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Abstract: Background and objective: Procedural thromboembolisms after mechanical thrombectomy (MT)
for acute ischemic stroke has rarely been studied. We retrospectively evaluated factors associated
with procedural thromboembolisms after MT using diffusion-weight imaging (DWI) within 2 days of
MT. Materials and Methods: From January 2018 to March 2020, 78 patients with acute ischemic stroke
who underwent MT were evaluated using DWI. Procedural thromboembolisms were defined as new
cerebral infarctions in other territories from the occluded artery on DWI after MT. Results: Procedural
thromboembolisms were observed on DWI in 16 patients (20.5%). Procedural thromboembolisms were
associated with old age (73.8± 8.18 vs. 66.8 ± 11.2 years, p = 0.021), intravenous (IV) thrombolysis (12 out
of 16 (75.0%) vs. 25 out of 62 (40.3%), p = 0.023), heparinization (4 out of 16 (25.0%) vs. 37 out of 62 (59.7%),
p = 0.023), and longer procedural time (90.9 ± 35.6 vs. 64.4 ± 33.0 min, p = 0.006). Multivariable logistic
regression analysis revealed that procedural thromboembolisms were independently associated with
procedural time (adjusted odds ratio (OR); 1.020, 95% confidence interval (CI); 1.002–1.039, p = 0.030)
and IV thrombolysis (adjusted OR; 4.697, 95% CI; 1.223–18.042, p = 0.024). The cutoff value of procedural
time for predicting procedural thromboembolisms was ≥71 min (area under the curve; 0.711, 95% CI;
0.570–0.851, p = 0.010). Conclusions: Procedural thromboembolisms after MT for acute ischemic stroke
are significantly associated with longer procedural time and IV thrombolysis. This study suggests that
patients with IV thrombolysis and longer procedural time (≥71 min) are at a higher risk of procedural
thromboembolisms after MT for acute ischemic stroke.
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1. Introduction

Mechanical thrombectomy (MT) of a major vessel occlusion of the anterior circulation has become
a standard treatment for acute ischemic stroke. Several randomized controlled trials (RCTs) have
shown the benefits of this procedure [1–5]. Due to recent developments in interventional devices and
techniques, endovascular procedures have been considered to be safer and faster treatment options for
the treatment of cerebrovascular disease in patients with large vessel occlusion. However, procedural
thromboembolisms are still one of the major complications of endovascular procedures.

Several studies have evaluated the risk factors of procedural thromboembolisms using
diffusion-weighted imaging (DWI) after endovascular procedures. Procedural thromboembolisms
after endovascular procedures are associated with the type and dose of antiplatelet drug, resistance to
the antiplatelet drug, the procedural time, the number of DWI-positive lesions, and the type of device
used [6–9]. However, these previous studies on procedural thromboembolisms have focused on coil
embolization for cerebral aneurysms and carotid artery stenting for carotid artery stenosis.
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As recanalization is the major goal of MT for acute ischemic stroke, procedural thromboembolisms
have not been considered as important as recanalization, and procedural thromboembolisms after MT
for acute ischemic stroke has rarely been studied. In this study, we aimed to evaluate factors affecting
procedural thromboembolisms after MT for acute ischemic stroke using DWI.

2. Materials and Methods

2.1. Patient Selection Criteria

We reviewed the data of patients with acute ischemic stroke who underwent MT at our hospital
from January 2018 to March 2020. A total of 139 patients who met the inclusion criteria were selected
for this study. The inclusion criteria were as follows: (1) acute ischemic stroke with symptoms; (2) large
artery occlusions confirmed by magnetic resonance (MR) angiography; (3) ≤24 h from the last normal
time (LNT) to treatment; (4) at least one-half mismatch between cerebral blood flow and cerebral blood
volume map with MR perfusion imaging; (5) treatment with MT.

Of the 139 patients, 61 patients were excluded owing to the lack of data on DWI within 2 days of
MT. Therefore, only 78 consecutive patients were included. The case accrual process is summarized in
Figure 1.
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Figure 1. Flowchart of the case accrual process.

2.2. Data Collection and Patient Characteristics

The data on the baseline characteristics of the patients, treatment details, and clinical and radiological
outcomes were obtained from medical records. The medical records and imaging data were reviewed after
approval from the institutional review board (SCMC 2020-06-006, approved date 17 June 2020). The baseline
characteristics of the patients included age; sex; past medical history, including atrial fibrillation,
diabetes mellitus, hypertension, and previous cerebral infarction; smoking status; stroke etiology;
occlusion site; tandem occlusion; National Institutes of Health Stroke Scale (NIHSS) score on admission;
as well as the time from the LNT to puncture. Treatment details included the use of intravenous (IV)
thrombolysis, antiplatelet preparation, heparinization before initiating MT, use of balloon-guided catheter,
use of intermediate catheter, total number of MT attempts, procedural time, and whether rescue treatments,
such as angioplasty or stenting, were performed. The clinical and radiological outcomes included a
3-month modified Rankin Scale (mRS) score, thrombolysis in cerebral infarction (TICI) grade, incidence of
procedural thromboembolisms, and incidence of postprocedural hemorrhages. Among the clinical and
radiological outcomes, the incidence of procedural thromboembolism is the primary outcome in this study.

Stroke etiology was classified according to the trial of ORG 10,172 in acute stroke treatment
(TOAST) criteria. Each patient’s NIHSS score was assessed on admission. Patients admitted within 4.5 h
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of acute ischemic stroke symptom onset were considered suitable candidates for IV tissue-plasminogen
activator (t-PA) infusion. Patients who were administered aspirin or clopidogrel were included in the
antiplatelet preparation group, while those who were administered neither aspirin nor clopidogrel
were included in the no antiplatelet preparation group. When IV thrombolysis was not performed,
bolus doses of heparin (2000–3000 IU) were administered before initiating MT, followed by a continuous
infusion of heparin (500 IU/h). When IV thrombolysis was performed, heparin was not administered
due to the concern of intracerebral hemorrhage. The procedural time was defined as the total time from
a femoral puncture to recanalization. A good clinical outcome was defined as a 3-month mRS score of
≤2. Successful recanalization was defined as a TICI grade of 2b or 3. Procedural thromboembolisms
were defined as new cerebral infarctions in other territories from the occluded artery on DWI after MT.
Postprocedural hemorrhages included subarachnoid hemorrhage and intracerebral hemorrhage (except
for hemorrhagic transformation), based on the European cooperative acute stroke study (ECASS)
classification [10].

2.3. Procedures

The procedures were performed under conscious sedation via femoral access. The primary MT
modality was decided based on the surgeon’s discretion and performed using catheter aspiration or a stent
retriever. The use of a balloon-guided catheter (Flowgate, Stryker Neurovascular, Fremont, CA, USA)
and intermediate catheter (Catalyst 6, Stryker Neurovascular, Mountain View, CA, USA) were decided
based on the condition of the vessels. When the angiography after MT showed residual stenosis in
atherosclerotic occlusions, rescue treatments such as balloon angioplasty or stenting were considered.

2.4. Statistical Analysis

The baseline characteristics of the patients, treatment details, and clinical and radiological outcomes
were compared between the procedural thromboembolism group and the no procedural thromboembolism
group. The chi-squared test or Fisher’s exact test was used to analyze categorical variables. Student’s
t-test or the Mann–Whitney U test was used for continuous variables. Multivariable analysis, including
logistic regression, was used to evaluate factors affecting procedural thromboembolisms after MT for
acute ischemic stroke. Variables with p < 0.05 in the univariate analysis were selected for the logistic
regression model. The cutoff value of the procedural time for predicting procedural thromboembolisms
was obtained using the receiver—operating characteristic (ROC) curve. A p-value < 0.05 was considered
statistically significant. All analyses were performed with SPSS version 22 (SPSS, Chicago, IL, USA).

3. Results

The baseline characteristics and treatment details of the included and excluded patients are
summarized in Table 1. None of the baseline characteristics and treatment details, except for procedure
time, differed significantly between the groups. Procedural time was significantly longer for the
included patients than for the excluded patients (69.8 ± 35.0 vs. 58.2 ± 31.2 min, p = 0.043).

The mean age of the patients was 66.5 (range 33–87) years. Of the 78 patients, 51 were males.
The stroke etiologies were as follows: large-artery atherosclerosis (n = 23), cardioembolism (n = 30),
other determined etiology (n = 1), and undetermined etiology (n = 24). The sites of occlusion were as
follows: anterior circulations (n = 72), including cervical to cavernous internal carotid artery (ICA)
occlusion (n = 7), cervical ICA occlusion with middle cerebral artery occlusion (n = 8), ICA bifurcation
occlusion (n = 9), M1 occlusion (n = 40), and M2 occlusion (n = 8), as well as posterior circulations
(n = 6), including basilar artery occlusion (n = 4), and vertebral artery occlusion (n = 2).

Among the 78 patients who underwent MT for acute ischemic stroke, procedural thromboembolisms
were observed in 16 (20.5%) patients on DWI within 2 days of MT; all of them were small and focal cerebral
infarctions. The new cerebral infarctions on DWI after MT were located in the cortex of the contralateral
middle cerebral artery (MCA) territory (n = 9) and cerebellum (n = 7). The total number of new cerebral
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infarctions on DWI was as follows: 1 (n = 8), 2 (n = 4), and 3 (n = 4). A case of MT for acute ischemic
stroke and procedural thromboembolisms is shown in Figure 2.

Table 1. A comparison of baseline characteristics and treatment details between included and
excluded patients.

Included Patients (n = 78) Excluded Patients (n = 61) p-Value

Baseline
characteristics

Age (years) (mean ± SD) 68.2 ± 10.9 67.1 ± 14.9 0.597
Sex (male) 51 (65.4%) 41 (67.2%) 0.858

Atrial fibrillation 28 (35.9%) 25 (41.0%) 0.599
Diabetes Mellitus 16 (20.5%) 14 (23.0%) 0.836

Hypertension 45 (57.7%) 34 (55.7%) 0.864
Previous cerebral infarction 9 (11.5%) 10 (16.4%) 0.461

Smoking 28 (35.9%) 22 (36.1%) 1.000
Stroke etiology 0.602
Cardioembolic 30 27

Non-cardioembolic 48 34
Occlusion site (anterior circulation) 73 (93.6%) 54 (88.5%) 0.366

Tandem occlusion 10 (12.8%) 6 (9.8%) 0.790
NIHSS score on admission (mean ± SD) 11.3 ± 5.88 12.6 ± 7.65 0.240
The time from the LNT to the puncture

(mean ± SD) 371.0 ± 246.2 343.7 ± 230.3 0.505

Treatment
details

IV thrombolysis 37 (47.4%) 20 (32.8%) 0.086
Antiplatelet preparation 17 (21.8%) 20 (32.8%) 0.177

Heparinization 41 (52.6%) 41 (67.2%) 0.086
Balloon-guided catheter 15 (19.2%) 20 (32.8%) 0.078

Intermediate catheter 69 (88.5%) 46 (75.4%) 0.069
Total number of MT attempts (mean ± SD) 2.91 ± 2.35 2.43 ± 1.64 0.174

Procedural time (mean ± SD) 69.8 ± 35.0 58.2 ± 31.2 0.043
Rescue treatment 9 (11.5%) 6 (9.8%) 0.790

NIHSS: National Institutes of Health Stroke Scale; LNT: last normal time; SD: standard deviation; MT: mechanical
thrombectomy; IV: intravenous.

The baseline characteristics of the patients, treatment details, and clinical and radiological outcomes
of the procedural thromboembolism and no procedural thromboembolism groups are summarized in
Table 2. None of the baseline characteristics, except for age, differed significantly between the groups.
Patients in the procedural thromboembolism group were significantly older than those in the no
procedural thromboembolism group (73.8 ± 8.18 vs. 66.8 ± 11.2 years, p = 0.021).
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Figure 2. A case of mechanical thrombectomy for right M1 occlusion. An 81-year-old female patient
presented with left hemiparesis. (a) Proximal M1 occlusion was observed. (b) Successful recanalization
was achieved in M1 occlusion using a stent retriever. (c) Diffusion-weighted imaging 1 day after
mechanical thrombectomy showed a new lesion in the left cerebellum, (d) which was not shown in
diffusion-weighted imaging before mechanical thrombectomy.
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Table 2. A comparison of baseline characteristics, treatment details, and clinical and radiological
outcomes between the procedural thromboembolism group and no procedural thromboembolism
group after mechanical thrombectomy.

Procedural Thromboembolism p-Value
Yes (n = 16) No (n = 62)

Baseline
characteristics

Age (years) (mean ± SD) * 73.8 ± 8.18 66.8 ± 11.2 0.021
Sex (male) 10 (62.5%) 41 (66.1%) 0.776

Atrial fibrillation 8 (50.0%) 20 (32.3%) 0.245
Diabetes Mellitus 4 (25.0%) 12 (19.4%) 0.729

Hypertension 10 (62.5%) 35 (56.5%) 0.780
Previous cerebral infarction 0 9 (14.5%) 0.191

Smoking 3 (18.8%) 25 (40.3%) 0.147
Stroke etiology 0.149
Cardioembolic 9 21

Non-cardioembolic 7 41
Occlusion site (anterior circulation) 16 (100%) 57 (91.9%) 0.577

Tandem occlusion 3 (18.8%) 7 (11.3%) 0.420
NIHSS score on admission (mean ± SD) 11.5 ± 5.32 11.2 ± 6.05 0.861
The time from the LNT to the puncture

(mean ± SD) 305.0 ± 223.7 388.1 ± 250.6 0.231

Treatment details

IV thrombolysis * 12 (75.0%) 25 (40.3%) 0.023
Antiplatelet preparation 2 (12.5%) 15 (24.2%) 0.499

Heparinization * 4 (25.0%) 37 (59.7%) 0.023
Balloon-guided catheter 1 (6.3%) 14 (22.6%) 0.175

Intermediate catheter 16 (100%) 53 (85.5%) 0.191
Total number of MT attempts (mean ± SD) 3.38 ± 2.78 2.79 ± 2.24 0.379

Procedural time (mean ± SD) * 90.9 ± 35.6 64.4 ± 33.0 0.006
Rescue treatment 2 (12.5%) 7 (11.3%) 1.000

Clinical and
radiological

outcomes

Good clinical outcome 11 (68.8%) 36 (58.1%) 0.570
Successful recanalization 14 (87.5%) 49 (79.0%) 0.723

Postprocedural hemorrhage 9 (56.3%) 11 (17.7%) 0.003

NIHSS: National Institutes of Health Stroke Scale; LNT: last normal time; SD: standard deviation. * Variables for
logistic regression model.

Procedural thromboembolisms had a significant relationship with the use of IV thrombolysis,
heparinization before initiating MT, and procedural time. IV thrombolysis was more frequently used in
the procedural thromboembolism group than in the no procedural thromboembolism group (12 out of 16
(75%) vs. 25 out of 62 (40.3%), p = 0.023). Heparinization before initiating MT was less frequently used in the
procedural thromboembolism group than in the no procedural thromboembolism group (4 out of 16 (25.0%)
vs. 37 out of 62 (59.7%), p = 0.023). The procedural time was longer in the procedural thromboembolism
group than in the no procedural thromboembolism group (90.9 ± 35.6 vs. 64.4 ± 33.0 min, p = 0.006).

The mRS scores were as follows: mRS 0 (n = 15), mRS 1 (n = 16), mRS 2 (n = 16), mRS 3 (n = 10),
mRS 4 (n = 7), mRS 5 (n = 6), and mRS 6 (n = 8). The TICI grades were as follows: TICI 0 (n = 4), TICI 1
(n = 2), TICI 2a (n = 9), TICI 2b (n = 8), and TICI 3 (n = 55). Good clinical outcomes and successful
recanalization did not differ significantly between the groups.

Postprocedural hemorrhage was observed in 20 (25.6%) patients, including subarachnoid hemorrhage
(n = 11) and intracerebral hemorrhage (n = 9). The incidence of postprocedural hemorrhage was higher in
the procedural thromboembolism group than in the no procedural thromboembolism group (9 out of 16
(56.3%) vs. 11 out of 62 (17.7%), p = 0.003).

The multivariable logistic regression analysis for factors affecting procedural thromboembolisms
after MT for acute ischemic stroke, including age, IV thrombolysis, heparinization, and procedural
time, showed that procedural time (adjusted odds ratio (OR); 1.020, 95% confidence interval (CI);
1.002–1.039, p = 0.030) and IV thrombolysis (adjusted OR; 4.697, 95% CI; 1.223–18.042, p = 0.024) were
independently associated with procedural thromboembolisms after MT for acute ischemic stroke
(Table 3).
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Table 3. Multivariable logistic regression analysis of factors associated with procedural thromboembolisms
during MT for acute ischemic stroke.

Adjusted OR Adjusted 95% CI p-Value

Age 1.084 0.992–1.185 0.076
Procedural time 1.020 1.002–1.039 0.030
IV thrombolysis 4.697 1.223–18.042 0.024

MT: Mechanical thrombectomy; OR: odds ratio; CI: confidence interval; IV: intravenous.

ROC curve analysis for procedural thromboembolisms during MT for acute ischemic stroke is
shown in Table 4. The ROC curve analysis showed that the cutoff value of procedural time for predicting
procedural thromboembolisms was ≥71 min (area under the curve (AUC); 0.711, 95% CI; 0.570–0.851,
p = 0.010). In total, 33 out of 78 (42.3%) patients had a procedural time of ≥71 min. Among patients
with procedural thromboembolisms, 12 out of 16 (75.0%) patients had a procedural time of ≥71 min.
The ROC curve analysis also showed that procedural time and IV thrombolysis were most significantly
associated with procedural thromboembolisms (AUC; 0.795, 95% CI; 0.677–0.914, p ≤ 0.001).

Table 4. ROC curve analysis for procedural thromboembolisms during MT for acute ischemic stroke.

AUC 95% CI p-Value

Procedural time 0.711 0.570–0.851 0.010
IV thrombolysis 0.634 0.483–0.785 0.077

Procedural time and IV thrombolysis 0.795 0.677–0.914 <0.001

ROC: receiver operating characteristic; MT: mechanical thrombectomy; AUC: area under the curve; OR: odds ratio;
CI: confidence interval.

4. Discussion

MT has been considered the standard treatment option for acute ischemic stroke and has many
theoretical advantages, including site specificity and high recanalization rates. Previous studies have
focused on the clinical and radiological outcomes after MT, such as functional outcomes, recanalization
rates, and hemorrhagic complications [1–5]. However, procedural thromboembolism after MT for acute
ischemic stroke has not been studied. This study assessed the risk factors of procedural thromboembolism
after MT for acute ischemic stroke.

In this study, a total of 16 patients (20.5%) had procedural thromboembolisms. This result is
in line with that of previous reports, in which the rate of procedural thromboembolisms during
coil embolization for cerebral aneurysms and carotid artery stenting for carotid artery stenosis was
10–60% [8,9,11].

Cerebral infarction on DWI after neurointerventional procedure may be caused by tiny thrombi,
fragmented atherosclerotic plaques, air bubbles or hydrophilic coating materials from catheters and
wires during catheter insertion or injection of contrast media or flushing saline [12,13]. Our multivariate
analysis showed a significant relationship between procedural thromboembolisms and procedural
time (adjusted OR; 1.020, 95% CI; 1.002–1.039, p = 0.030). Longer procedural time is associated with a
higher chance of dislodging a thrombus and introducing air bubbles or hydrophilic coating materials
during the procedure [7].

Previous studies have reported that a procedural time of >60 min or three retrieval attempts during
MT can lead to a reduced rate of good clinical outcomes and increased risk of hemorrhage [14,15].
In our study, the cutoff value of the procedural time in predicting procedural thromboembolisms was
≥71 min, suggesting that a procedural time of >1 h is associated with a decreased rate of good clinical
outcome and increased risk of hemorrhage and procedural thromboembolism.

The procedural time can be longer owing to the technical difficulties encountered during the
procedure, such as advancing the guiding catheter into the carotid artery or subclavian artery [16].
Advancing a guiding catheter can be more difficult for patients with acute ischemic stroke than for
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those with other neurointerventional procedures, because most patients are elderly with substantial
comorbidities and poor vascular health with widespread atheroma, calcification, tortuous vessels, and
occlusive disease [17]. This study showed no significant difference in the total number of MT attempts
between the two groups (3.38 ± 2.78 vs. 2.79 ± 2.24 times, p = 0.379); however, the procedural time
was significantly different (90.9 ± 35.6 vs. 64.4 ± 33.0 min, p = 0.006) between the groups. This can be
partially explained with the age difference between the two groups (73.8 ± 8.18 vs. 66.8 ± 11.2 years,
p = 0.021), suggesting a possibility of technical difficulty in advancing the guiding catheter. Our results
also suggest the importance of setting an optimal strategy and preparing devices for advancing the
guiding catheter before the procedure to reduce the procedural time.

In our study, IV thrombolysis was independently associated with procedural thromboembolisms
after MT for acute ischemic stroke (adjusted OR; 4.697, CI; 1.223–18.042, p = 0.024). IV thrombolysis
with t-PA has been the therapy of choice for acute ischemic stroke within a 4.5-h time window for
20 years. Recent RTCs have proven that MT with IV thrombolysis is superior to IV thrombolysis alone in
patients with acute ischemic stroke caused by large artery occlusion in the anterior circulation [4,18,19].
IV thrombolysis with t-PA before MT improves the clinical outcomes after MT by enhancing the
fibrinolytic process, increasing the speed and likelihood of successful reperfusion with MT, reducing
the required number of passes, and decreasing the frequency of microvascular thrombus [19].

Among these effects of IV thrombolysis with t-PA, decreasing the frequency of microvascular
thrombi is thought to be due to the antithrombotic effects of t-PA. However, our results showed that IV
thrombolysis was independently associated with procedural thromboembolisms after MT for acute
ischemic stroke. The antithrombotic effect of t-PA during MT has not been studied, and there have
been no reports on the relationship between IV thrombolysis and procedural thromboembolisms after
MT for acute ischemic stroke.

In this study, the definition of procedural thromboembolisms was new cerebral infarctions in other
territories from the occluded artery. Therefore, procedural thromboembolisms were different from the
thrombus migration of fragmentation, even though there was a possibility that the thromboembolisms
originated from the collateral flow from non-targeted vessels [20]. New cerebral infarctions in other
territories from the occluded artery may originate from the atherosclerotic plaques scraped off the
aortic arch or great vessel wall by catheter manipulation [21].

IV t-PA before MT is associated with enhancing successful recanalization owing to its fibrinolytic
effect [18]. However, in a recent study, IV thrombolysis with t-PA before MT resulted in thrombus
fragmentation and more MT attempts [22]. Similarly, IV thrombolysis with t-PA before MT may
have an antithrombotic effect and prevent procedural thromboembolisms owing to its fibrinolytic
effect. However, it can also promote procedural thromboembolisms by inducing embolization of
atherosclerotic plaques from the aortic arch, as seen in our study.

In this study, all procedural thromboembolisms were found to be small and focal cerebral
infarctions on DWI. A previous study has shown that a larger number of DWI-positive lesions (n ≥ 6)
is significantly related to symptomatic ischemic complication [6]. In our results, the total number of
DWI-positive lesions was ≤3 in all patients with procedural thromboembolisms, which can partially
explain why procedural thromboembolism was not significantly related to clinical outcome. Another
study has shown that asymptomatic cerebrovascular brain injury may be associated with cognitive
impairment, stroke, and mortality [23]. Therefore, it is crucial to reduce the incidence of procedural
thromboembolisms and identify the underlying causes of postprocedural cerebral infarction, including
asymptomatic cerebral infarction, during neurointerventional procedures.

In this study, postprocedural hemorrhage was significantly associated with procedural
thromboembolisms (56.3% vs. 17.7%, p = 0.003). Our result showed the increased risk of both
thrombosis and bleeding in patients who underwent MT for acute ischemic stroke. The mechanism of
this imbalance is not clear. A previous study reported that coagulation tests had little value in the
evaluation of general patients with ischemic stroke [24]. However, further studies with circulating
biomarkers, such as circulating inflammatory factors and coagulation factors, might help explain
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the duality of thrombosis and bleeding in patients who underwent MT for acute ischemic stroke.
Further studies are needed to confirm these preliminary results.

Several limitations of this study should be noted. First, this study has a retrospective design
with attendant selection bias. However, the selection bias may be low because all cases of MT in
our hospital were included. Second, due to the very small sample size, profound statistical analysis
could not be obtained, and risk factors for procedural thromboembolisms may be underestimated.
Third, in our study, procedural thromboembolisms were defined as new cerebral infarctions in other
territories from the occluded artery on DWI after MT. This definition did not include new cerebral
infarctions in the entire brain area. Since distinguishing a new cerebral infarction in the same territory
of the occluded artery from migration and fragmentation of the thrombus is not easy, we used
our definition, which could represent less than real procedural thromboembolisms. Fourth, we did
not include late thromboembolisms. This study focused only on the analysis of acute procedural
thromboembolisms using DWI after MT. In our hospital, magnetic resonance imaging (MRI) including
DWI and MR angiography was performed to evaluate postprocedural hemorrhage and reocclusion on
the first to second day after MT. This study is a retrospective analysis using DWI from these results.
This study may underestimate procedural thromboembolisms because it does not include the late
thromboembolisms that occur later than 2 days. Further studies with larger sample sizes and long-term
follow-up are needed to confirm these preliminary results.

5. Conclusions

Procedural thromboembolisms after MT for acute ischemic stroke are significantly associated with
longer procedural time and IV thrombolysis. This study suggests that patients with IV thrombolysis
and longer procedural time (≥71 min) are at a higher risk of procedural thromboembolisms after MT
for acute ischemic stroke. Further studies with larger sample sizes and long-term follow-up are needed
to confirm these preliminary results.

Author Contributions: Conceptualization, S.H.K. and T.M.N.; methodology, T.M.N. and J.H.J.; software, J.H.J.;
validation, T.M.N.; formal analysis, Y.Z.K.; investigation, S.H.K.; resources, K.H.K.; data curation, T.M.N.;
writing—original draft preparation, T.M.N.; writing—review and editing, S.H.K.; visualization, T.M.N.; supervision,
Y.Z.K.; project administration, K.H.K.; funding acquisition, K.H.K. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Berkhemer, O.A.; Fransen, P.S.; Beumer, D.; van den Berg, L.A.; Lingsma, H.F.; Yoo, A.J.; Schonewille, W.J.;
Vos, J.; Nederkoorn, P.J.; Wermer, M.J.H.; et al. A randomized trial of intraarterial treatment for acute
ischemic stroke. New Engl. J. Med. 2015, 372, 11–20. [CrossRef] [PubMed]

2. Campbell, B.C.; Mitchell, P.J.; Kleinig, T.J.; Dewey, H.M.; Churilov, L.; Yassi, N.; Yan, B.; Dowling, R.;
Parsons, M.W.; Oxley, T.J.; et al. Endovascular therapy for ischemic stroke with perfusion-imaging selection.
New Engl. J. Med. 2015, 372, 1009–1018. [CrossRef] [PubMed]

3. Goyal, M.; Demchuk, A.M.; Menon, B.K.; Eesa, M.; Rempel, J.L.; Thornton, J.; Roy, D.; Jovin, T.G.;
Willinsky, R.A.; Sapkota, B.L.; et al. Randomized assessment of rapid endovascular treatment of ischemic
stroke. New Engl. J. Med. 2015, 372, 1019–1030. [CrossRef]

4. Saver, J.L.; Goyal, M.; Bonafe, A.; Diener, H.C.; Levy, E.I.; Pereira, V.M.; Albers, G.W.; Cognard, C.; Cohen, D.J.;
Hacke, W.; et al. Stent-Retriever thrombectomy after intravenous t-PA vs. t-PA alone in stroke. New Engl.
J. Med. 2015, 372, 2285–2295. [CrossRef]

5. Jovin, T.G.; Chamorro, A.; Cobo, E.; de Miquel, M.A.; Molina, C.A.; Rovira, A.; Román, L.S.; Serena, J.;
Abilleira, S.; Ribó, M.; et al. Thrombectomy within 8 hours after symptom onset in ischemic stroke. New Engl.
J. Med. 2015, 372, 2296–2306. [CrossRef] [PubMed]

http://dx.doi.org/10.1056/NEJMoa1411587
http://www.ncbi.nlm.nih.gov/pubmed/25517348
http://dx.doi.org/10.1056/NEJMoa1414792
http://www.ncbi.nlm.nih.gov/pubmed/25671797
http://dx.doi.org/10.1056/NEJMoa1414905
http://dx.doi.org/10.1056/NEJMoa1415061
http://dx.doi.org/10.1056/NEJMoa1503780
http://www.ncbi.nlm.nih.gov/pubmed/25882510


Medicina 2020, 56, 353 9 of 10

6. Kang, D.H.; Kim, B.M.; Kim, D.J.; Suh, S.H.; Kim, D.I.; Kim, Y.S.; Huh, S.K.; Park, J.; Lee, J.W.; Kim, Y.B.
MR-DWI-Positive lesions and symptomatic ischemic complications after coiling of unruptured intracranial
aneurysms. Stroke 2013, 44, 789–791. [CrossRef]

7. Lee, S.H.; Jang, M.U.; Kang, J.; Kim, Y.J.; Kim, C.; Sohn, J.H.; Yang, J.; Jeon, J.P.; Cho, Y.; Choi, H.J. Impact of
reducing the procedure time on thromboembolism after coil embolization of cerebral aneurysms. Front. Neurol.
2018, 9, 1125. [CrossRef]

8. Song, J.; Shin, Y.S. Antiplatelet drug resistance did not increase the thromboembolic events after stent-assisted
coiling of unruptured intracranial aneurysm: A single center experience of 99 cases. Neurol. Sci. 2017, 38,
879–885. [CrossRef]

9. Xu, X.; Feng, Y.; Bai, X.; Ma, Y.; Wang, Y.; Chen, Y.; Yang, B.; Ling, F.; Zhang, X.; Jiao, L. Risk factors for silent
new ischemic cerebral lesions following carotid artery stenting. Interv. Neuroradiol. 2020. Online ahead of
print. [CrossRef]

10. Hacke, W.; Kaste, M.; Fieschi, C.; Toni, D.; Lesaffre, E.; von Kummer, R.; Boysen, G.; Bluhmki, E.; Höxter, G.;
Mahagne, M.H.; et al. Intravenous thrombolysis with recombinant tissue plasminogen activator for acute
hemispheric stroke. The European Cooperative Acute Stroke Study (ECASS). JAMA 1995, 274, 1017–1025.
[CrossRef]

11. Kim, M.S.; Jo, K.I.; Yeon, J.Y.; Kim, J.S.; Kim, K.H.; Jeon, P.; Hong, S.C. Association between postprocedural
infarction and antiplatelet drug resistance after coiling for unruptured intracranial aneurysms. AJNR Am.
J. Neuroradiol. 2016, 37, 1099–1105. [CrossRef] [PubMed]

12. Ihn, Y.K.; Shin, S.H.; Baik, S.K.; Choi, I.S. Complications of endovascular treatment for intracranial aneurysms:
Management and prevention. Interv. Neuroradiol. 2018, 24, 237–245. [CrossRef] [PubMed]

13. Park, J.C.; Lee, D.H.; Kim, J.K.; Ahn, J.S.; Kwun, B.D.; Kim, D.Y.; Choi, C.G. Microembolism after endovascular
coiling of unruptured cerebral aneurysms: Incidence and risk factors. J. Neurosurg. 2016, 124, 777–783.
[CrossRef]

14. Alawieh, A.; Vargas, J.; Fargen, K.M.; Langley, E.F.; Starke, R.M.; De Leacy, R.; Chatterjee, R.; Rai, A.;
Dumont, T.; Kan, P.; et al. Impact of procedure time on outcomes of thrombectomy for stroke. J. Am. Coll.
Cardiol. 2019, 73, 879–890. [CrossRef]

15. Flottmann, F.; Leischner, H.; Broocks, G.; Nawabi, J.; Bernhardt, M.; Faizy, T.D.; Deb-Chatterji, M.; Thomalla, G.;
Fiehler, J.; Brekenfeld, C. Recanalization rate per retrieval attempt in mechanical thrombectomy for acute
ischemic stroke. Stroke 2018, 49, 2523–2525. [CrossRef]

16. Iwata, T.; Mori, T.; Tajiri, H.; Miyazaki, Y.; Nakazaki, M.; Mizokami, K. Initial experience of a novel
sheath guide for transbrachial coil embolization of cerebral aneurysms in the anterior cerebral circulation.
Neurosurgery 2013, 72, 15–19. [CrossRef] [PubMed]

17. Alakbarzade, V.; Pereira, A.C. Cerebral catheter angiography and its complications. Pract. Neurol. 2018, 18,
393–398. [CrossRef]

18. Bracard, S.; Ducrocq, X.; Mas, J.L.; Soudant, M.; Oppenheim, C.; Moulin, T.; Guillemin, F. Mechanical
thrombectomy after intravenous alteplase versus alteplase alone after stroke (THRACE): A randomised
controlled trial. Lancet Neurol. 2016, 15, 1138–1147. [CrossRef]

19. Coutinho, J.M.; Liebeskind, D.S.; Slater, L.A.; Nogueira, R.G.; Clark, W.; Dávalos, A.; Bonafé, A.; Jahan, R.;
Fischer, U.; Gralla, J.; et al. Combined intravenous thrombolysis and thrombectomy vs thrombectomy alone
for acute ischemic stroke: A pooled analysis of the SWIFT and STAR studies. JAMA Neurol. 2017, 74, 268–274.
[CrossRef]

20. Albayram, S.; Selcuk, D. Thromboembolic events associated with Guglielmi detachable coil embolization of
asymptomatic cerebral aneurysms: Evaluation of 66 consecutive cases with use of diffusion-weighted MR
imaging. AJNR Am. J. Neuroradiol. 2004, 25, 159–160.

21. Soeda, A.; Sakai, N.; Murao, K.; Sakai, H.; Ihara, K.; Yamada, N.; Imakita, S.; Nagata, I. Thromboembolic
events associated with Guglielmi detachable coil embolization with use of diffusion-weighted MR imaging.
Part II. Detection of the microemboli proximal to cerebral aneurysm. AJNR Am. J. Neuroradiol. 2003, 24,
2035–2038. [PubMed]

22. Yi, H.J.; Sung, J.H.; Lee, D.H. Bridging intravenous thrombolysis before mechanical thrombectomy for large
artery occlusion may be detrimental with thrombus fragmentation. Curr. Neurovascular Res. 2020, 17, 18–26.
[CrossRef]

http://dx.doi.org/10.1161/STROKEAHA.112.669853
http://dx.doi.org/10.3389/fneur.2018.01125
http://dx.doi.org/10.1007/s10072-017-2859-z
http://dx.doi.org/10.1007/s00234-020-02447-3
http://dx.doi.org/10.1001/jama.1995.03530130023023
http://dx.doi.org/10.3174/ajnr.A4777
http://www.ncbi.nlm.nih.gov/pubmed/27056423
http://dx.doi.org/10.1177/1591019918758493
http://www.ncbi.nlm.nih.gov/pubmed/29466903
http://dx.doi.org/10.3171/2015.3.JNS142835
http://dx.doi.org/10.1016/j.jacc.2018.11.052
http://dx.doi.org/10.1161/STROKEAHA.118.022737
http://dx.doi.org/10.1227/NEU.0b013e31826e2cd9
http://www.ncbi.nlm.nih.gov/pubmed/22902342
http://dx.doi.org/10.1136/practneurol-2018-001986
http://dx.doi.org/10.1016/S1474-4422(16)30177-6
http://dx.doi.org/10.1001/jamaneurol.2016.5374
http://www.ncbi.nlm.nih.gov/pubmed/14625228
http://dx.doi.org/10.2174/1567202617666191223143831


Medicina 2020, 56, 353 10 of 10

23. Kim, B.; Kim, K.; Jeon, P.; Kim, S.; Kim, H.; Byun, H.; Cha, J.; Hong, S.; Jo, K. Thromboembolic complications in
patients with clopidogrel resistance after coil embolization for unruptured intracranial aneurysms. AJNR Am.
J. Neuroradiol. 2014, 35, 1786–1792. [CrossRef] [PubMed]

24. Bushnell, C.D.; Goldstein, L.B. Diagnostic testing for coagulopathies in patients with ischemic stroke. Stroke
2000, 31, 3067–3078. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3174/ajnr.A3955
http://www.ncbi.nlm.nih.gov/pubmed/24831597
http://dx.doi.org/10.1161/01.STR.31.12.3067
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Patient Selection Criteria 
	Data Collection and Patient Characteristics 
	Procedures 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

