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ABSTRACT: There is limited evidence on the outcomes and safety of mechanical thrombectomy (MT) among patients with acute
ischemic stroke (AIS) in the context of cardiac diseases. Our study reviews MT in AIS within the context of cardiac diseases,
aiming to identify existing and emerging needs and gaps. PubMed and Scopus were searched until December 31, 2023, using
a combination of cardiological diseases and “mechanical thrombectomy” or “endovascular treatment” as keywords. Study
design included case reports/series, observational studies, randomized clinical trials, and meta-analyses/systematic reviews.
We identified 943 articles, of which 130 were included in the review. Results were categorized according to the cardiac condi-
tions. MT shows significant benefits in patients with atrial fibrillation (h=139) but lacks data for stroke occurring after percutane-
ous coronary intervention (n=2) or transcatheter aortic valve implantation (n=5). MT is beneficial in AlS attributable to infective
endocarditis (n=34), although functional benefit may be limited. Controversy surrounds the functional outcomes and mortality
of patients with AIS with heart failure undergoing MT (n=11). Despite technical challenges, MT appears feasible in aortic dis-
section cases (n=4), and in patients with left ventricular assist device or total artificial heart (n=10). Data on AIS attributable to
congenital heart disease (n=4) primarily focus on pediatric cases requiring technical modifications. Treatment outcomes of
MT in patients with cardiac tumors (n=8) vary because of clot consistency differences. After cardiac surgery stroke, MT may
improve outcomes with early intervention (n=13). Available data outline the feasibility of MT in patients with AIS attributable to
large-vessel occlusion in the context of cardiac diseases.

Key Words: atrial fibrillation m cardiological diseases ® heart failure ® ischemic stroke m mechanical thrombectomy ® percutaneous
coronary intervention
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troke is a major cause of mortality and a lead-
ing cause of physical disability, hospitalization,
dementia, and depression.! Ischemic stroke has
multiple risk factors and various causative subtypes
(eg, atherosclerotic, cardioembolic, small-vessel dis-
ease, rare causes, and unknown causes).’® Several

randomized controlled trials demonstrated that me-
chanical thrombectomy (MT) is effective and safe in
acute ischemic stroke (AIS) attributable to large-vessel
occlusion (LVO) of the anterior and posterior circula-
tion, irrespective of the cause.® However, to date, lim-
ited evidence is available on the efficacy and safety of
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Nonstandard Abbreviations and Acronyms
AIS acute ischemic stroke

AoD acute aortic dissection

CAT cardiac tumor

GA general anesthesia

IE infective endocarditis

IVT intravenous thrombolysis

LVO large-vessel occlusion

mRS modified Rankin Scale

MT mechanical thrombectomy

TAVI transcatheter aortic valve implantation
TCM Takotsubo cardiomyopathy

MT among patients with AIS specifically in the context
of cardiac diseases. This distinction may be important
in the context of LVO stroke because the brain and
the heart are intricately linked in the context of stroke,
with the heart being both cause and target of stroke
pathophysiology and complications. Moreover, most
of these patients treated with MT in real-life practice
would probably not have qualified for inclusion in the
clinical trials, but probably do benefit from the endo-
vascular treatment. Indeed, the question of generalized
applicability of these findings to a more heterogeneous
population has been a topic of debate. In this review,
we aim to summarize the evidence on the efficacy and
safety of MT in AIS attributable to cardiological dis-
eases. We discuss their frequency, management, and
treatment outcomes to identify current and emerging
unmet needs and evidence gaps.

METHODS

We conducted a scoping review following the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses guidelines adapted to scoping reviews and
a predetermined protocol shared among all authors®
(Figure 1).

Eligibility Criteria

We selected studies assessing safety and outcomes
of MT in cardiological conditions. Study design in-
cluded case reports/series, observational studies, ran-
domized clinical trials, and meta-analyses/systematic
reviews, because we aimed for a broad catchment of
the topic. No age, sex, or geographical restriction was
applied. Only published articles were included.

Information Sources

Four reviewers (L.D., S.A.R., M.F,, and M.R.) searched
articles through publicly available literature databases
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(PubMed, Scopus) from inception until December 31,
2023. The search strategy was based on the com-
bination of cardiological diseases and “mechani-
cal thrombectomy” or “endovascular treatment” as
keywords (complete search string is provided in
Data S1). Reference lists and citing articles were also
reviewed to increase the identification of relevant stud-
ies. Nonoriginal records, studies without available full
text, and articles in languages other than English were
excluded.

Study Selection and Data Extraction

Study selection was conducted on the Rayyan online
platform (rayyan.ai). Reference lists were screened
for titles and abstracts independently by a team of 2
reviewers for each database (ie, L.D. and S.A.R. for
Pubmed, M.F. and M.R. for Scopus). Subsequently,
potentially relevant articles were acquired in full text
and assessed for eligibility. The final selection was
shared among all the 4 coauthors, and eventual disa-
greements were resolved by consensus.

Data ltems

We abstracted data on article characteristics (study
design), number of participants, age of the patients,
number of patients treated with MT, number of pa-
tients with good functional outcome at 90days, rate of
mortality at 90days, rate of symptomatic hemorrhagic
transformation, and rate of successful recanalization.

RESULTS

We identified 943 articles, of which 130 were included
in the review. We categorized a review of the results
according to the cardiac conditions as follows: atrial
fibrillation and other arrhythmias (n=39), percutaneous
coronary intervention (n=2), transcatheter aortic valve
implantation (n=5), infective endocarditis (n=34), heart
failure (n=11), aortic dissection (n=4), left ventricular as-
sist device and total artificial heart (n=10), congenital
heart disease (n=4), cardiac tumors (n=8), and cardiac
surgery (n=13) (Figure 1).

Atrial Fibrillation and Other Arrhythmias

Atrial fibrillation (AF) is a major cause of AlS, account-
ing for ~20% to 30% of all cases.>® AF can be newly
detected in close temporal proximity to the index stroke
or can be known before the index stroke (known or
known AF).” MT is effective and safe in AIS attribut-
able to LVO of the anterior and posterior circulation,
irrespective of the cause. Previous studies have pro-
duced conflicting results on the post-MT outcomes in
patients with acute LVO stroke with AF and their coun-
terparts without AF®28 (Table 1). An individual patient
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Records identified through Records removed before screening (n=299)
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€ Scopus =269
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(=]
g Records screened
g (n=644)
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Articles excluded, with reasons (n=54)
Titles and abstracts assessed
for eligibility > Not relevant or not pertinent to the purpose of
(n=644) the review (n=54)
£
2
%—" Articles excluded, with reasons (n=460)
v
e Patients not treated with MT (n=449)
T, o Article not in English (n=3)
Full texts ass(:zsst;%;or eligibility P> ¢ Not sufficient quality of data (n=8)
Articles included:
atrial fibrillation and other arrhythmias (n=39),
percutaneous coronary intervention (n=2),
v transcatheter aortic valve implantation (n=5),
infective endocarditis (n=34),
T heart failure (n=11),
B Studies included in review = aortic dissection (n=4),
] (n=130) o left ventricular assist device and total artificial heart
= (n=10), congenital heart disease (n=4), cardiac tumours
(n=8), cardiac surgery (n=13).
Figure 1. Preferred reporting items for systematic reviews and meta-analyses flowchart for study selection

MT indicates mechanical thrombectomy.

data analysis of 6 randomized clinical trials?®-34 involved
1351 patients, of whom 447 (33.1%) with AF showed no
significant correlation between the presence of AF and
outcome of MT.%® Moreover, a recent meta-analysis of
adjusted effect estimates, comprising 16096 patients,
detected no significant differences in 90-day functional
outcomes and mortality after MT in patients with AIS
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with and without AF.%6 Kobeissi et al®” performed a sys-
tematic review and meta-analysis including 10 studies
with 6543 patients. Overall, the authors found that there
were comparable rates of modified Rankin Scale (mRS)
score of O to 2 between patients with AF and patients
without. However, after sensitivity analysis, the rate of
MRS scores of 0 to 2 was significantly lower among
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Atrial Fibrillation and Mechanical Trombectomy
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Akbik et al Retrospective | 5621 Patients | No AF: mean, | 5621 (100) No AF: 1029 No AF: 408 No AF: 160 No AF: 2108 Comorbid
20218 multicenter with AIS 65 (+SD: 15) 42) (17) (7) (85) AF was
cohort study undergoing AF: mean, 76 AF: 426 (31)* AF: 354 (26) AF: 89 (8) AF: 1204 (84) associated
MT, of whom (+SD: 11) with better
1517 (36.4%) clinical
with AF outcomes
in patients
with AIS
undergoing
MT
Huangetal | Retrospective | 245 Patients No AF: 245 (100) No AF: 60 No AF: 20 No AF: 7 (5.7) | No AF: 114 Comorbid
20219 multicenter with AIS median, 64 (49.2) (16.4) AF: 12 (9.8) (93.4) AF was
cohort study undergoing (IQR, 54-71) AF: 40 (32.5)* | AF: 37 (30.1)" AF: 103 (83.7)" | associated
MT, of whom AF: median, with worse
123 (50.2%) 74 (IQR, clinical
with AF 67-79)* outcomes
in patients
with AIS
undergoing
MT (but not
at matched
analysis)
Lasek-Bal Retrospective | 421 Patients No AF: mean, | 421 (100) No AF: 89 No AF: 9 (3.7) No AF: 15 No AF: 202 (66) | MT may have
etal 2021"° | single-center with AIS 65.7 (+SD: (36.2) AF: 5 (5.8) 4.9) AF: 72 (67) similar clinical
cohort study undergoing 18.9) AF: 28 (32.5) AF: 7 (6.5) outcomes in
MT, of whom AF: mean, patients with
108 (25.9%) 73.8 (+SD: AIS with vs
with AF 9.0) without AF
Lasek-Bal Retrospective | 417 AIS, AF AF 73.77 417 (100) AF 25 (32,1); AF 18 (16.7); AF 26 (24), no | AF 72 (67),no | AF does not
etal2021"° | single-center 108 (25.89%) (+SD: 8.97); no AF 70 (23) no AF 53 (17.4) | AF 69 (22) AF 202 (66) impact on
cohort study no AF 65.70 outcome after
(+SD: 18.88) MT
Leker etal Retrospective | 230 Patients No AF: mean, | 230 (100) No AF: 51 (42) | No AF: 23 (20) | No AF: 5 (4) No AF: 58 (48) MT is safe
2020" single-center with AIS 64.5 (xSD: Treated AF: Treated AF: Treated AF: Treated AF: and effective
cohort study undergoing 15.1) 2097 3 (15) 3(14) 11 (52) in patients
MT, of whom Treated AF: Undertreated Undertreated Undertreated | Undertreated with AF
21 (9.1%) with | mean, 75.7 AF: 25 (28) AF: 9 (11) AF: 3 (3) AF: 59 (67) independently
adequately (+SD: 11.4)* from the
treated Undertreated adequacy of
AF and 88 AF: mean, AF treatment
(38.3%) with 74.9 (+SD:
undertreated 1.9
AF
Linetal Retrospective | 83 Patients No AF: mean, | 83 (100) No AF: 7 (17.5) | No AF: 6 (15.0) | No AF: 4 No AF: 22 MT may have
2020 single-center with AIS 70.9 (+SD: AF: 24 (65.8) | AF:4(9.3) (10.0) (55.0) better clinical
cohort study receiving MT, 17.3) AF: 3 (7.0) AF: 31 (72.1) outcomes in
of whom 43 AF: mean, patients with
(51.8%) with 72.6 (+SD: AIS with vs
AF 9.5) without AF
Fuetal Retrospective | 349 Patients No AF: 349 (100) No AF: 85 No AF: 32 No AF: 7 (3.9) | No AF: 171 MT has
20211 multicenter with AIS median, 67 (47.8) (18.0) AF: 2 (1.2) (96.1) similar clinical
cohort study undergoing (IQR: 37-79) AF: 82 (48.0) AF: 37 (21.6) AF: 169 (98.8) outcomes in
MT, of whom AF: median, patients with
171 (49%) 78 (IQR: AIS with vs
with AF 70-83)* without AF
Zdraljevic Prospective 127 Patients No AF: 127 (100) No AF: 35 No AF: 11 No AF: 5 (7.7) | No AF: 56 MT has
etal 2022' | multicenter with AIS median, (53.8) (16.9) AF: 6 (9.7) (86.2) similar clinical
cohort study undergoing 61 (IQR: AF: 19 (30.6) AF: 22 (35.3) AF: 55 (88.7) outcomes in
MT, of whom 50.5-68) patients with
62 (48.8%) AF: median, AIS with vs
with AF 74.5 (IQR: without AF
66.5-79)*
(Continued)
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Heshnatollah | Randomized 500 Patients No AF: No AF: 167 | No AF: 63 (38) | NA No AF: 11 No AF: 78/136 MT may have
etal 2017 clinical trial with AIS median, 61 (45.2) AF: 12 (18)* (6.6) (57) similar clinical
undergoing (IQR: 52-73) AF: 66 AF: 7 (10.6) AF: 38/61 (62) outcomes in
MT, of whom AF: median, 48.9) patients with
135 (27%) 72 (IQR: AIS with vs
with AF 66-80)" without AF
Zhao et al Prospective 647 Patients No AF: 647 (100) Data available | No AF: 234 No AF: 34 No AF: 411 MT has
20224 multicenter with AIS median, 63 only for 90-d (45.8) (6.8) (80.4) similar clinical
cohort study undergoing (IQR: 55-70) mRS score AF: 65 (47.8) AF: 11 (8.2) AF: 111 (81.6) outcomes
MT, of whom AF: median, 0-3vs 4-6 in patients
136 (21.0%) 73 (IQR: No AF: 159 with AIS with
with AF 65-78) (81.1) basilar artery
AF: 48 (35.3) occlusion with
vs without AF
Mujanovic Observational | 2941 Patients | AF: median, 1347 All AF: 418 All AF: 206 All AF: 72 NA MT may have
etal2022'® | multicenter with AIS 78 (IQR: Patients (39.4) (25.1) (5.4) better clinical
cohort study undergoing 69-84) with AF No IVT: 182 No IVT: 124 No IVT: 37 outcomes in
MT, of whom (100), of (33.3) (28.1) (5.2) association
1347 (45.8%) whom 632 | IVT: 236 IVT: 82 (21.6)" | IVT: 35 (5.6) with bridging
with AF (46.9%) (46.0)* IVT in patients
received with AIS with
bridging AF
IVT
Tong et al Prospective 1026 Patients | No IVT: 1026 (100), | No IVT: No IVT: No IVT: No IVT: 379/426 | MT may have
2021"7 multicenter with AIS median, 66 of whom 251/568 (44.2) | 93/568 (16.4) 33/569 (5.8) (89.0) similar clinical
cohort study undergoing (IQR: 55-74) 426 (41.5) IVT: 174/405 IVT: 62/405 IVT: 42/407 IVT: 523/600 outcomes in
MT, of whom IVT: median, received (43.0) (15.3) (10.9) (87.2) association
340 (33.1%) 64 (IQR: bridging with bridging
with AF 55-72) VT IVT in patients
with AIS
Alobaida Retrospective | 3106 Patients | No AF: mean, | 3106 (100) NA No AF: 24.2% | NA NA MT may have
etal 2023 | multicenter with AIS 61.1 (+SD: AF: 20.6% similar clinical
cohort study undergoing 14.8) outcomes in
MT, of whom AF: mean, patients with
1718 (565.3%) 73.6 (+SD: AIS with vs
with AF 12.6) without AF
Munir et al Observational | 4627 Patients | No AF: mean, | 4627 (100) NA NA NA NA No difference
201719 multicenter with AIS 60 (+SD: 15) in in-hospital
study cohort undergoing AF: mean, 74 mortality
MT, of whom (+SD: 1) in patients
1480 (32.0%) with AIS
with AF undergoing
MT with vs
without AF
Looetal Retrospective | 705 Patients Bridging 705 (100) Bridging IVT: Bridging IVT: Bridging IVT: Bridging IVT: AF | Presence of
2023%° cohort study with AIS (314 IVT: AF 73.2 AF 63 (35) and | AF 34 (18.9) AF 20 (11) 158 (87.3) and AF did not
AF and 391 (+SD:10.3) non-AF 118 and non-AF 41 | and non-AF non-AF 231 impact on
non-AF) and non-AF (45.2) (15.7) 34 (12.8) (89.2) treatment
65.6 No bridging No bridging No bridging No bridging IVT: | effect of
(+SD:14.1); IVT: AF 43 IVT: AF 25 IVT: AF 10 AF 117 (89.3) bridging IVT
No bridging (33.3) and (19.4) and (7.7) and and non-AF
IVT: AF 73.6 non-AF 28 non-AF 22 non-AF 17 100 (84)
(+SD:10.9) (23.7) (18.6) (13.9)
and non-AF
64.7
(+SD:16.0)
Yang et al Retrospective 1036 AIS (432 | Aged>65: 1036 (100) AF: 161/432 AF: 110/432 AF: 23/390 AF: 360/427 AF-related
2023 cohort study AF and 604 AF 350/432 (37.3); no AF: (25.5); no AF: (5.9); no AF: (84.3); no AF: stroke is
no AF) (81%); no 315/604 (52.2) | 97/604 (16.1) 17/544 (3.1) 511/573 (89.2) associated
AF 325/604 with worse
(563.8%) outcome
in patients
with poor
collaterals
(Continued)
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Pillai et al Multicenter, 253 AIS (AF Median age: 253 (100) Bridging IVT: Bridging IVT: NA AF: 64 (95.52); AF-related
2023% prospective 67 and no AF | AF 74 (IQR AF 14 (48.28) AF 6 (20.69) no AF 169 strokes
study 186) 66-82); no and non-AF and non-AF 12 (91.35) associated
AF 67.5 (IQR 65 (67.01) (12.37) with first-pass
58-77) No bridging No bridging effect
IVT: AF 15 IVT: AF 10
(39.47) and (26.32) and
non-AF 55 non-AF 10
(61.80) (11.24)
Wuetal Retrospective | 221 Patients No AF: mean, | 221 (100) No AF: 63 No AF: 35 No AF: 8 No AF: 119 MT may have
2023% multicenter with AIS 61.8 (+SD: (44.4) (24.7) (10.1) (83.8) similar clinical
cohort study undergoing 13.5) AF: 31 (39.2) AF: 26 (32.9) AF: 18 (12.7) AF: 58 (73.4) outcomes in
MT, of whom AF: mean, patients with
79 (35.7%) 70.1 (+SD: AIS with vs
with AF 1.7y without AF
Nogueira Retrospective | 1122 AlS; NA 1122 (100) NA NA NA NA Patients with
etal 2023% | cohort study 39% AF, 61% AF prone to
no AF severe ICH
Churojana Retrospective | 134 Patients No AF: mean, | 134 (100) No AF: 32 No AF: 16 (19) | No AF: 11 No AF: 64 MT may have
etal 2018%° | single-center with AIS 60.2 (+SD: (38.1) AF: 10 (20) (13.1) (76.2) similar clinical
cohort study undergoing 12.9) AF: 19 (38) AF: 6 (12) AF: 38 (76) outcomes in
MT, of whom AF: mean, patients with
50 (37.3%) 69.2 (+SD: AIS with vs
with AF 12.9)* without AF
Suretal Retrospective | 347 Patients No AF: mean, | 347 (100) No AF: 47 Only No AF: 23 No AF: 150 MT may have
202126 observational | with AIS 66.3 (+SD: (26.6) intrahospital 6.8) (86.7) similar clinical
single-center undergoing 14.9) AF: 46 (30) mortality data | AF: 10 (5.5) AF: 133 (87.5) outcomes in
cohort study MT, of whom AF: mean, available patients with
161 (46.4%) 76.1 (+SD: No AF: 32 AIS with vs
with AF 11.1) (18.1) without AF
AF: 34 (22.1)
Smaal et al Meta-analysis | 1349 Patients | No AF, MT: No AF: 443 | Data only Data only Data only NA No significant
2020% of 6 RCTs with AIS, of mean. 63.1 (49.1) available as available as available as interaction
whom 447 (+SD: 13.7) AF: 224 aOR aOR aOR between
(33.1%) with AF, MT: mean, | (50) AF vs no AF: AF vs no AF: AF vs no AF: AF and MT
AF 72.8 (+SD: OR=1.14 (95% | OR=1.14 (95% | OR=0.80 outcomes
10.1)* Cl=0.87-1.51) | CI=0.83-1.57) | (95%
Cl=0.44-1.47)
Zheng et al Meta-analysis | 16096 Mean, 70.1 16096 Data only Data only Data only Data only MT may have
2023% of 18 studies Patients with (100) available as available as available as available as similar clinical
AlS, of whom aOR aOR aOR aOR outcomes in
6862 (42.6%) AF vs no AF: AF vs no AF: AF vs no AF: AF vs no AF: patients with
with AF aOR=1.14 aOR=0.92 aOR=0.97 aOR=1.07 (95% | AIS with vs
(95% (95% (95% Cl=1.0-1.15) without AF
Cl=0.95-1.37) | CI=0.79-1.08) | ClI=0.71-1.32)
Kobeissi Meta- 6543 Patients | NA 6543 (100) | No AF: No AF: No AF: No AF: MT may have
etal 2023% | analysis of 10 | with AIS 1614/3826 587/3826 233/3559 2823/3427 worse clinical
observational (42.2) (15.3) (6.5) (82.4) outcomes in
studies AF: 766/2305 | AF:536/2305 | AF: 138/2055 | AF: 1782/2150 patients with
(33.2) (23.3) 6.7) (82.3) AIS with vs
without AF
D'’Annaetal | Prospective 518 Patients No AF: mean, | 518 (100) No AF: 173 No AF: 28 (9.7) | No AF: 19 No AF: 238 MT may have
2023% single-center with AIS 62.7 (+SD: (59.9) New AF: 5 8.7) (83.2) similar clinical
study undergoing 14.6) New AF: 71 4.7) New AF: 2 New AF: 89 outcomes in
MT, of whom New AF: (66.4) Known AF: 15 | (0.4)* (84.0) patients with
122 (22.2%) mean, 72.6 Known AF: 80 | (12.3) Known AF: 2 | Known AF: 101 | AIS with vs
with known (+SD: 13.4) (65.6) (0.4)* (82.8) without AF
AF and Known AF:
107 (21%) mean, 74.9
with newly (+SD: 9.6)
diagnosed AF
(Continued)
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Table 1. Continued

D’Annaetal | Prospective 573 Patients No OAC: 573 (100) No OAC: 150 No OAC: 84 No OAC: 20 No OAC: 324 MT may have
2023% single-center with AIS mean, 71.9 (39.5) (21.2) (56.1) (83.9) similar clinical
cohort study undergoing (+SD: 13.1) OAC: 33 (33.7) | OAC: 20 OAC: 1 (1) OAC: 78 (78.8) outcomes in
MT, of whom OAC: mean, (20.2)* patients with
99 (17.3%) on | 72 (+SD: 11.1) AIS with vs
OAC (89.9% without OAC
for AF)
Wang et al Retrospective | 133 Patients No OAC: 133 (100) No OAC: 31 No OAC: 23 No OAC: 13 No OAC: 81 MT may have
202277 single-center with AIS mean, 74 (33) (24) (14) (86) similar clinical
cohort study undergoing (+SD: 10) OAC: 17 (44) OAC: 8 (21) OAC: 5 (13) OAC: 38 (97) outcomes in
MT with AF, OAC: mean, patients with
of whom 39 69 (+SD: 11) AIS with vs
(29.3%) on without OAC
OAC
Leker et al Retrospective | 230 Patients No AF: mean, | 230 (100) No AF: 51 (42) | No AF: 23 (20) | No AF: 5 (4) No AF: 58 (48) MT may have
2020% observational with AIS 64.5 (+SD: Known AF: Known AF: Known AF: Known AF: 68 similar clinical
cohort study undergoing 15.1) 22 (25) 18 (21) 5(6) (79) outcomes in
MT, of whom Known AF: New AF: 5 New AF: 4 (18) | New AF: 1 (4) | New AF: 18 patients with
86 (37.4%) mean, 76.6 (21) (78)* AIS with vs
with known (+SD: 12.2) without AF
AF and 23 New AF:
(10.0%) mean, 74.6
with newly (+SD: 11.7)
diagnosed AF
Benavente Prospective 117 Patients No OAC: 117 (100) No OAC: No OAC: No OAC: No OAC: 90.0% | MT may have
et al 2016* observational with AIS mean, 67.1 54.2% 21.7% 8.2% OAC: 93.3% similar clinical
single-center undergoing (+SD: 10.6) OAC: 46.7% OAC: 6.7% OAC: 16.7% outcomes in
cohort study MT, of whom OAC: mean, patients with
30 (25.6%) on | 72.8 (+SD: AIS with vs
OAC (87.5% 7.9) without OAC
for AF)
Lallinec et al | Prospective 333 Patients OAC: mean, 333 (100), OAC: 14/38 OAC: 10/38 Data only OAC: 30 (75) MT may have
2018% observational | with AIS, of 75 (+SD: 13) of whom 37) (26) available as No OAC, no similar clinical
multicenter whom 40 No OAC, no 188 (56.5) No OAC, no No OAC, IVT: OR IVT: 79 (75) outcomes in
cohort study (12.0%) on IVT: mean, 64 | with IVT: 52/102 14/173 (8) No OAC, No OAC, IVT: patients with
OAC (75% (+SD: 14)* bridging (51) No OAC, IVT vs OAC: 151 (80) AIS with vs
for AF) No OAC, IVT: | IVT No OAC, IVT: IVT vs OAC: OR=0.44 without OAC
mean, 61 102/173 (59)* OR=0.25 (95% | (95%
(+SD: 15) Cl=0.10-0.61)* | Cl=0.09-2.08)
No OAC, no No OAC, no
IVT vs OAC: IVT vs OAC:
OR=0.41 (95% | OR=0.69
Cl=0.16-1.03) | (95%
Cl=0.13-3.68)
Fengetal Prospective 2134 Patients | No AF: 2134 (100) No AF: 469 No AF: 594 No AF: 59 NA MT may have
2023% multicenter with AIS median, 65 (31) (39.2) (3.9) similar clinical
cohort study undergoing (IQR: 55-73) AF: 205 (33.1) | AF:243(39.3) | AF: 30 (4.8) outcomes in
MT, of whom AF: median, patients with
619 (29.0%) 66 (IQR: AIS with vs
with AF 57-74) without AF
Pan et al Prospective 35 AIS; AF 10; | AF 65 (+SD: 35 (100) NA AF 4 (40); no NA AF 83%; no AF | AF predicts
20162 observational no AF 25 8/17); no AF AF 6 (24) 20% higher
single-center 56.64 (+SD: recanalization
cohort study 7.93) rates
Changetal | Retrospective | 109 AlS; 32 NA NA NA NA NA NA AF
2023% observational | AF independent
single-center predictor of
cohort study sICH after MT

AF indicates atrial fibrillation; AIS, acute ischemic stroke; aOR, adjusted OR; IQR, interquartile range; IVT, intravenous thrombolysis; mTICI, modified
Treatment in Cerebral Ischemia; mRS, modified Rankin Scale; MT, mechanical thrombectomy; NA, not available; OAC, oral anticoagulation; OR, odds ratio;
RCT, randomized clinical trial; and sICH, symptomatic intracranial hemorrhage.

*Significantly different at £<0.05.
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patients with AF. Furthermore, the authors documented
that mortality was significantly higher in the AF group,
with no significant heterogeneity observed. These re-
sults were, however, not always consistently observed,
especially in the elderly population.®® Indeed, similar
rates of successful reperfusion (modified Treatment in
Cerebral Ischemia score, 2b—3) were found in patients
with AF and their counterparts without AF after MT.3°
Although some studies identified AF as a risk factor
for postprocedural symptomatic intracerebral hemor-
rhage,® more recent data did not show significant dif-
ferences in the rates of intracerebral hemorrhage and
symptomatic intracerebral hemorrhage in patients with
acute stroke with and without AF treated with MT.36:37
Patients with AIS with AF undergoing MT showed
more frequently higher rates of comorbidities,3 higher
National Institutes of Health Stroke Scale score on ad-
mission, and lower Alberta Stroke Program Early CT
[Computed Tomography] Score on admission® com-
pared with their counterparts without AF. Moreover,
patients with LVO stroke with AF were less likely to be
eligible for intravenous thrombolysis®®” (IVT) because
of their prestroke use of anticoagulants. Conversely,
AF was associated with a lower number of attempts
to successful recanalization, higher odds of first-pass
success, and shorter procedure times.? To date, limited
evidence is available on the outcome profile between
patients with AF detected after stroke and known AF
and AIS attributable to LVO following MT. Leker et al
investigated the influence of AF temporal detection
on outcome after MT*® and found no significant im-
pact of the different subtypes of AF diagnosis on fa-
vorable mRS outcome following MT. In a more recent
study with a cohort of patients with acute LVO ischemic
stroke treated with MT, the authors did not observe a
significant difference in terms of functional independ-
ence at 3months when comparing patients with known
AF to patients with AF detected after stroke and their
counterparts without AF.3° Only few studies have re-
ported the procedural techniques used. Huang et al did
not show significant differences between patients with
and without AF undergoing MT in terms of procedural
features.® Similar results were obtained by D’Anna et al
when comparing the use of thromboaspiration, stent
retriever, and the combination of both techniques in pa-
tients with no AF, AF detected after stroke, and known
AF.3 AF, per se, is not a risk factor for risk of hemor-
rhagic transformation after MT, as suggested by previ-
ous studies.?>#'-43 Finally, although studies assessing
specifically the outcomes of patients with AF basilar
artery occlusion receiving MT are relatively scarce, their
results showed that the effect of MT did not differ statis-
tically in patients with AIS with and without AF.4445
Atrial high-rate episodes represent a risk factor for
AIS and other cardioembolic events, especially when
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>30seconds.*® Subjects with documented atrial high-
rate episodes have a risk of developing AF, which is
estimated to be ~8% to 9% per year.*” It is not estab-
lished if a prophylactic anticoagulation therapy is indi-
cated in patients with atrial high-rate episodes, given
that no benefit has been observed.*®4° To date, no
studies assessed specifically the safety and the clinical
outcomes of MT in patients with AIS in relationship to
atrial high-rate episodes.
Summary of data (Figure 2):

¢ There are clear benefits of treating with MT the LVO
patients with ischemic stroke and AF;

e Although some data are conflicting, in general, MT in
patients with and without AF shows similar 90-day
functional outcome and mortality rates;

¢ Patients with AF undergoing MT showed more fre-
quently higher rates of comorbidities compared with
their counterparts without AF; and this, not the reca-
nalization procedure in itself, could impact on longer-
term functional outcomes after MT.

Percutaneous Coronary Intervention

AIS is an uncommon complication of percutaneous
coronary intervention (PCI).5° The reported incidence
of post-PCl ischemic stroke has varied among differ-
ent studies. A recent analysis of the National Inpatient
Sample®! with 8753574 patients undergoing PCI re-
vealed that the post-PCI incidence of ischemic stroke
was 0.56%; however, it was higher after PCl for ST-
segment—elevation myocardial infarction (0.97%) and
PCI for non—-ST-segment—elevation myocardial infarc-
tion (0.81%) than after PCI for unstable angina or sta-
ble ischemic heart disease (0.41%). Among patients
with post-PCl stroke, the rates of MT were 0.65%
(Table 2). Saini et al described 4 patients who devel-
oped AIS attributable to LVO during cardiac catheteri-
zation.% All the cases were identified while still in the
cardiac catheterization suite, and they were treated
by the cardiologist via a transfemoral arterial access
and using solitaire stent retriever with balloon guide
catheter technique. To improve and expedite a defini-
tive diagnosis of LVO, allowing a rapid access to MT in
patients undergoing cardiac catheterization, Saini et al
proposed a triage strategy of “direct” cerebral digital
diagnostic subtraction angiogram bypassing conven-
tional computed tomography of the head.®? Patients
did not experience complications after the procedure.
However, further studies are needed to prove the use
of this approach in routine clinical practice. The oc-
currence of cerebrovascular stroke after coronary
revascularization is a substantial complication, with a
higher frequency after coronary artery bypass grafting
(CABG) compared with PCI.%°
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Figure 2. Summary of results per cardiac pathology

AF indicates atrial fibrillation; AIS, acute ischemic stroke; LVAD, left ventricular assist device; LVO, large-vessel occlusion; PCI,
percutaneous coronary intervention; and TAVI, transcatheter aortic valve implantation.

Summary of data (Figure 2):

e There is a lack of data on outcomes of post-PCI pa-
tients with stroke treated with MT.

Transcatheter Aortic Valve Implantation

Transcatheter aortic valve implantation (TAVI) is an in-
creasingly used treatment modality for patients with
severe aortic stenosis with high or intermediate surgi-
cal risk with a considerable risk of periprocedural cer-
ebrovascular embolic events.®3-55 Despite the fact that
MT represents the standard of care for AIS in selected
patients, its efficacy and safety in patients undergoing
TAVI have limited evidence in the literature. To date,
the use of MT for ischemic stroke after TAVI has only
been documented in a few case reports in the litera-
ture®6-° (Table 3). Gupta et al*® described the case of a
74-year-old man with stroke post-TAVI treated with suc-
cessful thromboaspiration MT after 3 passes, whereas
in the case described by Matsuo et al,>® successful re-
canalization of the entire left middle cerebral artery was
achieved with a direct-aspiration first-pass procedure

J Am Heart Assoc. 2024;13:e034783. DOI: 10.1161/JAHA.124.034783

performed twice. Finally, Coughlan et al®® reported that
4 passes were made using the Trevo device to achieve
successful recanalization in their clinical case of stroke
post-TAVI. The severe bleeding from the TAVI access
developed during the infusion of IVT suggested that
the use of the lytic therapy in patients with acute stroke
after TAVI should be considered on a case-by-case
basis only.®°
Summary of data (Figure 2):

e The safety and efficacy of patients with post-TAVI
LVO stroke have limited evidence in literature;

e MT in patients with AIS attributable to LVO post-
TAVI insertion represents the preferred reperfusion
therapy given the risk associated with the use of the
thrombolytic.

Infective Endocarditis

AIS is the most common neurologic complication of
infective endocarditis (IE), manifesting clinically in 20%
to 40% of the patients.®®? Treatment of patients with
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Table 2. Percutaneous Coronary Intervention and Mechanical Thrombectomy

Saini et al Case series | 4 Mean, 63 4 (100) 3(75) 0(0) 0(0) 3/3 (100, in 1 MT in CC
2020% case NA) suite can
be feasible
Alkhouli et al | Cohort 8753574 AIS after PCl | 0.65% NA NA NA NA Low use
20195 study Patients for STEMI: of MT
undergoing mean, 68 after PCl,
PClI, of (+SD: 13) although
whom49097 | AIS after PCI rate is
(0.6%) with for NSTEMI: increasing
AIS mean, 70 over time
(+SD: 12)
AIS after PCI
for UA/SIHD:
mean, 69
(+SD: 12)

AIS indicates acute ischemic stroke; CC, cardiac catheterization; mTICI, modified Treatment in Cerebral Ischemia; mRS, modified Rankin Scale; MT,
mechanical thrombectomy; NA, not available; NSTEMI, non-ST-segment-elevation myocardial infarction; PCI, percutaneous coronary intervention; SIHD,
stable ischemic heart disease; sICH, symptomatic intracranial hemorrhage; STEMI, ST-segment-elevation myocardial infarction; and UA, unstable angina.

acute stroke secondary to IE is often suboptimal as
thrombolytic therapy is contraindicated because of
the high risk of hemorrhagic transformation of the in-
farct.8364 Despite MT being the standard of care for
AIS with LVO, its efficacy and safety in patients with
stroke secondary to IE have limited evidence in the lit-
erature.®*73 Table 4 shows the key studies. A review
of the literature™ using the Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses frame-
work described 30 patients reported in 19 published
case series of 431 screened records.”>% According
to these findings, MT was as effective as in patients

presenting with LVOs attributable to nonendocarditis
causes. The median National Institutes of Health Stroke
Scale score decreased from 15 before to 2.5 after the
procedure. Intracranial hemorrhage occurred in 13.3%
of patients, and the overall mortality at 90days was
23.3%. Functional independence with an mRS score
of <2 was achieved in 46.7% of patients. Two large
case-control studies compared the outcomes after
MT of patients with AIS attributable to IE with patients
with AF-related stroke.®*®> Marnat et al described a
case series of 28 patients with ischemic stroke related
to IE who were compared with 84 patients with AIS

Table 3. Transcatheter Aortic Valve Implantation and Mechanical Thrombectomy

Gupta et al Case 2 74 and 2 (100) 2 (100) 0(0) 0 (0) 2 (100) MT after TAVI
2022% report 88 associated
with excellent
outcome
Pyra et al Case 1 77 1(100) 1(100) 0(0) 0 (0) 1 (100) MT after TAVI
202057 report associated
with excellent
outcome
Coughlan Case 1 80 1(100) 1(100) 0(0) 0 (0) 1 (100) MT after TAVI is
etal 2017°% | report effective
Matsuo Case 1 90 NA NA 0 (0) 1 (100) MT after TAVI is
etal 2017%° | report effective
D’Anna Case 1 98 1(100) 1(100) 0(0) 0 (0) 1 (100) MT after TAVI
etal 2019% | report is effective and
safe

mRS indicates modified Rankin Scale; MT, mechanical thrombectomy; mTICI, modified Treatment in Cerebral Ischemia; NA, not available; sICH, symptomatic

intracranial hemorrhage; and TAVI, transcatheter aortic valve implantation.

J Am Heart Assoc. 2024;13:e034783. DOI: 10.1161/JAHA.124.034783
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Table 4. Infective Endocarditis and Mechanical Thrombectomy
Patients with
Patients succesful
treated Patients with Patients with recanalization
Total No. of with MT, | mRSscore0-2 | mRS score of 6 | Patients with (mTICI 2b-3), Summary of
Reference | Study type patients Age, y n (%) at90d, n (%) at 90d, n (%) sICH, n (%) n (%) study findings
D’Annaetal | Literature 30 Median, 67 (IQR: | 30 (100) 14 (46.7) 7 (23.3) 4(18.3) 13 (43.3) MT in patients
2020™ review of 19 32-75) with |E should
studies be considered
case by case
as safety not
established yet
Feil et al Retrospective | 6635 Patients Cardioembolism: | 159 (100) | Cardioembolism: | Cardioembolism: | Cardioembolism: | CE: 91 (87.5) MTis
2021% observational | with AIS mean, 66.5 45 (43.3) 30(28.8) 21(20.2) IE: 41 (74.5)* associated with
multicenter undergoing MT, (+SD: 13.4) IE: 11 (20.0)" IE: 33 (60.0)* IE: 14 (25.5) worse clinical
cohort study of whom 159 |IE: mean, 69.0 outcomes in
included in the (+SD: 13.9) patients with
final analysis (55 AIS with IE vs
with |E, 34.6%, cardioembolism
104 matched
controls with
cardioembolism,
65.4%)
Marnat et al | Retrospective | 112 Patients with | Cardioembolism: | 112 (100) | Cardioembolism: | Cardioembolism: | Cardioembolism: | Cardioembolism: | MT is
2021% observational AlIS undergoing mean, 61.4 (+SD: 39/77 (50.6) 15/77 (19.5) 4/77 (56.2) 80/84 (95.2) associated with
multicenter MT, of whom 28 | 16.5) |E: 7/27 (25.9)* IE: 7/27 (25.9) IE: 2/25 (8.0) IE: 24/28 (85.7) worse clinical
cohort study (25%) with IE IE: mean, 59.2 outcomes in
(+SD: 17.6) patients with
AIS with IE vs
cardioembolism
Bolognese Case report 14 Mean, 49 (range: | 14 (100) NA NA 0(0) NA MT may be
etal 2018 | and literature 24-78) considered in
review of 13 AlS attributable
cases to lE
Mowla et al | Meta-analysis | 120 Mean, 57.2 120 (100) | NA 50/84 (59.5) 31(25.8) 89 (74.2) MT may be
2022% of 6 studies Median, 75.5 considered in
AIS attributable
to lE
Marquardt Literature 40 No MT: median, 21(52.5) | NoMT: 7/19 (37) Only intrahospital | No MT: 8/19 (42) NA MT may be
etal 2019%° | review and 61.5 (IQR: MT: 13/21 (62) mortality data MT: 2/17 (12) considered in
case series 48-69) available AIS attributable
MT: median, 48.5 No MT: 4/19 (21) to IE
(37.5-67) MT: 4/21 (19)

AIS indicates acute ischemic stroke; IE, infective endocarditis; IQR, interquartile range; mRS, modified Rankin Scale; MT, mechanical thrombectomy; mTICI,
modified Treatment in Cerebral Ischemia; NA, not available; and sICH, symptomatic intracranial hemorrhage.

*Significantly different at £<0.05.

attributable to AF.°® The case-control study found no
difference between the 2 groups in terms of recanali-
zation rate, whereas patients with stroke attributable to
IE less frequently reached functional independence at
90days after the index event compared with those with
stroke attributable to AR The first-line strategy MT
techniques used did not differ between the 2 groups of
patients. A larger case-control study from the German
stroke registry showed lower rate of successful re-
canalization (74.5% versus 87.5%; P=0.039), compa-
rable rates of intracranial hemorrhage (30.9% versus
21.6%; P=0.175), lower proportion of good functional
outcome (20.0% versus 43.3%; P=0.006), and higher
mortality (60.0% versus 28.8%; P<0.001) after MT in
patients with IE compared with those with AF-related
stroke.®* A similar number of favorable outcomes was
also found in other reviews.”®% On the basis of the
available data, MT in patients with |IE appears to carry
some more risks and less benefits to those in patients

J Am Heart Assoc. 2024;13:e034783. DOI: 10.1161/JAHA.124.034783

without IE. Despite this, MT should not be withheld
from patients with IE.”"%7
Summary of data (Figure 2):

e MT is beneficial in patients with AIS and LVO attrib-
utable to IE, although functional outcomes are less
good than in patients with AIS and LVO without IE.

Heart Failure

Heart failure (HF) is a clinical syndrome associated
with high mortality and morbidity rates. HF may in-
crease the risk of AIS because of thromboembolic
complications associated with reduced ejection frac-
tion, progressive left ventricle dilatation, and cardiac
remodeling.?8%° At the same time, HF is associated
with well-known stroke risk factors, such as hyper-
tension, AF, coronary artery disease, obesity, and

11
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diabetes.'®® Although patients with HF were gener-
ally underrepresented in the large clinical trials on MT
(eg, ESCAPE [The Endovascular Treatment for Small
Core and Anterior Circulation Proximal Occlusion with
Emphasis on Minimizing CT to Recanalization Times],
REVASCAT [Randomized Trial of Revascularization with
Solitaire FR Device versus Best Medical Therapy in the
Treatment of Acute Stroke Due to Anterior Circulation
Large Vessel Occlusion Presenting within Eight Hours
of Symptom Onset]),3°33 recent studies have investi-
gated the impact of HF in patients with AIS treated
with MT (Table 5). Previous studies reported that the
presence of HF was associated with unfavorable func-
tional outcomes'®'~1%% or higher in-hospital mortality
after MT.'91193 |n the study by Tan et al, the presence
of HF was associated with a worse outcome even
in patients who obtained successful reperfusion.'®
A possible explanation for these findings is that HF
might contribute to a decrease of the global cerebral
blood flow, collateral flow, and cerebral vasomotor re-
activity and predisposes to hypoperfusion during MT.
In addition, other concurrent factors in patients with
HF, such as aging, endothelial dysfunction, and proin-
flammatory and prothrombotic states, may impact on
the functional outcome.'® Conversely, Schnieder et al
showed no significant impact of HF on mortality and
functional outcome after MT.9° However, this cohort
included only patients with mild heart failure. Similarly,
another cohort study found no association between
HF with or without AF and in-hospital mortality in pa-
tients undergoing MT."%* Therefore, data on mortality
and functional outcomes in patients with AIS with HF
undergoing MT remain controversial. Patients with
and without HF demonstrated similar recanalization
rates'®1%3 and similar rates of symptomatic intracer-
ebral hemorrhage.®®01192 For other safety concerns,
Gentile et al focused on the anesthetic management of
patients with HF undergoing MT. The authors showed
that general anesthesia (GA) might be associated with
worse clinical outcomes compared with patients with
HF not undergoing GA, although no differences in
terms of mortality rates were observed between the
2 groups.'®® The authors explained their findings in re-
lation to the vasodilation induced by the GA and the
consequent cerebral and organ hypoperfusion.'®’
Takotsubo cardiomyopathy (TCM) or stress-induced
cardiomyopathy is an acute cardiac syndrome charac-
terized by transient systolic and diastolic left ventricular
dysfunction.'®® AIS in TCM is often associated with left
ventricular thromboembolism, which is explained by
blood stasis attributable to wall motion abnormalities
and hypercoagulability from catecholamine surge.!®
However, cardioembolism in TCM can occur with or
without the presence of detectable left ventricular
thromboembolism. Y-Hassan et al described the case
of a 67-year-woman with midapical TCM complicated
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by left ventricular thromboembolism, left anterior de-
scending artery, and left middle cerebral artery (seg-
ment M2) thromboembolic occlusions.'®® The cerebral
artery thrombotic occlusion was treated successfully
with MT with complete resolution of the neurologic
deficits. Cases of TCM developed after MT have also
been described.'07-109
Summary of data (Figure 2):

e Patients with HF were generally underrepresented in
the large clinical trials on MT;

e Data on mortality and functional outcomes in pa-
tients with AIS with HF undergoing MT remain
controversial.

Aortic Dissection

Acute aortic syndromes are a group of diseases that
affect the thoracic aorta. The most common acute
aortic syndromes include acute aortic dissection (AoD),
intramural aortic hematoma, penetrating aortic ulcer,
and aortic rupture. Acute aortic syndromes can occur
spontaneously or as a result of trauma, even in individu-
als without preexisting aortic disease. Neurologic com-
plications occur in 17% to 40% of AoD cases, with AIS
being the most common initial finding."'® Thrombolytic
therapy is contraindicated in patients with AoD and
AIS as the lytic may extend dissection into the pericar-
dium, leading to cardiac tamponade, or increase the
risk of fatal rupture of the ascending aorta or the aortic
arch."12 Thus, MT remains the only recommended
reperfusion treatment for patients with AoD and con-
current AIS attributable to LVO.2 To avoid propagation
of the clot in case of AoD via transfemoral access, tran-
sradial access may be preferred. Among the main ran-
domized trials of MT in AIS with LVO, Solitaire with the
Intention for Thrombectomy as Primary Endovascular
Treatment explicitly excluded patients with suspected
AoD.?' Table 6 showed the key studies. In 2014, Igarashi
et al reported 2 patients treated successfully with MT
after aortic repair.''® Patients were treated by remov-
ing thrombi within the false lumen using a Fogarty
catheter, and no neurologic complications were found
postoperatively. In 2017, Reznik et al described 3 pa-
tients who underwent MT for AIS attributable to AoD.'™*
All patients had right M1 occlusions and experienced
successful recanalization after MT and improvement of
their neurologic status. The authors did not report that
patients showed significant complications related to
the procedure. Interestingly, the access point differed
in these 3 cases (ie, transfemoral, transradial, and
transbrachial). None of these patients were affected
by acute type A AoD. Indeed, 2 had chronic AoD and
underwent graft repair, whereas a third had acute type
B AoD. Recently, 2 cases of MT in patients with AIS

12
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Table 5. Heart Failure, Takotsubo Cardiomyopathy, and Mechanical Thrombectomy

2023

Schnieder et al | Observational | 373 Patients No HF: 373 (100.0) No HF: 105 No HF: 17 (7.4) | No HF: 2 (1) | No HF: 175 No significant
2019% study on with AIS, of median, 73 48.2) HF: 9 (11) HF: 3 (4.4) (76.4) differences
prospective whom 90 (IQR: 63-83) HF: 32 (43.8) HF: 63 (75.9) in study
single-center (24%) with HF | HF: median, outcomes
stroke registry 77 (1QR: between
70-84) patients with
vs without HF
Gentile et al Observational | 8924 Patients | No HF: 8924 (100.0) No HF: 3992 No HF: 15630 No HF: 648 | No HF: 6398 Worse 90-d
2023 study on with AIS, of median, (48.2) (18.5) (8.3) (78.1) functional
multicenter whom 642 73.8 (IQR: HF: 234 (36.4)" | HF: 197 (30.7)* | HF: 45 (7.6) | HF: 488 (76.9) | outcomes
registry (7.2%) with HF | 62.9-80.8) and higher
HF: median, mortality rates
771 (1QR: than patients
68.2-82.8)" with vs without
HF
Siedler et al Observational | 1209 Patients | No HF: mean, | No HF: 155 No HF: 51% No HF: 9% No HF: 3% No HF: 87% Patients
2019102 study on with AIS, of 69.9 (+SD: (18) HF: 35%* HF: 20%* HF: 7% HF: 92% with HF had
single-center whom 378 13.5) HF: 88 (24) worse 90-d
registry (81.3%) with HF: mean, functional
HF 761 (+SD: outcomes
121 and higher
mortality rates
than patients
with vs without
HF (also in
the matched
cohort)
Tanet al Retrospective | 440 Patients No HF: mean, | 440 (100.0) No HF: 161 No HF: 19 (5.7) | No HF: 35 No HF: 289 Worse 90-d
2021108 study on 6 with AIS, of 67.0 (+SD: 48.1) HF: 21 (21.0* | (10.0) (85.3) functional
international whom 101 13.2) HF: 32 (32.0)" HF: 15 (15.0) | HF: 87 (87.0) outcomes
stroke registries | (23.0%) with HF: mean, and higher
HF 63.5 (+SD: mortality rates
13.8) than patients
with vs without
HF
Pana et al Observational | 33173 No HF/AF: 33173 (100.0) | NA NA NA No HF/AF: No difference
2021104 study on Patients median, 61 3939 (25.3) in reperfusion
publicly with AIS (IQR: 51-72) AF: 3093 (28.6) | ratesin
available undergoing AF: median, 76 HF: 596 (25.1) patients with
national stroke | EVT, of whom | (IQR: 67-82) HF+AF: 1268 vs without HF
registry 2376 (7.2%) HF: median, (28.9)
with HF, 4390 | 67 (IQR:
(13.2%) with 56-77)
HF and AF, HF+AF:
and 10826 median, 77
(32.6%) with (IQR: 66-83)*
AF
Y-Hassan et al | Case report 1 67 1(100.0) 1(100.0) 0(0.0) 0(0.0) 1(100.0) MT with TCM
201916 is effective and
safe
Riva et al Case report 1 78 1(100.0) 1(100.0) 0(0.0) 0(0.0) 1(100.0) MT with TCM
202117 is effective and
safe
Yamasaki et al | Case report 1 73 1(100.0) 1(100.0) 0(0.0) 0(0.0) 1(100.0) MT with TCM
2021108 is effective and
safe
Nagendra et al | Case report 1 67 1(100.0) 1(100.0) 0(0.0 0(0.0) 1(100.0) MT with TCM

is effective and
safe

AF indicates atrial fibrillation; AIS, acute ischemic stroke; HF, heart failure; EVT, endovascular treatment; IQR, interquartile range; mRS, modified Rankin
Scale; MT, mechanical thrombectomy; mTICI, modified Treatment in Cerebral Ischemia; NA, not available; sICH, symptomatic intracranial hemorrhage; TCM,
Takotsubo cardiomyopathy.

*Significantly different at £<0.05.
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Table 6. Aortic Dissection and MT

Safety and Outcomes of MT in AIS

Reference

Study type

Total
No. of
patients

Age,y

Patients
treated with
MT, n (%)

Patients
with mRS
score 0-2
at90d, n
(%)

Patients
with mRS
score of 6
at90d, n
(%)

Patients
with sICH,
n (%)

Patients with
successful
recanalization
(mTICI 2b-3),
n (%)

Summary of
study findings

Igarashi et al

Case report

2

57 and 87

2 (100)

1 (50)

1 (50)

2 (100)

MT may be

2014"

considered in
cases of aortic
dissection and
LVO

Reznik et al
201714

Case report 3 NA 3 (100)

3 (100) 0(0) 0(0) 3 (100)

MT may be
safe and
effective

in patients
with aortic
dissection
with carotid
occlusion

Jeong et al
2023"5

Case report 2 81 and 76 2 (100)

MT may be
safe and
effective

in patients
with aortic
dissection
with carotid
occlusion

Linetal
2019™6

Case report 1 45 1 (100)

1(100) 0(0) 0(0) 1(100)

MT may be
safe and
effective

in patients
with aortic
dissection
with carotid
occlusion

LVO indicates large-vessel occlusion; mRS, modified Rankin Scale; MT, mechanical thrombectomy; mTICI, modified Treatment in Cerebral Ischemia; NA, not

available; and sICH, symptomatic intracranial hemorrhage.

and hidden AoD have been reported.''® One patient
with an internal carotid artery occlusion caused by
the dissection flap was treated with a stent deployed
from the distal portion of the common carotid artery
to the proximal internal carotid artery. The second one
had occlusion of the superior branch of the left middle
cerebral artery, and suction thrombectomy was per-
formed with a first-pass effect that completely restored
the flow. Although difficult, both procedures used a
transfemoral approach. The main challenge in per-
forming MT for AIS before corrective surgery for acute
AoD is to establish the appropriate approach site for
catheterization. Catheterizing patients with AoD can be
challenging because of technical difficulties and poten-
tial risks, such as extending the dissection, displacing
thrombotic material, and causing total perforation of
the aorta. On the basis of the location and acuity of the
AoD, as well as the location of the target vessel, the ac-
cess point must be decided on a case-by-case basis.
A transradial or carotid approach should be consid-
ered in cases with acute AoD and anterior circulation
occlusion. The carotid approach can be performed via
ultrasound-guided common carotid artery puncture or
open exploration. Lin et al described a patient with oc-
clusion of the right common carotid artery up to the
internal carotid artery attributable to type A AoD that

J Am Heart Assoc. 2024;13:e034783. DOI: 10.1161/JAHA.124.034783

was treated successfully by exposing the right com-
mon carotid artery and directly puncturing the artery
(the open exploration approach).'®

Summary of data (Figure 2):

e The use of MT in patients with acute AoD and con-
current AlS attributable to LVO appears feasible de-
spite limited literature available.

Left Ventricular Assist Device and Total
Artificial Heart

Left ventricular assist devices (LVADs) and total artificial
hearts are mechanical circulatory support devices that
provide either a bridge to transplantation in patients with
advanced heart failure or destination therapy in patients
ineligible for transplantation.”""® Despite the require-
ment for full effective anticoagulation (eventually in ad-
dition to antiplatelet agents), AIS remains a common
adverse event in patients with LVAD and total artificial
heart.""""® Because of the concomitant anticoagula-
tion therapy and recent thoracic surgery, this specific
population is typically excluded from treatment with IVT.
Therefore, the use of MT in patients with LVAD and total
artificial heart may represent a valid option to potentially

14
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reverse the clinical course and maintain eligibility for
cardiac transplantation in case of AIS attributable to
LVO™7"118 (Table S1). Previous case reports, case series,
and small observational studies'”~"?® documented that
patients with LVADs were more frequently treated with
MT compared with patients without LVADs, whereas
the rate of successful recanalization was similar in both
groups. Recently, lbeh et al compared postthrombec-
tomy outcomes in patients with and without LVAD
support, and they additionally performed subgroup
analyses among patients with LVADs with AIS in the
postoperative setting and in the setting of preexisting
device.””® The authors showed that among those re-
ceiving MT, mortality was higher in the population with
LVAD (31.0% versus 14.1%; P=0.009), although this was
largely driven by the postoperative LVAD subgroup. In
multivariable analysis, only postoperative patients with
LVADs experienced greater odds of in-hospital death
after MT; patients with preexisting LVADs demonstrated
no difference in post-MT mortality or in odds of dis-
charge home after MT. These findings suggest the lack
of an association between preexisting LVAD and worse
outcomes after MT, supporting the safety and efficacy
of MT in the LVAD population. Nevertheless, one of the
major challenges in this group remains to be avoiding
hemorrhagic complications during MT.18
Summary of data (Figure 2):

e MT in the LVAD population poses major challenges,
including the risk of hemorrhagic complications re-
lated to the procedure.

Congenital Heart Disease

The prevalence of congenital heart disease (CHD) world-
wide is 9 per 1000 newborns, and because of medical
advances, >90% of patients survive into adulthood.'?"128
CHD represents a strong risk factor for ischemic stroke
because of several factors, such as abnormal flow pat-
terns, chamber dilatation, and dysrhythmias, with a risk
~11 times higher than the general population.'?® Data on
MT in AIS attributable to CHD mainly refer to pediatric
cases (Table S2). Therefore, reports are sparse because
of the low frequency and level of evidence in patients
aged 1 to 18years. Lu et al described a 38-year-old
man with a history of anomalous pulmonary venous re-
turn corrected at 7 months of age and newly identified
AF, treated with IVT and MT for a left middle cerebral ar-
tery branch occlusion with successful recanalization.'®
The patient subsequently made a complete recovery
with regard to his language, with subtle deficits of fine
finger movements and pronator drift on the right within
1month of his event. Souto Silva et al described a
4-year-old boy with AIS, resulting from a left middle cer-
ebral artery occlusion, successfully treated with IVT and

J Am Heart Assoc. 2024;13:e034783. DOI: 10.1161/JAHA.124.034783
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MT.'3° At the time of discharge, 8 days after the vascular
event, he completely recovered from the aphasia and
had mild right hemiparesis, but he was already capable
of independent gait, with a Pediatric National Institutes
of Health Stroke Scale score of 2. In another case, a
3-year-old boy with complex CHD underwent IVT and
MT for complete 2-vessel occlusion of both the basilar
artery and left middle cerebral artery, resulting in suc-
cessful recanalization.' The boy was discharged to a
pediatric neurorehabilitation clinic. Short time outcome
after 4months was favorable, with a right-sided hemi-
paresis mainly of the upper limb. Nasr et al reported a
case involving a 2-year-old girl with a prenatal diagnosis
of single ventricle who underwent 2 palliative cardiac
surgeries. She had a successful MT 9hours after the
stroke onset. Notably, the authors suggest that the car-
dioembolic origin of the stroke attributable to CHD, in
the absence of underlying vasculopathy, potentially in-
creases the odds of successful recanalization.'®?> The
cases mentioned highlight successful interventions in
pediatric patients with CHD-related ischemic stroke,
underscoring the potential for effective treatment in
such cases and the need for further research and
evidence. However, interventions in pediatric patients
need technical modifications, because of several limita-
tions. First, a critical limiting factor in determining the
feasibility of MT is the smaller size of the femoral artery,
which increase the risk of severe vasospasm with vas-
cular sheaths. The pediatric population aged <2years
has an estimated femoral artery diameter of <4 mm. As
the smallest sheath available, which allows the use of
a microcatheter to deploy a stent retriever, is a 4F ra-
dial sheath with an outer diameter of 1.96 mm, the risk
of vasospasm in a 4-mm femoral artery can be high.
This also means that even when bigger sheaths can be
used, it is mandatory to sacrifice the proximal stability of
a guide catheter, and to advance the aspiration catheter
directly over the guidewire. Second, when using the as-
piration technique, blood loss during the aspiration pro-
cess should be kept to a minimum, because the total
blood volume of a pediatric patient is reduced. Third,
the device and technique should be carefully selected.
Indeed, arteriopathy may be present in the context of
CHD, particularly in cardiovascular-related congenital
syndromes, therefore potentially increasing the risk of
arterial rupture or dissection. Finally, infants and young
children are more susceptible to complications asso-
ciated with contrast administration and radiation ex-
posure.'®® Therefore, timing of treatment and duration
should be kept to the minimum, further increasing the
challenge of stroke treatment in people with pediatric
and congenital heart disease.
Summary of data (Figure 2):

e Data on MT in AlS attributable to CHD mainly refer to
pediatric cases;
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e The cases mentioned highlight successful interven-
tions in pediatric patients with CHD-related ischemic
stroke;

e |nterventions in pediatric patients need technical
modifications, because of several limitations.

Cardiac Tumors
Cardiac tumors (CATs) can be grouped on the basis
of their origin as either primary or secondary (meta-
static). Primary CATs are globally rare, with a reported
frequency of 1:100 000 people for primary CATs,
whereas autopsy studies showed a higher preva-
lence for secondary tumors (1:100).'3 Among primary
CATs, 10% are malignant, whereas 90% are benign.
Myxomas, the most prevalent benign tumors, account
for 80% of primary CATs and are commonly found in
the left atrium135 predominantly affecting women
aged between 30 and 60years. Ischemic stroke/tran-
sient ischemic attack represents the most common
neurologic complication of CATs and can occur in up
to 40% of patients with myxoma.'®® Cerebral infarc-
tions are thought to be secondary to embolization
of CAT particles or thrombotic material covering the
surface of tumor cells."®” Moreover, cerebral ischemic
events may also be related to episodes of AF caused
by the electric interference of the tumor on the heart
conduction system, typically in the context of solid
myxomas.'3"138

Available case studies suggest that MT (Table S3),
either alone or after IVT (bridging therapy), can be
safely achieved in patient LVO related to CAT emboli-
zation.'3¥46  Indeed, successful recanalization was
achieved in most patients's9140:142-144.146 \without hem-
orrhagic transformation in all but 1 case.** However,
treatment outcome may vary depending on differences
in clot consistency because of heterogeneous tumor
composition. For example, solid myxomas may present
with dense emboli composed of neoplastic spindle cells
intricately intertwined with platelets and fibrin, potentially
making the clot challenging to remove and increasing
the likelihood of incomplete recanalization.*® On the
contrary, paucicellular mesenchymal tumors that con-
tain a copious myxoid matrix with sporadic spindle cells
might facilitate easier removal of the emboli via MT."°
Accordingly, some authors suggest the use of histologic
examination of the clot for diagnosis as its composition
may predict differences in treatment outcome.'#

Summary of data (Figure 2):

e MT in patients with CATs appears to be associated
with acceptable recanalization rates;

e Treatment outcome of MT in patients with CATs may
vary depending on differences in clot consistency
because of heterogeneous tumor composition.

J Am Heart Assoc. 2024;13:e034783. DOI: 10.1161/JAHA.124.034783
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Cardiac Surgery
Stroke after cardiac surgery has a prevalence between
1% and 10% and is associated with high mortality and
morbidity.%6'47-1%0 The main predictors are increasing
age, previous cardiac and cerebrovascular disease,
diabetes, emergent surgical status, prolonged aor-
tic cross-clamp time, and prolonged cardiac bypass
time.'¥~14® The diagnosis of stroke in these patients
may occur in the stable postoperative period or wak-
ing up from GA."® In the latter context, the neurologic
assessment may be challenging because of the pro-
longed interval between the time of last known well
and the detection of neurologic deficit, analogous to
the “wake-up” stroke.’®® Unfortunately, IVT is usually
contraindicated in stroke following cardiac surgery be-
cause of recent surgery and significant risk of surgical
site bleeding, whereas MT has emerged as an effec-
tive and safe intervention.’® To date, no prospective
study has investigated the outcomes of MT in these
patients, and data available are mainly based on ret-
rospective cohort analyses, case series, and case
reports (Table S4). The largest retrospective series to
date by Gupta et al, Sheriff et al, and Wilkinson et al
(with 7, 6, and 6 cases, respectively, undergoing MT
for postcardiac stroke) showed that MT may be asso-
ciated with a better outcome compared with medical
management, especially in the case of early reperfu-
sion and favorable imaging characteristics.56.14815"
In the retrospective series of Wilkinson et al, data on
the device used are available for only 6 patients of 15.
Interestingly, 4 of them were treated with Solitaire stent
retriever in combination with aspiration. Other reports
(8 patients totally) showed the same trend,”3192-15% with
most patients achieving a moderate to full recovery.
Kashani et al described the outcome of 14 patients
treated with MT for postoperative ischemic stroke and
LVO with various stent-like devices.'®°

Few case reports reported the use of intra-arterial
thrombolysis after cardiac surgery.!%6-158

CABG is required in patients who are not suitable
for PCI, and it is preferred in cases of significant mul-
tivessel coronary artery disease. The development of
postoperative cerebrovascular stroke is linked to pro-
longed hospitalization with high costs and increased
hospital mortality. Laimoud et al documented that
7.5% of patients developed postoperative stroke after
CABG, with MT performed in only 2 cases."*® Madeira
et al described the case of a 72-year-old woman who
developed a left posterior cerebral artery syndrome
with occlusion of the P1 segment 1day after CABG.”
MT was performed 3hours after the symptom onset,
with complete recanalization and with almost complete
clinical recovery at discharge.

Finally, Gupta et al described the outcomes of
5 patients treated with MT after cardiac surgery for
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heart valve disease.®® A successful recanalization was
achieved in 3 of 5 patients, whereas 2 of them regained
functional independence (MRS score, <2) 3months
after the intervention.%® In conclusion, large prospec-
tive cohort studies are needed to better investigate the
outcome and safety of MT in patients with stroke after
cardiac surgery. A more homogeneous and systematic
identification of stroke in this population could improve
access to appropriate consideration of MT.
Summary of data (Figure 2):

e Data available are mainly based on retrospective co-
hort analyses, case series, and case reports;

e Data showed that MT may be associated with a bet-
ter outcome compared with medical management,
especially in the case of early reperfusion and favor-
able imaging characteristics.

DISCUSSION

Herein, we provided an extensive overview of the
currently available data on the clinical outcomes and
safety of MT in patients with AIS attributable to cardiac
diseases. To our knowledge, this is the first review in
the literature that explores the outcomes and safety of
MT for AIS in the context of cardiological diseases, in-
cluding AF, PCI, CABG, TAVI, IE, HF, TCM, AoD, LVAD,
CHD, and CATs.

Summary of Findings

Our review showed that MT is generally effective and
safe for the treatment of LVO in AIS for patients with
AF and HF, and among patients who presented with
LVO AIS in the context of PCI or CABG. This is despite
the fact the management of these patients is further
complicated by the recent use of heparinization or oral
anticoagulants that precludes the use of intravenous
thrombolytics. Indeed, we also illustrated that MT is
feasible in patients with IE and CATs, where the use of
thrombolytic agents is generally accepted as contrain-
dicated, making MT the only option for intervention in
selected cases. Data available suggested that MT in
patients with AIS after cardiac surgery or TAVI can be
successful. There are limited data on patients with CHD
undergoing MT for AIS attributable to LVO. Data on MT
in AIS attributable to CHD mainly refer to pediatric cases
and pose access-, device-, and technique-related chal-
lenges. Furthermore, our review showed that MT in the
LVAD population with AIS and LVO has major chal-
lenges, including the risk hemorrhagic complications re-
lated to the procedure. Finally, the use of MT in patients
with acute AoD and concurrent AIS attributable to LVO
appears feasible despite limited literature available.

J Am Heart Assoc. 2024;13:e034783. DOI: 10.1161/JAHA.124.034783
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Interpretation of Findings

Our review highlights the importance of an early and
prompt recognition of neurologic symptoms and signs
in patients with a cardiological condition by all cardiac
care providers. Despite the limited literature available in
some circumstances, MT is generally feasible in car-
diological patients who experience an AlS attributable
to LVO. Therefore, efforts should be made to allow an
early detection of clinical abnormalities and to perform
urgent neuroimaging and referral to neurointerven-
tional care providers in case of suspected AIS without
delay. Indeed, patients who have an AIS attributable to
LVO in the context of postcardiac surgery or TAVI are
less likely to be diagnosed promptly because of the
duration of the surgery and long emergence from GA,
which does not allow for accurate neurologic evalu-
ation. A preestablished multidisciplinary procedure
adapted to each institution would facilitate the ap-
propriate management and the identification of which
patients would benefit most from MT.'%%160 Moreover,
priority setting exercises consisting of 3 phases (prep-
rioritization, prioritization, and postprioritization) might
help stroke physicians and cardiologists to develop de
novo guidelines for the management and treatment of
these patients.'®’

Strengths and Limitations
The strength of our review relies on the explicit, trans-
parent, peer-reviewed search strategy.

Moreover, our review includes a vast range of dif-
ferent cardiological conditions. There are limitations
to our scoping review. Our review relied on different
types of studies (eg, reviews, case reports, and ob-
servational studies) that did not have sometimes all the
variables considered for the review. We found limited
data available on the MT procedure strategy used to
treat LVO AIS attributable to cardiac diseases. Most of
the studies included in this review were observational,
case series, or case reports and therefore the choice
of the thrombectomy procedures was left to the dis-
cretion and experience of the operator and was not
dictated by a specific protocol. As stent retriever tech-
niques were used predominantly in randomized clini-
cal trials, questions remain on the safety and efficacy
of aspiration thrombectomy techniques as a first-line
therapy and whether there is an MT technique asso-
ciated with better outcome depending on the cardiac
disease associated with the stroke and its clot compo-
sition. Finally, as a scoping review, our main purpose
was to identify and analyze knowledge gaps on the
use of MT in patients with cardiological conditions.
However, we recognized that we did not encompass
all the cardiological conditions, and we recognized this
as a limitation.
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Implications for Practice and Future
Research

Further studies are needed in these patients who are
commonly excluded from “standard” thrombectomy ran-
domized controlled trials. Given the rarity of some of these
conditions, large randomized controlled trials may not be
possible, whereas the design of multicenter observational
studies and registries might help to better understand
treatment for these patients. Stroke physicians and car-
diologists should communicate closely to further develop
the tools, resources, and treatments that would be useful
for improving the detection of AIS and reducing the time
to treatment in such patients. Creation of guidance post-
ers incorporating the stroke recognition tool “BESFAST”
(balance, eyes, face, arm, speech, time) led to substantial
improvement in cardiac staff confidence and knowledge
of stroke care.'® This might help in the future to drive in-
novations in the identified areas of greatest need.

CONCLUSIONS

In conclusion, available data outline the feasibility of
MT in patients with AIS attributable to LVO secondary
to cardiac diseases.
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