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ABSTRACT

Objectives To explore the relationship between final
expanded treatment in cerebral infarction (eTICl) score and
the presence or absence of distal emboli on final angiography
on clinical outcome after endovascular thrombectomy (EVT)
for acute ischaemic stroke (AIS). Persistent distal emboli on
angiography are commonly noted, yet not all patients with
intermediate eTICI scores demonstrate clear angiographic
emboli, raising the possibility that these angiographic
differences may correlate with distinct mechanisms of
‘no-reflow’. Therefore, we sought to better understand the
potential clinical impact of such angiographic markers in
cases of incomplete reperfusion.

Design We performed an exploratory retrospective
analysis of a prospectively collected group of AIS patients
who underwent EVT for M1 occlusions using the ASSIST
Registry.

Setting 71 sites in 11 countries participated in the
registry.

Participants A total of 650 patients with M1 occlusions
were included.

Main outcome measures We compared 90-day modified
Rankin scale (mRS) scores based on eTICI score as well
as the presence or absence of distal emboli on final
angiography.

Results Clinical outcome based only on eTICI score
revealed a shift in 90-day mRS, with a significant
difference across eTICl scores in predicting 90-day mRS
0-2. In the intermediate eTICI grades 2b67 and 2c, there
was a trend towards better 90-day mRS when emboli
were present on final angiography than when emboli were
absent. However, pairwise comparisons between these
levels were non-significant.

Conclusion In patients with final eTICI 2b67 or 2c, those
with persistent emboli trended towards better clinical
outcomes. With intermediate eTICI reperfusion, identifying
the presence or absence of distal emboli on final
angiography may be useful in distinguishing patterns of
incomplete reperfusion. These findings should be followed
by investigations on correlation between angiography and
other markers of microcirculatory ‘no-reflow’.

Trial registration number NCT03845491.

. Ryan A McTaggart,’
1% Paul Jenkins,
! for the ASSIST

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Incomplete reperfusion and the ‘no-reflow’ phe-
nomenon have been hypothesised to contribute
to suboptimal functional outcomes observed after
endovascular thrombectomy (EVT) for large vessel
occlusion (LVO) in acute ischaemic stroke (AIS).

WHAT THIS STUDY ADDS

= This exploratory analysis confirms a stepwise re-
lationship between eTICI reperfusion scores and
clinical outcome after EVT in LVO and adds a nov-
el finding that in patients with intermediate eTICI
grades, there is a trend towards better outcomes in
those with distal emboli present on final angiogra-
phy than in those without persistent distal emboli.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These preliminary results suggest that the presence
or absence of distal emboli on final angiography in
patients with intermediate eTICI scores may be of
value both in prognostic terms and in providing in-
sights into different pathophysiological patterns of
incomplete reperfusion.

INTRODUCTION

Endovascular thrombectomy (EVT) is the
mainstay of large vessel occlusion treatmentin
acute ischaemic stroke (AIS).! Successful reca-
nalisation, conventionally defined as a modi-
fied treatment in cerebral ischaemia (mTICI)
score of 22b (filling of 50% or more of the
downstream territory), occurs in greater than
70% of patients.” However, despite excellent
‘successful’ recanalisation rates, favourable
clinical outcomes occur in only one-third
of patients.” Importantly, even incremental
improvements in ischaemic territory reper-
fusion have been shown to confer mean-
ingful differences in clinical outcomes.” The

BM) Group

Molaie A, et al. BMJ Surg Interv Health Technologies 2025;7:6000345. doi:10.1136/bmijsit-2024-000345 1


https://sit.bmj.com/
http://orcid.org/0000-0002-8024-4712
http://orcid.org/0000-0001-5814-2798
http://orcid.org/0000-0002-7446-4540
http://orcid.org/0000-0003-4881-4698
http://orcid.org/0000-0002-5109-8736
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjsit-2024-000345&domain=pdf&date_stamp=2025-04-11

ASSIST
Registry
n = 1492

Other occlusions or no
final eTICI and/or
embolism information
n=731
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> >2
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Figure 1 Study flowchart.

expanded TICI score (eTICI), which splits the 2b grade
into 2b50 (ie, 50-66% reperfusion) and eTICI 2b67 (ie,
67-89% reperfusion), was developed to provide a more
granular scale of reperfusion, and each increase in level
of reperfusion has been found to predict better clinical
outcomes.”® Nevertheless, the extent of territory reper-
fusion is influenced by factors both on the macrocircula-
tory level, such as the presence of residual distal emboli,
as well as on the microcirculatory level, in the form of
microvascular inflammation, constriction or compression
from downstream cerebral oedema and venous outflow
obstruction.”* The presence of distal emboli is common
after EVT and is likely a major contributor to incomplete
reperfusion.7 " However, some patients with intermediate
eTICI scores demonstrate no clear distal emboli on angi-
ography, potentially alluding to alternate, microcircula-
tory causes of ‘no-reflow’.'* To our knowledge, studies
have yet to explore the clinical impact or prognostic
significance of these angiographic differences in ‘success-
fully’ recanalised cases. In the present study, we sought
to investigate whether the presence or absence of distal
emboli, as separately regarded from the extent of eTICI
reperfusion, influences final clinical outcome.

METHODS
Study description
We performed an exploratory, retrospective analysis of
prospectively collected clinical and imaging data in AIS
patients with proximal or distal M1 occlusions using the
ASSIST Registry. The ASSIST Registry is a prospective,
global, multicentre registry of anterior circulation AIS
patients with an LVO who have undergone EVT using
Stryker Neurovascular devices for the first pass in treating
a target occlusion. Detailed methodology and inclusion
criteria are described elsewhere.'” For this subgroup anal-
ysis, only patients with M1 occlusions were included to
ensure homogeneity with regard to reperfusion grading.
Clinical outcomes were compared among five groups of
patients with the following final angiographic outcomes

(based on the expanded TICI score (eTICI)), as adjudi-
cated by an independent core lab: (1) eTICI 2b50 with
the presence of distal emboli, (2) eTICI 2b67 with a)
presence or b) absence of distal emboli, (3) eTICI 2c¢
with a) presence or b) absence of distal emboli or (4)
eTICI 3 (with absence of distal emboli). The presence
of an embolus was defined by the observation of a clear
distal meniscus or embolic cut-off on the final macro-
angiographic run after the final device pass.

The primary outcome of interest was ordinal 90-day
modified Rankin scale (mRS). Statistical analyses also
included multivariable binary logistic regression models
including age, sex, time between last well-known and
groin puncture, baseline NIHSS, presence of intravenous
thrombolysis, eTICI at first pass (0, 1, 2a, 2b50, 2b67, 2c,
3), final eTICI (0, 1, 2a, 2b50, 2b67, 2¢, 3) and collateral
status (based on modified American Society of Interven-
tional and Therapeutic Neuroradiology (ASITN) grade)
on 90-day mRS <2. Patients with a baseline mRS) of >2
were excluded from all analyses where 90-day mRS was
an outcome but are included in the demographic table.

Standard descriptive statistics were presented for cate-
gorical variables with continuous data presented as mean
and SD. For between-group comparisons, ¥2 tests and
Fisher exact tests were used for categorical variables,
whereas t-tests and Wilcoxon rank-sum tests were used for
continuous variables. To compare differences in 90-day
mRS between eTICI scores, pairwise contrasts were made
between adjacent eTICI levels for 90-day mRS of 0-2. To
explore the effect of the presence of distal emboli on
90-day mRS values, a GLIMMIX model was used. Specifi-
cally, the distal emboli vs no distal emboli comparison was
made while holding the final eTICI value constant. This
was only possible for final eTICI levels 2b67 and 2c, as
final eTICI 2b50 only had a single subject without distal
emboli and level 3 had no subjects with distal emboli.
These analyses were conducted using both 90-day mRS
0-1 (excluding patients with baseline mRS >1) and 90-day
mRS 0-2 (excluding patients with baseline mRS >2). All
parametric analyses were adjusted to account for the clus-
tering of individual patients within treatment centres. A p
value of <0.05 was considered to indicate statistical signif-
icance. All statistical analyses were performed using the
SAS statistical software package.

Ethics approval was obtained by the institutional review
board at each centre. The ASSIST Registry Studying
Various Operator Techniques is registered at Clinical-
trials.gov (number NCT03845491). The authors wrote
this manuscript according to the Strengthening the
Reporting of Observational Studies in Epidemiology
cohort reporting guidelines. The data supporting the
findings of this study are available from the corresponding
author on reasonable request.

RESULTS
786 patients with M1 occlusion were included in the
ASSIST Registry. 25 patients did not have information on
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Table 1 Baseline characteristics

Mean age, years (range)
Female sex, % (n)

71.1 (19-106)
54.0% (411/761)
Comorbidities:

Hyperlipidaemia, % (n) 47.6% (354/744)
Hypertension, % (n) 71.6% (539/753)
Diabetes, % (n) 23.5% (176/750)
Atrial fibrillation/flutter, % (n) 34.1% (256/751)
Coronary artery disease, % (n) 21.0% (155/740)
Prior Stroke, % (n) 13.0% (96/740)
Current Smoker % (n) 19.6% (131/669)

Baseline NIHSS, mean (range) 14.8 (0-36)

Mean LKW to puncture time, hours
(range)

7.6 (0.7-148.6)

Baseline total ASPECTS score, mean
(range)

7.5 (1-10)

Final eTICI score +/-distal emboli, % (n)
2b50,+distal emboli
2b50, - distal emboli
2b67,+distal emboli
2b67, - distal emboli
2c, + distal emboli

4.2% (32/761)
0.3% (2/761)
21.0% (160/761)
1.8% (14/761)
17.0% (129/761)
19.0% (145/761)
36.7% (279/761)
0% (0/761)
Modified ASITN collateral grade (pre-intervention), % (n)

2c, - distal emboli
3, - distal emboli
3,+distal emboli

0 1.2% (7/592)

1 6.4% (38/592)
oL 18.1% (107/592)
2H 35.8% (212/592)
3 36.8% (218/592)
4 1.7% (10/592)

Continuous data are reported as mean+SD and (range).

ASITN, American Society of Interventional and Therapeutic
Neuroradiology; ASPECTS, Alberta stroke program early CT score;
eTICI, expanded treatment in cerebral infarction; “H”, High; 1V,
Intravenous; “L”, Low; LKW, last known well; NIHSS, National
Institutes of Health Stroke Scale.

final eTICI and/or embolism status and were excluded.
Among the remaining 761 subjects, there were 650 with
a baseline mRS of 0-2 and were included in the analysis
(figure 1).

Baseline demographics are represented in table 1.
The distribution of scores on the mRS at 90 days based
only on eTICI score is presented in figure 2A. The eTICI
score predicted mRS 0-2 (p=0.011), but not mRS 0-1
(p=0.085). Pairwise comparisons were non-significant
between 2b50 vs 2b67 (44.0% vs 50.7%, p=0.599) or 2b67
vs 2¢ (50.7% vs 56.6%), p=0.225), but significant for e TICI
2¢vs 3 (56.6 vs 66.1%, p=0.013).

The distribution of 90-day mRS based on reperfusion
grade and distal emboli status is presented in figure 2B.
No patients with eTICI of 3 were found to have distal
emboli; therefore, this category was excluded. Similarly,
only one patient with eTICI 2b50 was found to have
absence of distal emboli; therefore, this category was also
excluded. 138/148 (93.2%) of patients with eTICI 2b67
had distal emboli, and 103/219 (47.0%) of patients with
eTICI 2c had distal emboli. Reperfusion grade and distal
emboli status predicted mRS 0-2 (p=0.024), but not mRS
0-1 (p=0.088) (table 2). In the intermediate eTICI grades
2b67 and 2c, there was a shift towards better 90-day mRS
when emboli were present on final angiography than
when emboli were absent. However, pairwise comparisons
between these levels were non-significant (p=0.962and
0.647, respectively).

The multivariable logistic regression evaluating 90-day
mRS of 0-2 as an outcome is shown in table 3. Baseline
ASPECTS score was omitted from the equation due to the
large number of missing values. Furthermore, since there
were only 17 subjects with final eTICI<2b50, the param-
eter estimation for the binary final eTICI >2b50 was
unstable and resulted in an extremely wide CI. To remedy
this, the 28 subjects with final eTICI 2b50 were reassigned
and grouped with final eTICI 0,1,2a, resulting in a total
of 45 subjects in this lower group. eTICI at the first pass
remained divided at 0,1,2a vs >2b50. With these qualifica-
tions, the following variables were found to be significant:
age (p=0.019), eTICI at first pass (p=0.004), collateral
grade (p=0.024) and baseline NIHSS (p<0.0001). The
administration of IV thrombolysis was not associated with
outcome, and there were no significant differences in the
rate of intravenous thrombolytic administration across
the eTICI/distal emboli groups. The average rate was
37.3%, ranging from 31.8% in the eTICI 2c with distal
emboli group to 46.9% in the eTICI 2b50 with distal
emboli group (p=0.66).

DISCUSSION

In the present study, we explored the relationship between
the presence of persistent distal emboli on final angiog-
raphy, eTICI score and clinical outcome. We identified
that with increasing reperfusion grades, there are propor-
tionally fewer distal emboli observed on angiography at
each eTICI level. Furthermore, in patients with interme-
diate eTICI grades, in whom the presence or absence of
emboli is most variable, we found a trend towards better
outcomes in those with distal emboli present on final
angiography. This surprising result adds a new layer of
granularity to the relationship between incomplete reper-
fusion and clinical outcome and can potentially inform
future studies investigating angiographic manifestations
of ‘no-reflow’ phenomena.

Successful yet incomplete reperfusion is associated with
worse functional outcome and mortality when compared
with complete reperfusion in endovascular thrombec-
tomy for LVO in AIS."® Even modest changes in the extent
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(A) Clinical outcome based on reperfusion grade alone. (B) Clinical outcome based on reperfusion grade and distal

emboli status. (A) Grotta bars illustrating the distribution of 90-day mRS scores based only on eTICI score, demonstrating a
shift in improved 90-day mRS with increasing eTICI score and a significant difference across eTIClI levels in predicting mRS 0-2.
(B) Grotta bars illustrating the relationship between reperfusion grade, distal emboli status and clinical outcome. A similar shift
in 90-day mRS is seen. Note that as reperfusion grade increases, there are proportionally less distal emboli observed at each
eTIClI level. In the intermediate eTICI grades, there was a shift towards better 90-day mRS when emboli were present on final
angiography than when emboli were absent. However, pairwise comparisons between these levels were non-significant. eTICI,
expanded treatment in cerebral infarction; mRS, modified Rankin scale.

of reperfusion have been linked to improved outcome.*™
In the present study, this trend remained apparent with
a shift in improved 90-day mRS with increasing eTICI
score, and a significant difference across eTICI levels in
predicting mRS 0-2 (figure 2A). However, pairwise differ-
ences in outcome between patients with 2b50 and 2b67
or 2b67 and 2c reperfusion did not meet significance,
possibly due to the small number of patients in these
subgroups (eg, only 28 patients with final eTICI 2b50
were included). Nevertheless, understanding incomplete
reperfusion goes beyond simply eTICI score and includes
consideration of both persistent small distal emboli
apparent on final angiography and angiographically

. . 14 17
occult microcirculatory ‘no-reflow’ phenomena.

Operational definitions of this microvascular ‘no-reflow’
phenomenon after EVT have been described in various
ways using post-intervention perfusion irnaging”"22 and
recently in angiographic terms based on delay or absence
of capillary blush despite mTICI scores of 2c or 3. ** In
our study, we explored whether patients with incomplete
reperfusion due to persistent distal emboli on the macro-
circulatory level might be clinically distinguishable from
patients with incomplete reperfusion without evidence of
distal emboli, who may be hypothesised to have micro-
vascular impairment as the underlying aetiology of their
delayed or incomplete anterograde filling.

Table 2 Clinical outcome based on reperfusion grade and distal emboli status

eTICI 2b50, eTICI 2b67, eTICI 2b67, eTICI 2c, eTICI 2c, eTICI 3,

+ distal emboli + distal emboli - Distal emboli + distal emboli - Distal emboli - Distal emboli P value
90-day mRS,  (7/23) 30.4% (55/126) 43.7% (3/9) 33.3% (48/98) 49.0%  (49/107) 45.8% (116/215) 54.0% 0.088
0-1, n (%)*
90-day mRS  (10/24) 41.7% (70/138) 50.7% (5/10) 50.0% (60/103) 58.3% (64/116) 55.2% (154/233) 66.1% 0.024
0-2, n (%)t

*Limited to subjects with baseline mRS 0-1.
TLimited to subjects with baseline mRS 0-2.

eTICl, expanded treatment in cerebral infarction; mRS, modified Rankin scale.
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Table 3 Multivariable logistic regression with 90-day
modified Rankin score of 0-2 as outcome

Characteristic OR (95% Cl) P value
Age 0.97 (0.95to 1.00) 0.019
Female sex 1.13 (0.66 to 1.95) 0.644
History of atrial fibrillation 1.14 (0.75t0 1.73) 0.528
eTICl at first pass (eTIClI 2.29 (1.311t0 3.98) 0.004
2b50, 2b67, 2c, 3, or other)

Final eTICI score (eTICI 2.55(0.90to 7.23) 0.078
2b67, 2c, 3, or other)

Modified ASITN collateral 1.34 (1.04 to 1.72) 0.024
grade (pre-procedure)

Baseline NIHSS 0.92 (0.89 to 0.95) <0.0001
IV thrombolysis 1.57 (0.81 t0 3.05) 0.179
LKW to puncture time 0.94 (0.83t0 1.07) 0.343
ASPECTS score* OMITTED OMITTED

*Baseline Aspects score was omitted from the equation due to the
large number of missing values.

ASITN, American Society of Interventional and Therapeutic
Neuroradiology; eTICI, expanded treatment in cerebral infarction;
LKW, last known well; NIHSS, National Institutes of Health Stroke
Scale.

Previous studies have shown that distal embolisation
after EVT is seen in up to 50% of patients.7 ¥ However,
the implications of such occlusions on clinical outcome
have yet to be investigated, as separately regarded from
reperfusion score. The eTICI score does incorporate the
presence of downstream occlusions in so much as percent
territory reperfusion is affected. In line with this, we iden-
tified a clear relationship between the extent of reperfu-
sion and the frequency of emboli on final angiography:
only one subject in our series was graded as having eTICI
2b50 withouta distal embolism, and no patients with eTICI
3, as expected, had distal emboli. However, at the inter-
mediate stages (ie, eTICI 2b67 and 2c), patients varied
most in this regard. We found that among the interme-
diate eTICI grades, patients had proportionally increased
likelihood of emboli on final angiography:138/148
(93.2%) of patients with eTICI 2b67 had distal emboli,
and 103/219 (47.0%) of patients with eTICI 2 ¢ had distal
emboli (figure 2B). Overall, reperfusion grade and distal
emboli status predicted mRS 0-2 (table 2). In comparing
the relationship between emboli and outcome in patients
within the intermediate grades, we found a surprising
result: patients trended towards a better clinical outcome
if emboli were present (figure 2B). Notably, these compar-
isons did not meet statistical significance, which may be
due to the lower number of patients in each subset as
the groups were progressively subclassified. However, this
trend—if confirmed in future studies—may have prac-
tical implications regarding both the potential of iden-
tifying ‘no-reflow’ pathophysiology angiographically and
its associated prognostic value.

In patients with eTICI 2b67 to 2 ¢ with distal emboli, the
aetiology of incomplete reperfusion is likely related atleast
in part to these angiographically apparent distal emboli
causing macrocirculatory obstructions. On the contrary,
intermediate eTICI scores without distal emboli raise the
possibility that the loss of complete and brisk anterograde
reperfusion on angiography may reflect angiographically
occult microcirculatory flow impairment, such as severe
cerebral blood volume compromise in the setting of a
completed infarct. This potential mechanism involves
increased vascular resistance and diminished arteriolar
inflow due to elevated interstitial pressure from tissue
ischaemia and cerebral oedema.” " Building on this
idea, recent studies have demonstrated that obstructed
tissue-level perfusion is seen in association with impaired
venous outflow, likely related to cerebral oedema after
AIS*?! In the present study, given the large number
of missing data points regarding ASPECTS, examining
whether a relationship existed between patients in this
subgroup and lower ASPECTS was unfortunately not
possible, but should be explored in the future. Angio-
graphically, the observation of ‘competitive leptomen-
ingeal flow’ has also been recently described, referring
to retrograde contrast clearing of distal leptomeningeal
branches from non-contrast opacified collateral inflow.*
While this mechanism could account for the loss of full
anterograde reperfusion seen on angiography, one would
expect better outcomes in this population rather than the
worse outcomes we observed, given the presumed robust-
ness of collaterals contributing to this phenomenon.
Other potential aetiologies for incomplete reperfusion in
these patients include microcirculatory dysfunction and
‘no-reflow’ secondary to endothelial, pericyte or immune
dysregulation." Confirming the correlation with these
microvascular phenomena is inherently difficult but has
been explored with dedicated perfusion imaging'” ' and
should be trialled in the future. Nevertheless, potentially
distinguishing these macrocirculatory and microcircu-
latory mechanisms angiographically may be of clinical
utility, given the trend we identified towards worse func-
tional outcome in patients without distal emboli.

Importantly, we acknowledge several reservations to
these interpretations. First, though the presence and
absence of emboli were clearly defined prior to data
collection by objective core lab visualisation of frank
distal menisci or embolic cutoffs, these determinations
are based on macro-angiographic injections rather than
selective microcatheter runs, which might be needed
to truly confirm the absence of an embolus. Second, as
mentioned above, we are unable to connect our angio-
graphic findings with other evidence of underlying ‘no-re-
flow” pathophysiology; for example, the limited ASPECTS
data in our cohort precluded exploring the relationship
to large infarcts or significant oedema. Likewise, data
on final infarct volume were not available in the current
analysis. These interpretations should therefore be
regarded as preliminary and will need to be investigated
in future dedicated studies that correlate such patients
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with incomplete reperfusion and no distal emboli on
angiography to other imaging markers of microcircula-
tory dysfunction.

The strengths of this study include adjudication of
all imaging by an independent core lab. Furthermore,
the size and uniformity of the included population
lend strengths to the validity of eTICI assessment and
outcome consistency. There are several limitations to
this study in addition to those mentioned above. First,
as a subanalysis of the ASSIST Registry, only data
captured in the initial study could be used. Second,
though the initial subset of patients analysed was
large, once broken down into the studied subgroups,
sample sizes diminished substantially, hindering
robust statistical comparisons. Larger-scale studies
should be assessed by independent imaging core labs
to confirm the trends suggested in our study.

CONCLUSION

In this exploratory analysis of the prospective ASSIST
Registry, we found a stepwise relationship between
eTICI reperfusion and clinical outcome. Further-
more, we found a trend in the relationship between
the presence of persistent distal occlusions on final
angiography and clinical outcome in patients with
intermediate eTICI scores. These preliminary results
suggest this angiographic feature may be of value in
clarifying different pathophysiological patterns of
incomplete reperfusion and may potentially be of
prognostic value. However, these results should be
interpreted with caution and followed up with larger
studies investigating this relationship with other
imaging characteristics, such as ASPECTS score or
post-intervention perfusion markers.

Author affiliations

"Department of Neurology, University of California, Los Angeles, California, USA
“Neuroradiology, Hospital Universitari Son Espases, Palma de Mallorca, Spain
®McLaren Regional Medical Center, Flint, Michigan, USA

“Neurosurgery, Medical University of South Carolina, Charleston, South Carolina,
USA

SDepartment of Radiology and Neuroradiology, Klinikum Vest GmbH,
Recklinghausen, Germany

Sinterventional Neuroradiology/Endovascular Neurosurgery, Hospital Clinico
Universitario de Valladolid, Valladolid, Spain

"Rhode Island Hospital, Providence, Rhode Island, USA

®Interventional Neuroradiology, University Hospital Ghent, Ghent, Belgium
°Radiology, Hospital Universitario Central de Asturias, Oviedo, Spain
"Neuroscience, St Vincent Mercy Hospital, Toledo, Ohio, USA

"Stryker Neurovascular, Fremont, California, USA

"2Neuroradiology, University of Heidelberg, Heidelberg, Germany

®Kennestone Hosp, Marietta, Georgia, USA

Collaborators the ASSIST investigators are as follows: Salvador Miralbes (Hospital
Son Espases, Mallorca, ES, Principal Investigator), Marc Viles, Rebeca Bermejo,
Angel Calleja (Hospital Son Espases, Mallorca, ES, Sub-Investigator), Bharath
Naravetla (McLaren Health Care, Michigan, USA, Principal Investigator), Aniel
Majjhoo, Mahmoud Rayes (McLaren Health Care, Michigan, USA, Sub-Investigator),
Onishchuk Valentyna, Tanya Mosley Gardner, Emily Paschal, Stephanie Bruma,
Marci, Roberts (McLaren Health Care, Michigan, USA, Study Coordinator), Alejandro
Spiotta (Medical University of South Carolina, Charleston, SC, USA, Principal

Investigator), Jonathan Lena, Kimberly Kicielinski, Sami Al Kasab (Medical University
of South Carolina, Charleston, SC, USA, Sub-Investigator), Emily Infinger, Melza Van
Roijen, Meredith Robinson (Medical University of South Carolina, Charleston, SC,
USA, Study Coordinator), Christian Loehr (Klinikum Vest Recklinghausen,
Recklinghausen, DE, Principal Investigator), Stephan Bossmann, Jan Oliver Kuhnt,
Axel Schaefer, Andreea Cioltan, Johanna Zabel, Christian Dynak, Jan Peter
Pittmann (Klinikum Vest Recklinghausen, Recklinghausen, DE, Sub-Investigator),
Markus Mohlenbruch (Uniklinik Heidelberg, Heidelberg, DE, ASSIST Registry Global
Principal Investigator, Steering Committee Member), Christian Herweh, Christian
Ulfert, Johannes Pfaff, Alexander Hubert, Alexander Mohr, Leonie Jestaedt, Jessica
Jesser, Dominik Vollherbst, Faith Seker, Tim Hilgenfeld (Uniklinik Heidelberg,
Heidelberg, DE, Sub-Investigator), Susanne Bonekamp, Sabine Johnson, Jenny
Frech (Uniklinik Heidelberg, Heidelberg, DE, Study Coordinator), Lukas Diebold,
Gabriele Neureither (Uniklinik Heidelberg, Heidelberg, DE, CT Upload), Mario
Martinez-Galdamez (Hospital Clinico Universitario de Valladolid, Valladolid, ES,
Principal Investigator), Miguel Arturo Schiiller (Hospital Clinico Universitario de
Valladolid, Valladolid, ES, Principal Investigator, Sub-Investigator), Jorge Galvan,
Mercedes De Lera, Carlos Castafieda, Javier Rodriguez (Hospital Clinico
Universitario de Valladolid, Valladolid, ES, Sub-Investigator), Rishi Gupta (Department
of Neurology, WellStar Health System, Marietta, Georgia, USA, ASSIST Registry
Global Principal Investigator, Steering Committee Member), Ahmad Khaldi, William
Humphries (Department of Neurology, WellStar Health System, Marietta, Georgia,
USA, Sub-Investigator), Stephanie Rowe, Lauryn Taylor, Martha Kelly (Department of
Neurology, WellStar Health System, Marietta, Georgia, USA, Study Coordinator),
Ryan McTaggart (Rhode Island Hospital, Providence, Rhode Island, USA, Principal
Investigator), Mahesh Jayaraman, Richard Haas, Radmehr Torabi (Rhode Island
Hospital, Providence, Rhode Island, USA, Sub-Investigator), Wendy Smith, Gina
Merola, Susan Foley (Rhode Island Hospital, Providence, Rhode Island, USA, Study
Coordinator), Luc Defreyne (Ghent University Hospital, Ghent, BE, Principal
Investigator), Elisabeth Dhondt, Peter Vanlangenhove, Laurens Hermie (Ghent
University Hospital, Ghent, BE, Sub-Investigator), Lynn Huyck, Lien Van
Cauwenberghe (Ghent University Hospital, Ghent, BE, Study Coordinator), Pedro
Vega (Hospital Universitario Central de Asturias-HUCA, Qviedo, ES, Principal
Investigator), Eduardo Murias, Juan Chaviano, Jose Maria Jimenez (Hospital
Universitario Central de Asturias-HUCA, Oviedo, ES, Sub-Investigator), Marios-Nikos
Psychogios (University Hospital Basel, Basel, CH, Principal Investigator, Steering
Committee Member), loannis Tsogkas, Peter Sporns, Kristine Blackham (University
Hospital Basel, Basel, CH, Sub-Investigator), Alex Brehm (University Hospital Basel,
Basel, CH, Study Coordinator), Antonin Krajina (University Hospital Hradec Kralove,
CZ, Principal Investigator, Steering Committee Member), Ondrej Renc, Eva Vitkova,
Vendelin Chovanec, Jan Raupach, Miroslav Lojik (University Hospital Hradec
Kralove, CZ, Sub-Investigator), Woong Yoon (Choonam National University Hospital,
KR, Principal Investigator, Steering Committee Member), Byung Hyun Baek
(Choonam National University Hospital, KR, Sub-Investigator), Eugene Kim
(Choonam National University Hospital, KR, Study Coordinator), Osama Zaidat (Bon
Secours Mercy Health St. Vincent Medical Center, Toledo, Ohio, USA, Principal
Investigator, Steering Committee Member), Saif Bushnag, Bader Alenzi, Nicholas
Liaw, Eugene Lin, Varun Chaubal (Bon Secours Mercy Health St. Vincent Medical
Center, Toledo, Ohio, USA, Sub-Investigator), Alyssa Bickley, Ronda White (Bon
Secours Mercy Health St. Vincent Medical Center, Toledo, Ohio, USA, CRC Manager),
India Bass (Bon Secours Mercy Health St. Vincent Medical Center, Toledo, Ohio, USA,
Research Assistant), Amy Krueger, Cynthia Upham (Bon Secours Mercy Health St.
Vincent Medical Center, Toledo, Ohio, USA, Study Coordinator), Ansaar Rai (West
Virginia University Hospital, USA, Principal Investigator, Steering Committee
Member), Sohyun Boo, Abdul Tarabishy, Gerard Deib (West Virginia University
Hospital, USA, Sub-Investigator), Rachel Gregis (West Virginia University Hospital,
USA, Nurse Practitioner), Abdul Alhalak (West Virginia University Hospital, USA,
Medical Student), Jennifer Domico (West Virginia University Hospital, USA, Study
Coordinator), Antonio Pitrone (AOPU G. Martino, IT, Principal Investigator), Orazio
Buonomo, Agostino Tessitore, Nicola Milazzo, Mariano Velo, Antonio Caragliano,
Andrea Calzoni (AOPU G. Martino, IT, Sub-Investigator), Sergio Lucio Vinci (AOPU G.
Martino, IT, Study Coordinator), Dong Hoon Lee (The Catholic University of Korea, St.
Vincent’s Hospital, Suwon, KR, Principal Investigator), Seung Yoon Song, Ho JunYi,
Jae Hoon Sung (The Catholic University of Korea, St. Vincent’s Hospital, Suwon, KR,
Sub-Investigator), Narae Kwon (The Catholic University of Korea, St. Vincent’s
Hospital, Suwon, KR, Study Coordinator), Lucio Castellan (Ospedale San Martino,
Genova, IT, Principal Investigator), Laura Malfatto, Nicola Mavilio, Giancarlo Salsano,
Bruno Del Sette (Ospedale San Martino, Genova, IT, Sub-Investigator), Guido
Bigliardi (AO Modena, IT, Principal Investigator), Maria Luisa Dell'Acqua, Laura
Vandelli, Giuseppe Borzi, Ludovico Ciolli, Livio Picchetto, Riccardo Ricceri, Francesca
Rosafio, Stefano Vallone (AO Modena, IT, Sub-Investigator), Stefania Maffei (AO
Modena, IT, Study Coordinator), Luis Lopez Ibor (Hospital Clinico San Carlos, ES,

6 Molaie A, et al. BMJ Surg Interv Health Technologies 2025;7:€000345. doi:10.1136/bmijsit-2024-000345



Principal Investigator), Manuel Moreu, Santiago Rosati, Carlos Gomez-Escalonilla
(Hospital Clinico San Carlos, ES, Sub-Investigator), Clemens Schirmer (Geisinger
Medical Center, Danville, Pennsylvania, USA, Principal Investigator), Itay Melamed,
Gregory Weiner, Oded Goren, Christoph Griessenauer, Shamsher Dalal (Geisinger
Medical Center, Danville, Pennsylvania, USA, Sub-Investigator), Karissa Graham
(Geisinger Medical Center, Danville, Pennsylvania, USA, Nurse), Katherine Freedman,
Angela Whitmire, Chelsie Derr (Geisinger Medical Center, Danville, Pennsylvania,
USA, Study Coordinator), Shahram Majidi (Mount Sinai Health System, USA,
Principal Investigator), Christopher Kellner, Paul Singh, Johanna Fifi, Hazem Shoirah,
Reade DeLeacy, Tomoyoshi Shigematsu, Pouria Moshayedi, Krisztina Moldovan,
Gregory Lock, Thomas Oxley, Benjamin Rapoport, Jacopo Scaggiante, Mais Al
Kawaz (Mount Sinai Health System, USA, Sub-Investigator), Sukaina Davdani, Emily
Fiano, Armand Harb, Serina Deeba (Mount Sinai Health System, USA, Study
Coordinator), Geert Vanhooren (AZ Sint Jan Brugge Oostende AV, BE, Principal
Investigator), Sofie De Blauwe, Olivier Deryck, Bruno Bergmans, Tybault Hollanders,
Heleen Parmentier, Ludo Vanopdenbosch, Kristof Verhoeven, Melissa Cambron,
Johan Ghekiere, Annelies Van Dycke, Isaline Demarcin, Louise Adams, Robin
Bouttelgier, Lisa Van Doeselaer, Charlotte Vanden Berghe, Arne Hostens, Louise De
Temmerman (AZ Sint Jan Brugge Oostende AV, BE, Sub-Investigator), Valérie
Schotte, Heleen Couckuyt, Julie Derous (AZ Sint Jan Brugge Oostende AV, BE, Study
Coordinator), Charlotte Riither, Monika Probst (Klinikum Rechts Der Isar, Munich, DE,
Principal Investigator), Tobias Boeckh-Behrens, Kornelia Kreiser, Christian
Maegerlein, Jan Kirschke, Silke Wunderlich (Klinikum Rechts Der Isar, Munich, DE,
Sub-Investigator), Maria Bauer (Klinikum Rechts Der Isar, Munich, DE, Study
Coordinator), Timo Krings (Toronto Western, Toronto, Ontario, CA, Principal
Investigator, Steering Committee Member), Patrick Nicholson, Ronit Agid (Toronto
Western, Toronto, Ontario, CA, Sub-Investigator), Alex Kostynskyy (Toronto Western,
Toronto, Ontario, CA, Study Coordinator), James Jaffe (Doctors Medical Center,
Modesto, CA, USA, Principal Investigator), Chris Neal (Doctors Medical Center,
Modesto, CA, USA, Sub-Investigator), Dharati (Dorothy) Trivedi (Doctors Medical
Center, Modesto, CA, USA, Study Coordinator), Thomas Wolfe (Aurora St. Luke’s
Medical Center, Milwaukee, Wisconsin, USA, Principal Investigator), Kessarin
Panichpisal, Glen Pollock, Sudeepta Dandapat, Kavit Shah (Aurora St. Luke’s
Medical Center, Milwaukee, Wisconsin, USA, Sub-Investigator), Genevieve
Kuchinsky, Samantha Goedde, Payton Tepp (Aurora St. Luke’s Medical Center,
Milwaukee, Wisconsin, USA, Nurse Practitioner), Kristopher Rowe, Gary Dennison,
Batul Dhariwala, Kaite McPolin (Aurora St. Luke’s Medical Center, Milwaukee,
Wisconsin, USA, Study Coordinator), Tonya Hollrith (Aurora St. Luke’s Medical
Center, Milwaukee, Wisconsin, USA, Image Upload), Bradley Bohnstedt (Indiana
University, Bloomington, Indiana, USA, Principal Investigator), Robert James (Indiana
University, Bloomington, Indiana, USA, Sub-Investigator), Marissa Lowe, Lauren
Snyder (Indiana University, Bloomington, Indiana, USA, Study Coordinator),
Jean-Christophe Gentric (CHU Brest, FR, Principal Investigator), Julien Ognard,
Lorena Nico (CHU Brest, FR, Sub-Investigator), Géraldine Viard (CHU Brest, FR, Study
Coordinator), Eduardo Barcena (Hospital 12 de Octubre, Madrid, ES, Principal
Investigator), Fernando Ostos, Federico Ballenilla, Jorge Campollo, Pedro Saura,
Miriam Fernandez Gomez (Hospital 12 de Octubre, Madrid, ES, Sub-Investigator),
David Altschul (Montefiore Medical Center, Bronx, New York, USA, Principal
Investigator), Neil Haranhali, Seon-Kyu Lee, Richard Zampolin, Allan Brook
(Montefiore Medical Center, Bronx, New York, USA, Sub-Investigator), Erida
Castro-Rivas (Montefiore Medical Center, Bronx, New York, USA, Research
Manager), Aureliana Toma, Lavinia Williams (Montefiore Medical Center, Bronx, New
York, USA, Study Coordinator), Lei Feng (Kaiser Permanente Southern California, Los
Angeles, California, USA, Principal Investigator), Kuo Chao (Kaiser Permanente
Southern California, Los Angeles, California, USA, Sub-Investigator), Catherine Lui,
Ashima Sharma, Vanessa Audea, Nathalie Sanchez, Marissa Barron (Kaiser
Permanente Southern California, Los Angeles, California, USA, Study Coordinator),
Demetrius Lopes (Advocate Hospital, lllinois, USA, Principal Investigator), Thomas
Grobelny, Joshua Billingsley, Khaled Asi (Advocate Hospital, lllinois, USA,
Sub-Investigator), Kiffon Keigher, Bridget Cantrell, Gina Barbaglia, Eric Leadley,
Molly Baker, Carla Zavala, AbigailWalters, Doreen Zokvic (Advocate Hospital, lllinois,
USA, Clinical Assessor), Linda Jiang, Pavan Murty, Arth Srivastava (Advocate
Hospital, Illinois, USA, Neurologist), Alexia Resner, Muthana Sweis (Advocate
Hospital, Illinois, USA, Research Assistant), Nicholas Armijo, Gina Littlejohn, Sherri
Velez, Nicole Hannigan, Kathleen Hesse (Advocate Hospital, lllinois, USA, Study
Coordinator), Lucian Maidan (Dignity Health, Rancho Cordova, California, USA,
Principal Investigator), Geroge Luh (Dignity Health, Rancho Cordova, California, USA,
Sub-Investigator), Danielle Hornbuckle, Sharon Bluemel (Dignity Health, Rancho
Cordova, California, USA, Study Coordinator), Jose Luis Caniego (Hospital de la
Princesa, Madrid, ES, Principal Investigator), Juan Vega, Rafael Gonzalez (Hospital
de la Princesa, Madrid, ES, Sub-Investigator), Conrad Liang (Kaiser Fontana Medical
Center, Fontana, California, USA, Principal Investigator), Mazen Noufal, Valerie

Wyman (Kaiser Fontana Medical Center, Fontana, California, USA, Sub-Investigator),
Ashima Sharma, Vanessa Audea (Kaiser Fontana Medical Center, Fontana, California,
USA, Study Coordinator), Ali Malek (St. Mary’s Medical Center, USA, Principal
Investigator), Nils Mueller-Kronast, Dennys Reyes (St. Mary’s Medical Center, USA,
Sub-Investigator), Juan Ramos, Muneer Hassan (St. Mary’s Medical Center, USA,
Neuro Hospitalist), Jennafer Hallquist (St. Mary’s Medical Center, USA, Neuro
Manager), Natasha Molina, Sandra Ripper-Brown, Charity Denson (St. Mary’s
Medical Center, USA, APRN), Marianne Torres-Malaga (St. Mary’s Medical Center,
USA, Study Coordinator), Fawaz Al-Mufti (Westchester Medical Center, Valhalla, New
York, USA, Principal Investigator), Chirag Ghandhi, Justin Santarelli, Gurmeen Kaur,
Christeena Kurian (Westchester Medical Center, Valhalla, New York, USA,
Sub-Investigator), Jared Cooper, Haris Kamal, Katarina Dakay (Westchester Medical
Center, Valhalla, New York, USA, Fellow), Divya Viswanathan (Westchester Medical
Center, Valhalla, New York, USA, Physician Assistant), Monique Carrero-Tagle, Kevin
Clare, Bridget Nolan (Westchester Medical Center, Valhalla, New York, USA, Study
Coordinator), Lucas Elijovich (Semmes Murphey Foundation, Memphis, Tennessee,
USA, Principal Investigator), Adam Arthur, Daniel Hoit, Violiza Inoa, Christopher
Nickele, David Dornbos, Nitin Goyal, Jeremy Peterson, Radmehr Torabi, Daniel
Heiferman, Kendrick Johnson (Semmes Murphey Foundation, Memphis, Tennessee,
USA, Sub-Investigator), Stephanie Wilson (Semmes Murphey Foundation, Memphis,
Tennessee, USA, Nurse Practitioner), Nickalus Khan (Semmes Murphey Foundation,
Memphis, Tennessee, USA, Resident), Amanda Nolte, Stephanie Corder, Valorie
Horner, Kamal Lotay, Jessica Ward, Kaylah Payne, Nadeen Elayan (Semmes
Murphey Foundation, Memphis, Tennessee, USA, Study Coordinator), Stefan Rohde
(Klinikum Dortmund, Dortmund, DE, Principal Investigator), Olaf Adamczewski,
Stephan Schwarz, Gernot Reimann, Rachid EI Mouden, Ines Gaedke (Klinikum
Dortmund, Dortmund, DE, Sub-Investigator), Kristina Hauptmann (Klinikum
Dortmund, Dortmund, DE, Study Coordinator), Torsten Déring, Bettina Zoeller
(Klinikum Dortmund, Dortmund, DE, Image Upload), Paolo Machi (HUG Geneva, CH,
Principal Investigator), Gianmarco Bernava, Andrea Rosi, Jeremy Hofmeister (HUG
Geneva, CH, Sub-Investigator), Michel Muster (HUG Geneva, CH, Study Coordinator),
Malvina Destro (HUG Geneva, CH, Clinical Research Assistant), Hoang Duong,
Andrey Lima, Brijesh Mehta (Memorial Healthcare System, Hollywood, Florida, USA,
Principal Investigator), Doris Alaby (Memorial Healthcare System, Hollywood,
Florida, USA, Research Director), Joy Sessa (Memorial Healthcare System,
Hollywood, Florida, USA, RN), Viviane Kleva (Memorial Healthcare System,
Hollywood, Florida, USA, Financial Manager), Erum Usman, Pamela Shaw, Jill
Granado (Memorial Healthcare System, Hollywood, Florida, USA, Study Coordinator),
Muhammad Tagi (Los Robles Regional Medical Center, Thousand Oaks, California,
USA, Principal Investigator), Nicole Mercado, Anastasia Vechera (Los Robles
Regional Medical Center, Thousand Oaks, California, USA, Study Coordinator),
Ameer Hassan (Valley Baptist Harlingen, Harlingen, Texas, USA, Principal
Investigator), Wondwossen Tekle (Valley Baptist Harlingen, Harlingen, Texas, USA,
Sub-Investigator), Lee Ann Dials, Rosemary DeLeon, Pualani Smith (Valley Baptist
Harlingen, Harlingen, Texas, USA, Study Coordinator), Roberto Menozzi (Azienda
Ospedaliero-Universitaria di Parma, Parma, IT, Principal Investigator), Enrico Epifani,
Andrea Andreone, Matteo Fantoni (Azienda Ospedaliero-Universitaria di Parma,
Parma, IT, Sub-Investigator), Ignazio Vallone (Azienda Ospedaliera Universitaria le
scotte, Siena, IT, Principal Investigator), Sandra Bracco, Paola Gennari (Azienda
Ospedaliera Universitaria le scotte, Siena, IT, Sub-Investigator), Alejandro Tomasello
(Hospital Vall d’Hebron, Barcelona, ES, Principal Investigator), David Hernandez,
Manuel Requena, Carlos Pifiana, Marc Rib6 Ribd (Hospital Vall d’Hebron, Barcelona,
ES, Sub-Investigator), Eila Rivera (Hospital Vall d’Hebron, Barcelona, ES, Study
Coordinator), Guillaume Saliou (Centre Hospitalier Universitaire Vaudois, Lusanne,
Switzerland, Principal Investigator), Francesco Puccinelli, Bruno Bartolini, Steven
Hajdu (Centre Hospitalier Universitaire Vaudois, Lusanne, Switzerland, Sub-
Investigator), Enrico Cotroneo (Azienda Ospedaliera San Camillo Forlanini, Rome, IT,
Principal Investigator), Andrea Vallone, Enrico Pampana, Sebastiano Fabiano, Luca
Bertaccini (Azienda Ospedaliera San Camillo Forlanini, Rome, IT, Sub-Investigator),
Elad Levy (Buffalo University, Buffalo, New York, USA, Principal Investigator), Adnan
Siddiqui, Kenneth Snyder, Jason Davies (Buffalo University, Buffalo, New York, USA,
Sub-Investigator), Jennifer Gay (Buffalo University, Buffalo, New York, USA,
Regulatory Specialist), Mary Hartney, Staci Smith, Jonna Sakowski, Caitlin Sprole,
Shelby Halm (Buffalo University, Buffalo, New York, USA, Study Coordinator),
Stavropoula Tjoumakaris (Thomas Jefferson University, Philadelphia, Pennsylvania,
USA, Principal Investigator), Pascal Jabbour, Michael Reid Gooch, Nabeel Herial,
Robert Rosenwasser (Thomas Jefferson University, Philadelphia, Pennsylvania, USA,
Sub-Investigator), Viola Dallas, Nadirah Jones (Thomas Jefferson University,
Philadelphia, Pennsylvania, USA, Study Coordinator), Jeffery Wilseck (William
Beaumont Hospital, Royal Oak, Michigan, USA, Principal Investigator), Chris
Kazmierczak (William Beaumont Hospital, Royal Oak, Michigan, USA, Sub-
Investigator), Karen Sherer, Grace San Agustin, Pamela Sloan (William Beaumont

Molaie A, et al. BMJ Surg Interv Health Technologies 2025;7:€000345. doi:10.1136/bmisit-2024-000345



Hospital, Royal Oak, Michigan, USA, Study Coordinator), Andrew Ku (Allegheny
General Hospital, Pittsburgh, Pennsylvania, USA, Principal Investigator), Jonathan
Pace (Allegheny General Hospital, Pittsburgh, Pennsylvania, USA, Sub-Investigator),
Laurie Dennis, Pamela White (Allegheny General Hospital, Pittsburgh, Pennsylvania,
USA, Regulatory Coordinator), Mary Fetter, Emily Shank (Allegheny General Hospital,
Pittsburgh, Pennsylvania, USA, Study Coordinator), Michael Abraham (Research
Institute, University of Kansas Medical Center, Kansas City, Kansas, USA, Principal
Investigator), John Ernest Madarang, Alan Reeves, Koji Ebersole (Research Institute,
University of Kansas Medical Center, Kansas City, Kansas, USA, Sub-Investigator),
Carissa Walter, Angie Barton, Sonia McCoy, Gentry Fowler, Peyton Ackerman
(Research Institute, University of Kansas Medical Center, Kansas City, Kansas, USA,
Study Coordinator), Mohamed Teleb (Banner Desert Medical Center, Mesa, Arizona,
USA, Principal Investigator), Joel Stary (Banner Desert Medical Center, Mesa,
Arizona, USA, Sub-Investigator), Anna VerHage, Kirstyn Andrade Hayes, Megan
Smith, Jennifer Jones Berry (Banner Desert Medical Center, Mesa, Arizona, USA,
Nurse Practitioner), Stephanie Blythe, Robert Flynn (Banner Desert Medical Center,
Mesa, Arizona, USA, Study Coordinator), Jenny Maxon, Doaa Abdelmoety (Banner
Desert Medical Center, Mesa, Arizona, USA, Regulatory Coordinator), Shuichi Suzuki
(UC Irvine, Irvine, California, USA, Principal Investigator), Kiarash Golshani, Ichiro
Yuki (UC Irvine, Irvine, California, USA, Sub-Investigator), Jeein Kim, Chris Nishi (UC
Irvine, Irvine, California, USA, Study Coordinator), Andrés Gonzalez-Mandly (Hospital
Universitario Marqués de Valdecilla, Santander, ES, Principal Investigator), Alberto
Gil Garcia, Enrique Palacio (Hospital Universitario Marqués de Valdecilla, Santander,
ES, Sub-Investigator), Xavier Barreau (CHU Pellegrin Service de Radiologie et de
Neuro-Imagerie, Bordeaux, FR, Principal Investigator), Jérome Berge, Gaultier
Marnat, Patrice Menegon, Florent Gariel, Nicolas Pangon (CHU Pellegrin Service de
Radiologie et de Neuro-Imagerie, Bordeaux, FR, Sub-Investigator), Tristan Kerdraon
(CHU Pellegrin Service de Radiologie et de Neuro-Imagerie, Bordeaux, FR, Study
Coordinator), Anmar Razak (Sparrow Clinical Research Institute, Lansing, Michigan,
USA, Principal Investigator), Yogesh Guijrati, Muhammad Saleemi (Sparrow Clinical
Research Institute, Lansing, Michigan, USA, Sub-Investigator), Janelle Dreffs,
Sandra Mitchell, Jennifer Boak, Lonna Blaske (Sparrow Clinical Research Institute,
Lansing, Michigan, USA, Study Coordinator), Jacki Wilson (Sparrow Clinical
Research Institute, Lansing, Michigan, USA, Regulatory Coordinator), David Siker
(Legacy Emanuel Medical Center, Portland, Oregon, USA, Principal Investigator),
Karla Kummer (Legacy Emanuel Medical Center, Portland, Oregon, USA, Study
Coordinator), Laura Allen (Legacy Emanuel Medical Center, Portland, Oregon, USA,
Regulatory Coordinator), Amin Aghaebrahim (Baptist Jacksonville, Jacksonville,
Florida, USA, Principal Investigator), Ricardo Hanel, Eric Sauvageau (Baptist
Jacksonville, Jacksonville, Florida, USA, Sub-Investigator), Vickie Melton, Nancy
Ebreo, LaNaya Lewis, Miranda Smudzinski, Gina Munden (Baptist Jacksonville,
Jacksonville, Florida, USA, Study Coordinator), Carrie Thornton, Claire Richardson,
Alyssa Ruckel (Baptist Jacksonville, Jacksonville, Florida, USA, Regulatory
Coordinator), Maxim Mokin (University of S. Florida/Tampa General, Florida, USA,

Principal Investigator), Waldo Guerrero, Shail Thanki, Kunal Vakharia (University of S.

Florida/Tampa General, Florida, USA, Sub-Investigator), Amy DeNardo, Jordan
Nickels (University of S. Florida/Tampa General, Florida, USA, Study Coordinator),
Rachel Karlnoski (University of S. Florida/Tampa General, Florida, USA, Regulatory
Coordinator), Robert Dodd (Stanford, Stanford, California, USA, Principal
Investigator), Nick Telischak, Huy Do (Stanford, Stanford, California, USA,
Sub-Investigator), Anthony Bet (Stanford, Stanford, California, USA, Study
Coordinator), Xavier Barreau (CHU Pellegrin Service de Radiologie et de Neuro-
Imagerie, Bordeaux, FR, Principal Investigator), Jérome Berge, Gaultier Marnat,
Patrice Menegon, Florent Gariel, Nicolas Pangon (CHU Pellegrin Service de
Radiologie et de Neuro-Imagerie, Bordeaux, FR, Sub-Investigator), Tristan Kerdraon
(CHU Pellegrin Service de Radiologie et de Neuro-Imagerie, Bordeaux, FR, Study
Coordinator), Ralf Siekmann (Klinikum Kassel, Institut fiir Neuroradiologie, Kassel,
DE, Principal Investigator), Kai Koller, Monika Huegens-Penzel (Klinikum Kassel,
Institut fiir Neuroradiologie, Kassel, DE, Sub-Investigator), Tanja Reuter, Frank
Liickert (Klinikum Kassel, Institut fiir Neuroradiologie, Kassel, DE, Study
Coordinator), Thomas Liebig (Klinikum LMU Miinchen, Munich, DE, Principal
Investigator), Robert Forbrig, Yigit Ozpeynirci, Christoph Trumm, Christian Brem
(Klinikum LMU Miinchen, Munich, DE, Sub-Investigator), Andrea Jager (Klinikum
LMU Miinchen, Munich, DE, Study Coordinator), Alberto Maud, Gustavo Rodriguez
(University Medical Center, El Paso, Texas, USA, Principal Investigator), Faheem
Sherriff, Ofelia Portillo (University Medical Center, El Paso, Texas, USA, Sub-
Investigator), Israel Alba (University Medical Center, El Paso, Texas, USA, Study
Coordinator), Ronald Budzik (Riverside Methodist — OHRI, Columbus, Ohio, USA,
Principal Investigator), Nirav Vora, Peter Pema, Abdulnasser Alhajeri (Riverside
Methodist — OHRI, Columbus, Ohio, USA, Sub-Investigator), Megan Heckathorne,
Katy Groezinger, Heather Bartelt (Riverside Methodist — OHRI, Columbus, Ohio, USA,
Study Coordinator), Morgan Davis, Diane Goodman, Laura Geran (Riverside

Methodist — OHRI, Columbus, Ohio, USA, Regulatory Coordinator), Jasmeet Singh
(University of Massachusetts, Worcester, Massachusetts, USA, Principal
Investigator), Francesco Massari, Anna Kuhn (University of Massachusetts,
Worcester, Massachusetts, USA, Sub-Investigator), Noelle Bodkin, Baaba Baiden
(University of Massachusetts, Worcester, Massachusetts, USA, Study Coordinator),
Ahmed Cheema, Andrew Bauer (University of Oklahoma Medical Center, Oklahoma,
USA, Principal Investigator), Hakeem Shakir (University of Oklahoma Medical Center,
Oklahoma, USA, Sub-Investigator), April Vaughan, Zainab Al Obaidi, Blair Apple
(University of Oklahoma Medical Center, Oklahoma, USA, Study Coordinator),
Kyriakos Lobotesis (Imperial College Healthcare NHS Trust Charing Cross Hospital,
London, UK, Principal Investigator), Abhinav Singh, Neil Rane, Dylan Roi, Gavin
Fatania (Imperial College Healthcare NHS Trust Charing Cross Hospital, London, UK,
Sub-Investigator), Sarah Cardona, Tina Stoycheva (Imperial College Healthcare NHS
Trust Charing Cross Hospital, London, UK, Study Coordinator), Lesley Honeyfield
(Imperial College Healthcare NHS Trust Charing Cross Hospital, London, UK,
Regulatory Coordinator), Chrysanthi Papagiannaki (CHU Rouen “Charles Nicolle”,
Rouen, FR, Principal Investigator), Margaux Lefebvre (CHU Rouen “Charles Nicolle”,
Rouen, FR, Sub-Investigator), Sebastien Normant (CHU Rouen “Charles Nicolle”,
Rouen, FR, Study Coordinator).

Contributors Drafting of the manuscript: AM, DL and RG. Critical revisions of
the manuscript: AM, SM, BN, AMS, CL, MMG, RAMcT, LD, PV, 00Z, MM and RG.
Conception and design: AM, DL and RG. Acquisition, analysis, interpretation of
data: AM, DL, RG and PJ. All authors issued a final approval of the version to be
published. DSL is responsible for the overall content as the guarantor.

Funding The ASSIST Registry was sponsored and funded by Stryker
Neurovascular. Editorial assistance in formatting, proofreading, copy editing, and
fact checking was provided by Stryker Neurovascular. Author PJ, a consultant for
Stryker Neurovascular, reviewed and edited the manuscript for scientific accuracy.

Competing interests DL is an editorial board member for BMJ SIT. RG serves as
Principal Investigator (PI) for the ASSIST Registry (Stryker), Pl for the RECCLAIM

Il Study (Zoll), Clinical Events Committee (CEC) for the MIND Trial (Penumbra),
Data Safety Monitoring Board (DSMB) Membrane Study (Cerenovus), ELEVATE
Study (Medtronic) consultant and stock options for Vesalio, Rapid Medical. AM
serves as a consultant for Stryker. AMS received research grants from Penumbra,
Stryker, Medtronic, Avail, Rapid Al, Brain Aneurysm Foundation, consultant

for Penumbra, Stryker, Terumo, RAPID Al, DSMB Brain Aneurysm Foundation,
Stock options for Avail. CL is a consultant for Penumbra, Phenox, Stryker. DV
received a research grant from Microvention, is a consultant for Medtronic and
receives payment or honoraria for lectures from Cerenovus, travel support from
Microvention and Medtronic. LD is a consultant for Stryker. PJ is a consultant for
Stryker. LD is a consultant for Cerenovus, Genentech, Medtronic, Rapid Medical,
Stryker and Vesalio. MM receives research grants from Acandis, Balt, Medtronic,
Microvention, Phenox, Stryker* (*industry payments are made to the research
fund of the institution), receives payment or honoraria for lectures from Balt,
Medtronic, Stryker* (*industry payments are made to the research fund of the
institution).

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by the
institutional review board at each of the participating centres in the multicentre
registry. WellStar Health System/Kennestone Hospital ‘Western Institutional Review
Board Puyallup, WA" Work Order Number: 1-1427195-1; IRB Tracking: 20191803.
Participants gave informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. The data
supporting the findings of this study areavailable on reasonable request.

Open access This is an open access article distributed in accordance with

the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided the
original work is properly cited, appropriate credit is given, any changes made
indicated, and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/.

ORCID iDs

Mario Martinez-Galdamez http://orcid.org/0000-0002-8024-4712
Luc Defreyne http://orcid.org/0000-0001-5814-2798

Pedro Vega http://orcid.org/0000-0002-7446-4540

Osama 0 Zaidat http://orcid.org/0000-0003-4881-4698

David S Liebeskind http://orcid.org/0000-0002-5109-8736

8 Molaie A, et al. BMJ Surg Interv Health Technologies 2025;7:€000345. doi:10.1136/bmijsit-2024-000345


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-8024-4712
http://orcid.org/0000-0001-5814-2798
http://orcid.org/0000-0002-7446-4540
http://orcid.org/0000-0003-4881-4698
http://orcid.org/0000-0002-5109-8736

REF
1

ERENCES

Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines for the
Early Management of Patients With Acute Ischemic Stroke: 2019
Update to the 2018 Guidelines for the Early Management of Acute
Ischemic Stroke: A Guideline for Healthcare Professionals From the
American Heart Association/American Stroke Association. Stroke
2019;50:€344-418.

Goyal M, Menon BK, van Zwam WH, et al. Endovascular
thrombectomy after large-vessel ischaemic stroke: a meta-analysis
of individual patient data from five randomised trials. The Lancet
2016;387:1723-31.

Goyal M. Poor clinical outcome despite successful arterial
recanalization. What went wrong? How can we do better?
Neuroradiology 2010;52:341-3.

Liebeskind DS, Bracard S, Guillemin F, et al. eTICI reperfusion:
defining success in endovascular stroke therapy. J Neurointerv Surg
2019;11:433-8.

Behme D, Tsogkas |, Colla R, et al. Validation of the extended
thrombolysis in cerebral infarction score in a real world cohort. PLoS
One 2019;14:e0210334.

Kurmann CC, Mujanovic A, Piechowiak El, et al. Heterogeneity of the
Relative Benefits of TICI 2¢/3 over TICI 2b50/2b67: Are there Patients
who are less Likely to Benefit? Clin Neuroradiol 2022;32:817-27.
Wong GJ, Yoo B, Liebeskind D, et al. Frequency, Determinants,

and Outcomes of Emboli to Distal and New Territories Related

to Mechanical Thrombectomy for Acute Ischemic Stroke. Stroke
2021;52:2241-9.

Qureshi Al, Asif A, Aytac E, et al. Preprocedure Intravenous
Recombinant Tissue Plasminogen Activator and Risk of Distal
Embolization with Thrombectomy in Acute Ischemic Stroke. J Stroke
Cerebrovasc Dis 2019;28:104362.

Nie X, Leng X, Miao Z, et al. Clinically Ineffective Reperfusion

After Endovascular Therapy in Acute Ischemic Stroke. Stroke
2023;54:873-81.

Cimflova P, Singh N, Kappelhof M, et al. Effect of incomplete
reperfusion patterns on clinical outcome: insights from the ESCAPE-
NAT1 trial. J Neurointerv Surg 2024;16:809-14.

Zhang Y, Jiang M, Gao Y, et al. “No-reflow” phenomenon in acute
ischemic stroke. J Cereb Blood Flow Metab 2024;44:19-37.
Yedavalli VS, Koneru M, Hoseinyazdi M, et al. Prolonged venous
transit on perfusion imaging is associated with higher odds of
mortality in successfully reperfused patients with large vessel
occlusion stroke. J Neurolntervent Surg 2025;17:321-6.

Bala F, Kappelhof M, Ospel JM, et al. Distal Embolization in Relation
to Radiological Thrombus Characteristics, Treatment Details, and
Functional Outcome. Stroke 2023;54:448-56.

Sperring CP, Savage WM, Argenziano MG, et al. No-Reflow
Post-Recanalization in Acute Ischemic Stroke: Mechanisms,
Measurements, and Molecular Markers. Stroke 2023;54:2472-80.
Gupta R, Miralbés S, Calleja Bonilla A, et al. Technique and impact
on first pass effect primary results of the ASSIST global registry.

J Neurolntervent Surg 2025;17:128-38.

Rizvi A, Seyedsaadat SM, Murad MH, et al. Redefining “success”: a
systematic review and meta-analysis comparing outcomes between
incomplete and complete revascularization. J Neurointerv Surg
2019;11:9-13.

17

20

21

22

23

24

25

26

27

28

29

30

31

32

Ter Schiphorst A, Charron S, Hassen WB, et al. Tissue no-reflow
despite full recanalization following thrombectomy for anterior
circulation stroke with proximal occlusion: A clinical study. J Cereb
Blood Flow Metab 2021;41:253-66.

Rubiera M, Garcia-Tornel A, Olivé-Gadea M, et al. Computed
Tomography Perfusion After Thrombectomy: An Immediate Surrogate
Marker of Outcome After Recanalization in Acute Stroke. Stroke
2020;51:1736-42.

Ng FC, Churilov L, Yassi N, et al. Prevalence and Significance of
Impaired Microvascular Tissue Reperfusion Despite Macrovascular
Angiographic Reperfusion (No-Reflow). Neurology (ECronicon)
2022;98:€790-801.

Rosso C, Belkacem S, Amor-Sahli M, et al. Persistent perfusion
abnormalities at day 1 correspond to different clinical trajectories
after stroke. J Neurointerv Surg 2023;15:e26-32.

van der Knaap N, Franx BAA, Majoie CBLM, et al. Implications of
Post-recanalization Perfusion Deficit After Acute Ischemic Stroke: a
Scoping Review of Clinical and Preclinical Imaging Studies. Trans/
Stroke Res 2024;15:179-94.

Schiphorst A ter, Turc G, Hassen WB, et al. Incidence, severity

and impact on functional outcome of persistent hypoperfusion
despite large-vessel recanalization, a potential marker of impaired
microvascular reperfusion: Systematic review of the clinical literature.
J Cereb Blood Flow Metab 2024;44:38-49.

Nicolini E, lacobucci M, De Michele M, et al. No-reflow phenomenon
in acute ischemic stroke: an angiographic evaluation. Neurol Sci
2023;44:3939-48.

Al-Ali F, Tomsick TA, Connors JJ llI, et al. Capillary Index Score

in the Interventional Management of Stroke Trials | and II. Stroke
2014;45:1999-2003.

Arsava EM, Arat A, Topcuoglu MA, et al. Angiographic
Microcirculatory Obstructions Distal to Occlusion Signify Poor
Outcome after Endovascular Treatment for Acute Ischemic Stroke.
Transl Stroke Res 2018;9:44-50.

Kaesmacher J, Dobrocky T, Heldner MR, et al. Systematic review and
meta-analysis on outcome differences among patients with TICI2b
versus TICI3 reperfusions: success revisited. J Neurol Neurosurg
Psychiatry 2018;89:910-7.

Stokum JA, Gerzanich V, Simard JM. Molecular pathophysiology of
cerebral edema. J Cereb Blood Flow Metab 2016;36:513-38.
Zhang S, Lai Y, Ding X, et al. Absent Filling of Ipsilateral Superficial
Middle Cerebral Vein Is Associated With Poor Outcome After
Reperfusion Therapy. Stroke 2017;48:907-14.

Faizy TD, Kabiri R, Christensen S, et al. Venous Outflow Profiles Are
Linked to Cerebral Edema Formation at Noncontrast Head CT after
Treatment in Acute Ischemic Stroke Regardless of Collateral Vessel
Status at CT Angiography. Radiology 2021;299:682-90.

Heitkamp C, Winkelmeier L, Heit JJ, et al. Unfavorable cerebral
venous outflow is associated with futile recanalization in acute
ischemic stroke patients. Eur J Neurol 2023;30:2684-92.

Yedavalli VS, Koneru M, Hoseinyazdi M, et al. Prolonged venous
transit on perfusion imaging is associated with higher odds of
mortality in successfully reperfused patients with large vessel
occlusion stroke. J Neurointerv Surg 2025;17:321-6.

Aboul-Nour H, Dolia J, Tarek MA, et al. Competitive leptomeningeal
flow impact on thrombectomy reperfusion grade rating. J Neurointerv
Surg 2024;doi:jnis-2023-021268.

Molaie A, et al. BMJ Surg Interv Health Technologies 2025;7:€000345. doi:10.1136/bmisit-2024-000345


http://dx.doi.org/10.1161/STR.0000000000000211
http://dx.doi.org/10.1016/S0140-6736(16)00163-X
http://dx.doi.org/10.1007/s00234-009-0636-2
http://dx.doi.org/10.1136/neurintsurg-2018-014127
http://dx.doi.org/10.1371/journal.pone.0210334
http://dx.doi.org/10.1371/journal.pone.0210334
http://dx.doi.org/10.1007/s00062-021-01131-0
http://dx.doi.org/10.1161/STROKEAHA.120.033377
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2019.104362
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2019.104362
http://dx.doi.org/10.1161/STROKEAHA.122.038466
http://dx.doi.org/10.1136/jnis-2023-020553
http://dx.doi.org/10.1177/0271678X231208476
http://dx.doi.org/10.1136/jnis-2024-021488
http://dx.doi.org/10.1161/STROKEAHA.122.040542
http://dx.doi.org/10.1161/STROKEAHA.123.044240
http://dx.doi.org/10.1136/jnis-2023-021126
http://dx.doi.org/10.1136/jnis-2023-021126
http://dx.doi.org/10.1136/neurintsurg-2018-013950
http://dx.doi.org/10.1177/0271678X20954929
http://dx.doi.org/10.1177/0271678X20954929
http://dx.doi.org/10.1161/STROKEAHA.120.029212
http://dx.doi.org/10.1212/WNL.0000000000013210
http://dx.doi.org/10.1136/neurintsurg-2022-018953
http://dx.doi.org/10.1007/s12975-022-01120-6
http://dx.doi.org/10.1007/s12975-022-01120-6
http://dx.doi.org/10.1177/0271678X231209069
http://dx.doi.org/10.1007/s10072-023-06879-6
http://dx.doi.org/10.1161/STROKEAHA.114.005304
http://dx.doi.org/10.1007/s12975-017-0562-2
http://dx.doi.org/10.1136/jnnp-2017-317602
http://dx.doi.org/10.1136/jnnp-2017-317602
http://dx.doi.org/10.1177/0271678X15617172
http://dx.doi.org/10.1161/STROKEAHA.116.016174
http://dx.doi.org/10.1148/radiol.2021203651
http://dx.doi.org/10.1111/ene.15898
http://dx.doi.org/10.1136/jnis-2024-021488
http://dx.doi.org/10.1136/jnis-2023-021268
http://dx.doi.org/10.1136/jnis-2023-021268

	Incomplete reperfusion and the presence of distal emboli in predicting clinical outcome after endovascular ﻿
﻿thrombectomy
	Abstract
	Introduction﻿﻿
	Methods
	Study description

	Results
	Discussion
	Conclusion
	References


