Open access

SVN

Stroke & Vascular Neurology

To cite: Tan ZF, Zhang L,

Huang Ln, et al. Thrombus
migration in patients with acute
ischaemic stroke undergoing
endovascular thrombectomy.
Stroke & Vascular Neurology
2023;0. doi:10.1136/svn-2022-
002257

» Additional supplemental

material is published online only.

To view, please visit the journal
online (http://dx.doi.org/10.
1136/svn-2022-002257).

Received 20 December 2022
Accepted 12 April 2023

| '.) Check for updates

© Author(s) (or their
employer(s)) 2023. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Anding Xu; tlil@jnu.edu.cn

Original research

Thrombus migration in patients with
acute ischaemic stroke undergoing
endovascular thrombectomy

ZeFeng Tan @ "2 Lei Zhang

.2 Li'an Huang,? Hongyu Qiao,?> Min Guan,?

Bing Yang,? Pengfei Yang,® Yongwei Zhang,® Hongjian Shen,® Yu Zhou,® Bo Hong,®

Huaizhang Shi,* Hongxing Han,’ Xinyi Leng
29 Jianmin Liu®

Wenhuo Chen,? Anding Xu

ABSTRACT

Objective The impact of thrombus migration (TM) prior
to endovascular thrombectomy (EVT) on clinical outcomes
and revascularisation rates remains unknown. We aimed
to examine whether preinterventional TM modifies the
treatment effects of direct EVT versus bridging EVT in acute
large vessel occlusion patients.

Methods All patients undergoing catheter angiography in the
Direct Intra-arterial thrombectomy in order to Revascularise
acute ischaemic stroke patients with large vessel occlusion
Efficiently in Chinese Tertiary hospitals: A Multicentre
randomised clinical Trial were included. TM was determined by
radiologists unaware of the study by analysing discrepancies
between computed tomographic angiography at baseline

and first-run digital subtraction angiography before EVT. The
primary outcome was the score on the modified Rankin scale
(mRS) assessed at 90 days.

Results 0f 627 included patients, the TM rate was 11.3%
(71/627). In the multivariable logistic regression model,
baseline National Institutes of Health Stroke Scale score
(adjusted OR 0.956, 95% Cl 0.916 to 0.999; p=0.043)

and intravenous thrombolysis (adjusted OR 2.614, 95% Cl
1.514 t0 4.514; p<0.001) were independently associated
with TM. The patients with TM were less likely to be
completely recanalised than those without TM (21.27%

vs 36.23%, p=0.040). The interaction of TM and the EVT
treatment effect did not significantly affect mRS shift
analysis (p=0.687) or mRS scores of 0 to 1 (p=0.436).
Gonclusion Preinterventional TM does not modify

the treatment effects of direct versus bridging EVT on
functional outcomes in patients with acute ischaemic
stroke with anterior large vessel occlusion. TM leads to a
lower complete recanalisation rate.

Trial registration number

INTRODUCTION

Thrombus migration (TM) was commonly
seen in intravenous thrombolysis (IVT) patients
with large vessel occlusion (LVO) and was also
confirmed in the vivo model.' ? Preinterven-
tional TM was also reported to be prevalent
between 17% and 30% in individuals treated
with endovascular thrombectomy (EVT) el
However, the data from previous studies were
mainly derived from the relatively small scale of

YiDong @ ,” Changlin Lian,’

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Uncertainties remain about whether thrombus
migration (TM) modify the effect of intravenous
alteplase prior to thrombectomy in patients with an-
terior circulation large vessel occlusion.

WHAT THIS STUDY ADDS

= After adjustment for potential confounders, preinter-
ventional TM does not modify the treatment effect
on functional outcomes in patients with acute isch-
aemic stroke (AIS) who underwent thrombectomy.
TM leads to a lower complete recanalisation rate.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study found no evidence of preinterventional TM
modify the treatment effect on functional outcomes

in patients with AIS who underwent thrombectomy.

single-centre cohort studies. The disintegration
of a pre-existing clot, whether postthrombolysis
or not, might increase the challenge in EVT
procedure. A migrated clot in a distal vessel
may make the EVT procedure more complex
and thus affect successful recanalisation. When
thrombus fragments migrate to more than one
location, retrieving all the clots might also cost
more time. However, the association between
printerventional TM and clinical outcomes
remains uncertain.

We aimed to explore whether preinterven-
tional TM affects successful EVT and modify
clinical outcomes using data from the ‘Direct
Intra-arterial thrombectomy in order to Revascu-
larise acute ischaemic stroke patients with large
vessel occlusion Efficiently in Chinese Tertiary
hospitals: A Multicentre randomised clinical
Trial (DIRECT-MT)’.®

MATERIALS AND METHODS

Study design and participants

DIRECT-MT trial was a multiple-centre,
randomised, open-label trial with blinded
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outcome assessment involving patients with acute
ischaemic stroke (AIS), which assessed whether direct
mechanical thrombectomy is non-inferior to intrave-
nous rt-PA combined with mechanical thrombectomy
in patients with large vascular occlusion of the anterior
circulation (ClinicalTrials.gov Identifier: NCT03469206).
We conducted a post hoc analysis based on DIRECT-MT
database.

The methods and results of the DIRECT-MT trial have
been reported.®” Briefly, patients in the DIRECT-MT trial
who met the following inclusion criteria were included:
(1) they had AIS with anterior LVO (within 4.5hours
after symptom onset), (2) had undergone catheter angi-
ography in the DIRECT-MT trial and (3) had complete
imaging data, including a baseline CT angiography
(CTA), a first-run digital subtraction angiography (DSA)
before thrombectomy, final post-EVT angiography images
and follow-up images.

For patients with tandem lesions, no specific EVT proce-
dure was recommended in the protocol of the DIRECT
MT trial and the appropriate procedure was left to the
clinician’s discretion.

Assessment of TM

For all included patients, we recorded CTA images
(including a thin slice series) at baseline and the first
DSA run before EVT. The site of thrombus on CTA
and DSA and the occurrence of TM were evaluated by
trained radiologists or qualified personnel in the core
lab of the DIRECT MT trial.” For discrepancies between
the two readers, another neurologist with neuroimaging
expertise, re-evaluated the images and helped reach a
consensus. Detailed information on image evaluation was
published in the protocol and online supplemental file of
the DIRECT-MT trial (online supplemental file 3).**

The initial location of the thrombus was determined
based on the baseline CTA findings before the patient was
enrolled. The position of the thrombus was categorised
into different groups based on its location in the cerebral
circulation, including the internal carotid artery (ICA);
proximal middle cerebral artery (MCA) M1 segment;
distal MCA M1, M2, M3, M4 or M5 segment; anterior
cerebral artery (ACA), and segments Al and A2. Of note,
M1 segment of MCA was defined as the origin of MCA
to the bifurcation/trifurcation or the genu adjacent to
the limen insulae.” The length of MCA-M1 was measured
from the M1 portion of MCA, which was defined as the
segment between the ACA-MCA bifurcation point and
the MCA -M2 bifurcation point or the genu adjacent to
the limen insulae. MCA-M1 was dichotomised into prox-
imal and distal at the midpoint of the course. The distal
end of M1 segment refers to either of two locations: (1)
at the genu adjacent to the limen insulae or (2) at the
main bifurcation. Tandem lesions refer to simultaneous
stenosis of the cervical and intracranial internal carotid
arteries (or M1 segment of MCA). TM was defined as a
thrombus moving from one segment to another down-
stream segment. Based on data from DIRECT MT trial,

99% of ICA thrombi at baseline were in the distal segment;
therefore, this study did not define thrombus movement
within the ICA as TM. According to the presence of TM,
the patients were divided into two groups: TM groups and
non-TM groups. A migrated thrombus beyond the distal
end of the M1 segment or in ACA was designated a ‘distal
TM (DTM)’. When thrombus fragments migrate to more
than one location, the most proximal location is defined
as the location of the thrombus.

Outcomes

The primary outcome was measured by the modified
Rankin scale (mRS) assessed at 90 days. The secondary
outcome was a 90-day mRS score of 0-1, significant
neurological improvement (SNI), and an expanded
Thrombolysis In Cerebral Infarction scale (eTICI)
score on final angiography >2b. The SNI was defined
as an 8-point improvement on the National Institutes of
Health Stroke Scale (NITHSS) or an NIHSS score of 0 or
1 on day 7 or discharge. The secondary safety outcomes
included all-cause mortality, symptomatic intracranial
haemorrhage or asymptomatic ICH, arterial dissection,
embolism in new areas and EuroQol-5 Dimension scores.
Detailed descriptions of primary and secondary outcomes
and safety outcomes were provided in the DIRECT MT
protocol.9

Statistical analyses

Baseline characteristics and laboratory data according
to the presence or absence of TM before EVT were illus-
trated. Categorical variables in each group using the 2
test and continuous variables using the Student’s t-test.
We used univariable regression analysis to identify poten-
tial factors of TM. To obtain independent risk factors for
TM, we included variables with significant differences in
univariable regression analysis and other relevant vari-
ables (age, baseline NIHSS score, onset date of groin
puncture, occlusion site) in multiple regression analysis.
Missing data for baseline characteristics were imputed
with multiple imputations by fully conditional specifica-
tion regression for continuous variables or fully condi-
tional specification logistic regression for binary and
ordinal variables.

The Cochran-Mantel-Haenszel  tests
performed to compare the differences in the incidence
of TM and DTM between the thrombectomy-alone group
and the combination therapy group. We evaluated the
interaction between TM and treatments on the primary
outcome before and after adjusting for imbalances in
baseline important prognostic factors.

All analyses were then adjusted for certain variables in
the model: age, the baseline NIHSS score, the mRS score
before stroke onset, cerebral collateral status and the
time from stroke onset to randomisation.

A two-sided p<0.05 was considered statistically signif-
icant. All analyses were conducted using SPSS, V.22
(SPSS).

were  also
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Distribution of migrated thrombi in TM group

M Proximal M1 M Distal M M2 @ M3 EM4EMS HAL HA2

MIGRATED THROMBUS POSITION

11.80%

ICA Proximal M1

.40%
6.90%

Distal M1 M2

BASELINE THROMBUS POSTITION

Distribution of migrated thrombus by DSA (n)

Baseline thrombus position

(n) Proximal M1 Distal M1 M2 M3 M4 M5 Al A2
ICA(20) 10 3 3 2 2 0 0 0
Proximal M1(17) 2 10 5 0 0 0 0
Distal M1(29) 19 7 2 1 0 0
M2(2) 2 0 0 0 0

Figure 1 Trial flow diagram. DSA, digital subtraction angiography; ICA, internal carotid artery; TM, thrombi migration.

Data availability
Anonymised data will be shared by request from any qual-
ified investigator.

RESULTS

Patient characteristics

Opverall, 656 patients were enrolled in DIRECT-MT, 327
patients in the thrombectomy-alone group and 329
patients in the combination therapy group. Among them,
those who did not undergo catheter angiography, with
incomplete imaging data or lost to follow-up for other
reasons were excluded (figure 1). A total of 627 cases
were included in the subgroup analysis, including 310
cases in the thrombectomy-alone group and 317 cases in
the combination therapy group (figure 1). There are 12
patients developed reocclusion after EVT; however, a non-
significant difference was found between TM (1.41%)
and non-TM groups (1.98%) (p=1.000). (online supple-
mental table 1) The tandem lesion rate was 9.73% (61
cases), and no significant difference was found between
TM (11 cases) and non-TM group (50 cases) (15.49%
vs 8.99%, p=0.082, respectively) (online supplemental
table 2). The detailed baseline characteristics of the TM
subgroups are shown in table 1.

Incidence of TM and associated factors

TM rate in this study was 11.3% (71/627). The baseline
thrombus position and distribution of TM were illustrated
in figure 2. Most M1 thrombi (15, 88.2%) migrated to
the M2 or M3 segment. More than half of thrombi from
the ICA ended in the proximal M1 segment (50%) or the
distal bifurcation of the M1 segment (15%) (figure 2).

Patients with atrial fibrillation (33.80% vs 48.02%,
p=0.024) and those treated with IVT (70.42% vs 48.02%,
p<0.001) had a higher rate of TM (table 1). In the multi-
variable logistic regression model, baseline NIHSS score
(adjusted OR 0.956, 95% CI 0.916 to 0.999; p=0.043) and

IVT (adjusted OR 2.614, 95% CI 1.514 to 4.514; p<0.001)
were independently associated with TM (table 2).

TM and DTM with recanalisation

Patients with TM were less likely to have eTICI3 reperfu-
sion on the final angiogram (21.27% vs 36.23%, p=0.04),
and they had fewer attempts during the EVT procedure
(medians 1 vs 2, p<0.001) (table 1). Similarly, the eTICI3
recanalisation rate was significantly lower in the DTM

group (15.09%) than in the non-DTM group (33.27%)

(p=0.0065); the eTICI=2b recanalisation rate was also
lower in the DTM group (50.94%) than in the non-DTM
group (80.21%) (p<0.001) (online supplemental table

3).

Interaction between TM and successful recanalisation

Among patients with TM, a higher rate of successful
recanalisation (eTICI=2b) was observed in the bridging
group compared with EVT-only (89.4% vs 75.0%,
adjusted OR 0.190, 95% CI 0.037 to 0.965) (table 3).
Among patients without TM, successful recanalisa-
tion (eTICI>2b) did not differ significantly between
thrombectomy alone and combination therapy (OR
0.757, 95% CI 0.489 to 1.173) (table 3). However, TM
did not modify the rate of successful recanalisation (p

for interaction=0.259).
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Table 1 Baseline characteristics of patients by thrombus migration or non-thrombus migration
Characteristics TM (N=71) Non-TM (N=556) P value
Age (IQR) 66 (59-77) 70 (61-76) 0.321
Sex (male, %) 45 (63.38) 309 (55.58) 0.332
Baseline NIHSS score (IQR) 16 (12-21) 17 (13-22) 0.037
Medical history, n (%)
Hypertension 45 (63.38) 331 (59.53) 0.533
Diabetes mellitus 14 (19.72) 105 (18.88) 0.866
Atrial fibrillation 24 (33.80) 267 (48.02) 0.024
Previous ischaemic stroke 11 (15.49) 75 (13.49) 0.644
Cause of emboli, n (%) 0.108
Cardio embolic 25 (35.21) 255 (45.86)
Intracranial atherosclerosis 3(4.23) 41 (7.37)
Ipsilateral extracranial 11 (15.49) 50 (8.99)
Undetermined 32 (45.07) 210 (87.77)
Treatment with rtPA, n (%) 50 (70.42) 267 (48.02) <0.001
Procedure and median duration (minutes)
Hospital admission to CT 18 (7-28) 21 (12-32) 0.101
CT to groin puncture 72 (54-92) 64 (47-86) 0.063
Onset to groin puncture 202 (155-240) 205 (160-250) 0.717
Onset to rtpa 194 (142-232) 183 (135-224) 0.480
EVT procedure
Groin puncture to recanalisation 55 (38-85) 63 (43-95) 0.226
First-pass recanalisation 26 (38.24) 265 (47.66) 0.141
Stroke onset to recanalisation 271 (239, 320.5) 275 (225, 329) 0.911
eTIClI on final angiogram, n (%)
eTICI 3 10 (21.27) 192 (36.23) 0.040
eTICI>2b 57 (83.82) 449 (80.76) 0.498
Attempt times (N) 1 (0.00-2.00) 2 (1.00-3.00) <0.001

Data are n (%), mean (SD), or median (IQR).
First pass recanalisation: first attempt eTICI>2b.

AF, atrial fibrillationeTICI, The expanded treatment in cerebral infarction; EVT, endovascular thrombectomy; NIHSS, National Institutes of
Health Stroke Scale; rtPA, recombinant tissue plasminogen activator; TM, thrombus migration.

Interaction between TM and clinical outcome

Patients with TM had a similar distribution of mRS at 90
days compared with those without (adjusted OR 1.584,
95% CI 0.595 to 4.217 vs 1.111, 95% CI 0.827 to 1.473,
interaction p=0.687) (table 3). Among patients with
TM, favourable functional outcome (mRS 0-1) was no
significant difference between the thrombectomy-alone
group and combination therapy group (45.0% vs 25.0%,
adjusted OR 1.58, 95% CI 0.60 to 4.22), as well as in the
patients without TM (23.3% vs 21.0% adjusted OR 1.11,
95% CI 0.82 to 1.47) (table 3). There were similar Euro-
Qol-5 Dimension scores in both treatment groups among
patients with or without TM (table 3).

We also found no significant interaction between TM
and EVT treatment regimens on the safety outcomes (all-
cause mortality, symptomatic ICH, asymptomatic ICH,
embolism in a new area and vessel dissection; adjusted

p for the interaction=0.602, 0.127, 0.054, 0.951 and
0.998, respectively). Vascular dissection occurred in eight
patients (2.8%) in the thrombectomy-alone group and
five patients (1.9%) in the combination therapy group
(adjusted OR 1.60, 95%CI 0.51 to 4.99) in patients
without TM (table 3).

DISCUSSION
This study found that the TM rate was 11.3% (71/627),
and there was no interaction between TM and direct EVT
or bridging EVT treatment in the 90-day distribution of
mRS and other clinical outcomes. Further, we also found
that TM was associated with IVT therapy and lower base-
line NIHSS.

There was no interaction between TM and direct or
bridging EVT in clinical outcomes in this study. Our
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All 656 cases underwent randomization
in DIRECT-MT trial

}

627 cases were included

327 cases were assigned to thrombectomy alone therapy
316 underwent groin puncture
11 Did not undergo catheter angiography
7 had protocol vilolation according to local
investigators
4 withdraw consent for thrombectomy

3 had no large vessel occlussion

2 had missing DSA data

1 had proxy-vessel perforation during
intervention

1 was lost to follow up

310 cases were included in analysis

329 cases were assigned to combination-therapy group
323 underwent catheter angiography
6 Did not undergo catheter angiography

1 Had protocol violation according to local
investigators

1 Withdrew consent for thrombectomy

3 Withdrew consent for both IV alteplase and
thrombectomy

1 Had clinical improvement after receipt of iv
alteplase

3 had no large vessle occlusion
1 had hemodynamicaly unstable condition

1 was lost to follow up

317 cases were included in analysis

In totoal 627 cases were included in the pos hoc analysis

Figure 2 Distribution of migrated thrombi in TM group. DSA, digital subtraction angiography; DIRECT-MT, Direct Intra-arterial
thrombectomy in order to Revascularise acute ischaemic stroke patients with large vessel occlusion Efficiently in Chinese
Tertiary hospitals: A Multicentre randomised clinical Trial (DIRECT-MT); TM, thrombi migration.

finding was consistent with previous single-centre retro-
spective studies by Bernard et al.® Further, the data from
the MR CLEAN registry (Multicentre Randomised Clin-
ical Trial of Endovascular Treatment of Acute Ischaemic
Stroke) also found a similar result'’ Although patients with
TM were less likely to be completely recanalised (eTICI3)
and had fewer attempts during EVT in our study. (table 1)
However, a previous study found that TM led to a better
functional outcome (adjusted OR 1.49; 95%CI 1.02
to 2.17) in patients with MCA M1 occlusion.'’ Another
small-scale study (98 cases) using Penumbra 4 or 5 MAX
reperfusion catheters to treat acute MCA occlusion also
found a trend of more favourable clinical outcomes in

the migrated thrombus group than in the non-migrated
thrombus group (78.9% vs 60.8%, p=0.231).” Therefore,
the influence of TM on 90 days functional outcome might
relate to the location of the occluded artery. We need a
larger scale of prospective studies focused on M1 occlu-
sion patients to answer this question.

Furthermore, we also have done analysis to determine
whether TM is directly associated with clinical outcomes.
After adjusting for other related factors, including treat-
ment options (direct or bridging therapy), the results
showed that TM is associated with a better 90-day clin-
ical outcome (mRS 0-2) (p=0.0281, aOR 1.360 (95% CI
0.767 to 2.41)) (online supplemental table 4). However,
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Table 2 Multivariable analysis for factors associated with
thrombus migration

Adjusted*

OR for TM P value
Age (year) 1.003 (0.981-1.025) 0.823
Atrial fibrillation 0.598 (0.344-1.039) 0.068
IVT 2.614 (1.514-4.514)  <0.001
Baseline NIHSS score (per point)  0.956 (0.916-0.999) 0.043
Onset to groin puncture (minutes) 0.999 (0.990-1.008) 0.870
Occlusion site
ICA Ref
M1 1.477 (0.831-2.624) 0.183
M2 0.405 (0.114-1.443) 0.164

*Values were adjusted for age, atrial fibrillation, treatment with

rtPA, baseline NIHSS score, time from onset to groin puncture and
occlusion site.

ICA, internal carotid artery; IVT, intravenous thrombolysis; NIHSS,
National Institutes of Health Stroke Scale; NIHSS, National Institutes of
Health Stroke Scale; rtPA, recombinant tissue plasminogen activator;
TM, thrombus migration.

TM is not associated with 90 days of excellent outcome
(mRS 0-1) (p=0.1074,aOR 1.262 (95% CI 0.69 to 2.311))
(online supplemental table 4). Therefore, we assume that
TM might be associated with the good clinical outcome
independent of treatment options (direct or bridging
therapy). Further well-designed prospective study to anal-
ysis the association between TM and clinical outcome is
needed.

The preintervention TM rate in previous studies was
between 17% and 30%,”” which was relatively higher
than our study (11.3%). The relatively low incidence of
TM in this study may be associated with several reasons.
First, in this study, most patients enrolled in the DIRECT
MT trial accepted IVT and EVT at one centre without
interhospital transfer. Therefore, the median time from
baseline CTA to groin puncture was 65 min, much shorter
than in previous registry studies (120min)."" Studies have
shown that the time between the completion of IVT and
the EVT procedure is related to the incidence of TM.?
The shorter time interval between IVI and EVT treat-
ment in our study may contribute to the low incidence of
TM. Second, among the thrombolytic patients, the intra-
venous infusion was not completed before the procedure,
which may affect the incidence of TM.

In line with previous studies,” "our study showed
that IVT therapy was independently associated with
TM after adjusting for other factors. As reported by
Bernard et al, the clot migration rate was significantly
lower among the direct EVT group compared with the
IVT group (3.8% vs 18.7%, OR 5.79; 95% CI 2.01 to
16.69; p=0.001).° In the MR CLEAN registry, alteplase
treatment was associated with increased TM (adjusted
OR, 2.01; 95% CI 1.29 to 3.11)."°Although some
studies showed no association between TM and IVT,3 47
we assume this discrepancy might be due to the size of

3

studies and the time interval between the assessment
of thrombus location at baseline and the first run of
DSA.

Alower baseline NIHSS score was associated with TM in
this study. In light of the fact that the difference in NIHSS
scores is minimal (only one point different), we should
interpret this result with more caution. The impact of
slight differences in NHISS scores on TM will need to be
confirmed by subsequent studies. Previous studies have
reported that TM was associated with shorter and blood
cell-enriched thrombi.” 7 We assume that extensive and
firm thrombi are usually less likely to move and might
cause more severe clinical symptoms than fragile and
smaller thrombi.

This study has several limitations. First, the DIRECT-MT
trial was conducted in advanced stroke centres. Currently,
the extraction of thrombi beyond the M1 segment is only
available in some primary centres or centres with experi-
enced neurointerventionists. Even though evidence from
a meta-analysis of several randomised trials, guidelines
and clinical data did not widely support thrombectomy
beyond the M1 scs:gment.12 Therefore, cautiously applying
the result in centres without adequate thrombectomy
experience is encouraged. The results of the recently
published A Randomised Controlled Trial of DIRECT
Endovascular Clot Retrieval vs Standard Bridging Throm-
bolysis With Endovascular Clot Retrieval study also
did not suggest a non-inferiority of direct EVT versus
bridging therapy."” For this reason, IVT before EVT was
still warranted by most specialists, especially in rural areas
without access to timely EVT."

Another limitation of this study, only 6.9% of the
patients in the DIRECT MT study had intracranial athero-
sclerotic disease, although studies have reported that this
is a common cause in Asia, which may hinder the gener-
alisation of our findings to the Asian population. In addi-
tion, this study did not consider the TM within the ICA.
Thrombi might occlude the anterior choroidal artery by
moving from the initial segment to the distal end within
the ICA. However, based on data from DIRECT MT
trial, 99% of ICA thrombi at baseline were in the distal
segment; therefore, this study did not define thrombus
movement within the ICA as TM.

Furthermore, there were no data on the histological
composition or size of the thrombus. Several studies
have shown significant impacts of clot size and histolog-
ical composition on their stability and accessibility. Blood
cell enrichment and shorter thrombi were more easily
broken down and were associated with a better clinical

10-12 14
respomnse.

CONCLUSION

Preinterventional TM does not modify the treatment
effects of direct versus bridging EVT on functional
outcomes in patients with AIS with anterior LVO. TM
leads to a less complete recanalisation rate.

6

Tan ZF, et al. Stroke & Vascular Neurology 2023;0. doi:10.1136/svn-2022-002257

yBuAdoo Aq paroalold 1senb Aq $20z ‘22 [Udy uo jwod g uAs//:dny Wwolj papeojumod ‘€20z aunt g Uo /6Z200-2202-UAS/9ETT 0T Se paysiignd 1si1) :|0INaN ISeA a)04S


https://dx.doi.org/10.1136/svn-2022-002257
http://svn.bmj.com/

Stroke Vasc Neurol: first published as 10.1136/svn-2022-002257 on 8 June 2023. Downloaded from http://svn.bmj.com/ on April 27, 2024 by guest. Protected by copyright.

®
7
[
3]
3]
®©
c
[
o
o

‘uolesBiw snquioyl ‘AL ‘Juswanoidwi [eolB6ojoinau JuedIubIS ‘{|NS (8100S 8[eds o30S
yljeaH 1o saInyisu| [euolieN ‘SSHIN ‘o[eds upjuey paliipow ‘SHw ‘abeysowsaey |eiueioenul ‘HO| ‘waisAs Buipelb uonolejul [eigalad ul sisAjogquioy) pepuedxs ‘0|18 ‘uoisuswiq G-|oDoin3 ‘qs-D3
‘pajodal Uoles|ILOPUES 0} }8SUO 8X041S WO Wil ‘SNJBIS MO|[J-POo0|d [BJ91E||0D [BIgaI8D ‘D30J)S 810j9( 8J100S SHW ‘9100S SSHIN dul[dskeq Jo} paisnipe aiam senfep,

1G6°0 (2681 ‘89°0) 2O}k (%06°01) 62 (%0121 s¢ (€92°2 ‘000°0) 000°0 (9%021) 2 (%00°0) 000 BOJE MBU U WSIjoqug
¥G0°0 (20€°L “2¥9°0) 616°0 (%02°8¢) 201 (9500°9¢) 0L (966°0 ‘V10°0) 8LL°0 (9%60g7€8) 91 (9%00°9) + HOI onrewoldwAsy
1210 (9ge’1 ‘222°0) 085°0 (%0279 81 (%02) 2t (Se2°2€ ‘8LE°0) 29V°E (%021) ¢ (%0001 2 HOI onewoldwAg
8660 (986'7°21G°0) L6G'L (9%06°1) S (%082 8 (%00°0) 000 (00°0) 00°0 UONO8SSIP JBINJSEA
("o
668°0 (€600 ‘290°0-) 8L0°0 (56°0 ‘e€70) #8°0 (G670 ‘c£0) ¥8°0 (82270 ‘¥91°0-) 2600  (00°L ‘6200660 (00F‘LS0)¥6'0 uelpsw—sAep 06 Je 8100s 0G-DI
(dol) ueipsw —obreyosip
6620 (0850 ‘0¥S€-) SLvL— (00°6100°2) 006 (0021 ‘00'2) 00'8 (662°2 ‘'989'G-) 180"} (00°2) ‘00°H) 00'S  (00°LL ‘0S°0) 00'E 10 sAep /-G 1e 8100s SSHIN
( ( Jw—(4ol) ueipaw
250 (GLZvL“1e8'el-) by'0  $8 L0k ‘€S0L) S¥6e (22711 20°01) G128 (€90°99 “18F°2e-) 162791 G£'€8°/G6) L1'2e ( LL'16882) 667k  —.LO UO SWN|OA UOISS] SWOJINO
6520 (€21°1'681°0) 2620 (9%2°€8) L2z (%5°62) See (59670 ‘2£0°0) 0610 (%1°68) 2 (9%00°52) S gzzweiboibue [euy uo D18
6680 (cov"1'969°0) 88670 (%2719) 9v L (%0¥S) 951 (€Lvv ‘VI¥0) 19T L (%€799) 22 (9%00°09) 21 abieyosip Jo zAep 1e INS
209°0 (c9v"1209°0) 8£6°0 (%1°64) LS (%2°81) ¥S (90€9 ‘L2z 0) 081k (%8S V1) L (%00°GH € yieeq
GG6'0 (OvS L8120 2S0°L (%£81¢) €6 ( %20°S€) LOL (£08°€ ‘S22°0) 20"} ( %e8'sy) gz ( %00°GS) L1 (c-0) sHw
8¢¥°0 (S82°1€92°0) 291"} (9%00°12) 95 (%0g°€2) 29 (615°6 ‘889°0) 6GS'C (9%00°S2) 2+ (9%00°SY) 6 (1-0) SHwW
1890 (€2¥°1°228°0) LLL'} (52 v (g2 ¢ (L12'¥ ‘'S65°0) ¥85" | (ss1e (sv-0)2 ( Hol) skeppe SHW
uonoedul anjeA paisnipy (292=u) (682=u) anjea (gp=u) Adesayy (og=u) auoje
10} d Adeiay} uoneuiquon auoje paisnipy uoneuiquon -Awoyoaquiody |
-Awoyoaquioay |
INLN NL

S8WO02]N0 [BD1UID 8} UO AdeJayl-Uoijeuiquiod Jo auoje-AWO0}0aquioly) pue A1 Usamiad UoIloeISIU| € d]qeL

Tan ZF, et al. Stroke & Vascular Neurology 2023;0. doi:10.1136/svn-2022-002257


http://svn.bmj.com/

Author affiliations

"Neurology, First People's Hospital of Foshan, Foshan, Guangdong, China
%Department of Neurology, Jinan University First Affiliated Hospital, Guangzhou,
Guangdong, China

*Neurovascular Center, Changhai Hospital , Naval Medical University, Shanghai,
China

“Department of Neurosurgery, First Affiliated Hospital of Harbin Medical University,
Harbin, China

SDepartment of Neurology, Linyi People's Hospital, Linyi, Shandong, China
SMedicine & Therapeutics, The Chinese University of Hong Kong, Hong Kong, China
"Neurology, Huashan Hospital Fudan University, Shanghai, China

®Neurology, Zhangzhou Municipal Hospital of Fujian Province and Zhangzhou
Affiliated Hospital of Fujian Medical University, Zhangzhou, Fujian, China

%Stroke Center, Jinan University First Affiliated Hospital, Guangzhou, Guangdong,
China

Acknowledgements We thank all the participants in the BASIS program for their
hard work.

Contributors Contributors ZT, AX, WC formulated the study concept. LZ, HL, HQ,
MG, BY, PY YZ, HS, YZ, BH, HS, HH, CL and WC performed the experiments. LZ,
and ZT analysed the data and interpreted the results. LX and YD assisted in the
revision of the manuscript. ZT, LZ, and AX wrote the paper. AX and JL accepts
full responsibility for the work and the conduct of the study as the guarantor, had
access to the data, and controlled the decision to publish.

Funding The BASIS trial is funded by the National Natural Science Foundation

of China (No. 81825007), Beijing Outstanding Young Scientist Program (No.
BJJWZYJH01201910025030), Capital's Funds for Health Improvement and
Research (2022-2-2045), National Key R&D Program of China (2022YFF1501500,
2022YFF1501501, 2022YFF1501502, 2022YFF1501503, 2022YFF1501504,
2022YFF1501505), Youth Beijing Scholar Program (No.010), Beijing Laboratory of
Oral Health (PXM2021_014226_000041), Beijing Talent Project-Class A: Innovation
and Development (No. 2018A12), National Ten-Thousand Talent Plan-Leadership
of Scientific and Technological Innovation, and National Key R&D Program of China
(No. 2017YFC1307900, 2017YFC1307905).

Competing interests None declared.
Patient consent for publication Consent obtained directly from patient(s).

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

ZeFeng Tan http://orcid.org/0000-0001-8284-612X
Lei Zhang http://orcid.org/0000-0001-5559-6292
Xinyi Leng http://orcid.org/0000-0001-7300-6647
Yi Dong http://orcid.org/0000-0001-6630-112X
Anding Xu http://orcid.org/0000-0003-3154-0985

REFERENCES

1 Kim D-E, Kim J-Y, Sun I-C, et al. Hyperacute direct thrombus
imaging using computed tomography and gold nanoparticles. Ann
Neurol 2013;73:617-25.

2 Ohara T, Menon BK, Al-Ajlan FS, et al. Thrombus migration and
fragmentation after intravenous Alteplase treatment: The Interrsect
study. Stroke 2021;52:203-12.

3 Baik SH, Kwak HS, Hwang SB, et al. Manual aspiration
Thrombectomy using a Penumbra catheter in patients with acute
migrated MCA occlusion. Interv Neuroradiol 2017;23:173-9.

4 Kaesmacher J, Maegerlein C, Kaesmacher M, et al. Thrombus
migration in the middle cerebral artery: Incidence, imaging signs,
and impact on success of Endovascular Thrombectomy. J Am Heart
Assoc 2017;6:e005149.

5 Maegerlein C, Friedrich B, Berndt M, et al. Impact of histological
thrombus composition on Preinterventional thrombus migration in
patients with acute Occlusions of the middle cerebral artery. Interv
Neuroradiol 2018;24:70-5.

6 RenY, Churilov L, Mitchell P, et al. Clot migration is associated with
intravenous Thrombolysis in the setting of acute ischemic stroke.
Stroke 2018;49:3060-2.

7 Sporns PB, Jeibmann A, Minnerup J, et al. Histological clot
composition is associated with Preinterventional clot migration in
acute stroke patients. Stroke 2019;50:2065-71.

8 Yang P, Zhang Y, Zhang L, et al. Endovascular Thrombectomy with
or without intravenous Alteplase in acute stroke. N Engl J Med
2020;382:1981-93.

9 Yang P, Treurniet KM, Zhang L, et al. Direct intra-arterial

Ethics approval This study involves human participants and was approved by the
medical ethical committee and research board of the Changhai Hospital, Shanghai,
approved this study in China (CHEC-2018-003). Participants gave informed consent
to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed. 10
Data availability statement Data are available on reasonable request.

Supplemental material This content has been supplied by the author(s). It has 11
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines, 13
terminology, drug names and drug dosages), and is not responsible for any error

and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 14
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which

Thrombectomy in order to Revascularize AIS patients with large
vessel occlusion efficiently in Chinese tertiary hospitals: A multicenter
randomized clinical trial (DIRECT-MT)-Protocol. Int J Stroke
2020;15:689-98.

Alves HC, Treurniet KM, Jansen IGH, et al. Thrombus migration
paradox in patients with acute ischemic stroke. Stroke
2019;50:3156-63.

Flint AC, Avins AL, Nguyen-Huynh MN. Risk of distal Embolization
from tPA (tissue-type plasminogen activator) administration prior to
Endovascular stroke treatment Stroke 2021;52:e39-40.

Menon BK, Hill MD, Davalos A, et al. Efficacy of Endovascular
Thrombectomy in patients with M2 segment middle cerebral artery
Occlusions: Meta-analysis of data from the HERMES collaboration. J
Neurolntervent Surg 2019;11:1065-9.

Mitchell PJ, Yan B, Churilov L, et al. Endovascular Thrombectomy
versus standard bridging thrombolytic with Endovascular
Thrombectomy within 4-5 H of stroke onset: An open-label, blinded-
Endpoint, randomised non-inferiority trial. Lancet 2022;400:116-25.
Albers GW. Thrombolysis before Thrombectomy - to be or DIRECT-
MT N Engl J Med 2020;382:2045-6.

8 Tan ZF, et al. Stroke & Vascular Neurology 2023;0. doi:10.1136/svn-2022-002257

yBuAdoo Aq paroalold 1sanb Aq 20z ‘22 [udy uo Jwod g uAs//:dny wolj papeojumod ‘€20z aunt g Uo /6Z200-2202-UAS/9ETT 0T Se paysiignd 1si1) :|0INaN ISeA a)04S


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8284-612X
http://orcid.org/0000-0001-5559-6292
http://orcid.org/0000-0001-7300-6647
http://orcid.org/0000-0001-6630-112X
http://orcid.org/0000-0003-3154-0985
http://dx.doi.org/10.1002/ana.23849
http://dx.doi.org/10.1002/ana.23849
http://dx.doi.org/10.1161/STROKEAHA.120.029292
http://dx.doi.org/10.1177/1591019916686735
http://dx.doi.org/10.1161/JAHA.116.005149
http://dx.doi.org/10.1161/JAHA.116.005149
http://dx.doi.org/10.1177/1591019917733733
http://dx.doi.org/10.1177/1591019917733733
http://dx.doi.org/10.1161/STROKEAHA.118.022751
http://dx.doi.org/10.1161/STROKEAHA.118.023314
http://dx.doi.org/10.1056/NEJMoa2001123
http://dx.doi.org/10.1177/1747493019882837
http://dx.doi.org/10.1161/STROKEAHA.119.026107
http://dx.doi.org/10.1161/STROKEAHA.120.032903
http://dx.doi.org/10.1136/neurintsurg-2018-014678
http://dx.doi.org/10.1136/neurintsurg-2018-014678
http://dx.doi.org/10.1016/S0140-6736(22)00564-5
http://dx.doi.org/10.1056/NEJMe2004550
http://svn.bmj.com/

	Thrombus migration in patients with acute ischaemic stroke undergoing endovascular thrombectomy
	Abstract
	Trial registration number

	Introduction﻿﻿
	Materials and methods
	Study design and participants
	Assessment of TM
	Outcomes
	Statistical analyses
	Data availability


	Results
	Patient characteristics
	Incidence of TM and associated factors
	TM and DTM with recanalisation
	Interaction between TM and successful recanalisation
	Interaction between TM and clinical outcome

	Discussion
	Conclusion
	References


