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Intracranial Hemorrhage after  
Endovascular Revascularization  
for Acute Ischemic Stroke
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Objective: Intracranial hemorrhage (ICH) after endovascular revascularization (ER) for acute ischemic stroke is 
associated with poor outcome. In this study, we examined the risk factors for postoperative ICH in patients who underwent 
ER in our hospital.
Methods: We investigated the incidence/type of postoperative ICH and risk factors in 157 patients who underwent ER 
in our hospital from July 2011 to June 2015.
Results: Postoperative ICH, including asymptomatic ICH, was observed in 57 (36.3%) patients. Symptomatic ICH 
occurred in seven patients (4.5%). According to the Safe Implementation of Thrombolysis in Stroke-Monitoring Study 
classification, hemorrhagic infarction type 2 and parenchymal hematoma type 2 were observed in 27 (47.4%) and 
4 (7.0%) patients, respectively, of all patients with ICH. The frequency of patients with functional independence (score of 
0–2 on the modified Rankin scale) 90 days after ER was significantly lower in patients with than without ICH (p <0.01). 
We performed a multivariate analysis of factors associated with postoperative ICH. The oral administration of 
anticoagulants prior to onset (p = 0.019; odds ratio [OR], 3.17; 95% confidence interval [CI], 1.22–8.54) and a prolonged 
onset-to-recanalization time (p = 0.043; OR, 1.11; 95% CI, 1.01–1.24) were associated with poor outcome.
Conclusion: ICH after ER may lead to an unfavorable outcome. Risk factors for ICH after ER included the oral 
administration of anticoagulants prior to onset and a prolonged onset-to-recanalization time.
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Introduction

Intracranial hemorrhage (ICH) after endovascular revascu-
larization (ER) for acute ischemic stroke is associated with 
poor outcome.1) In this study, we examined the incidence 
and type of postoperative ICH and its prognostic factors in 
patients who underwent ER in our hospital.

Materials and Methods

We investigated retrospectively 157 patients who under-
went ER in our hospital from July 2011 to June 2015. 
Given the retrospective enrollment of each patient in the 
present study, written informed consent for participation 
was waived. This strategy is in accordance with the guide-
lines for epidemiological studies issued by the Ministry of 
Health, Labor and Welfare of Japan, and the Institutional 
Review Board of Kobe City Medical Center General Hos-
pital approved this study. A diagnosis of postoperative ICH 
was made using computed tomography or T2* magnetic 
resonance imaging within 36 hours after treatment. Accord-
ing to the Safe Implementation of Thrombolysis in 
Stroke-Monitoring Study (SITS-MOST) classification, 
ICH was classified as follows: hemorrhagic infarction (HI) 
type 1 and 2, parenchymal hematoma (PH) type 1 and 2, 
remote parenchymal hematoma (PHr) type 1 and 2, and 
subarachnoid hemorrhage (SAH).2) Patients with a ≥4-point 
exacerbation of the National Institute of Health Stroke 
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Scale (NIHSS) score related to ICH were defined as having 
symptomatic ICH (sICH).2–4)

We examined the correlation between the functional 
outcome with the modified Rankin scale (mRS) score 
90 days after ER and the development of postoperative 
ICH. Patients with an mRS score of 0 to 2 were considered 
to have functional independence. In addition, we statisti-
cally analyzed the following factors with respect to their 
possible association with postoperative ICH.

Patient background: Age; sex; history of hypertension, 
diabetes mellitus, dyslipidemia, or stroke; presence or 
absence of cerebral microbleeds, the presence of which 
was defined as at least one area of low signal intensity in 
the cerebrum, cerebellum, or brain stem on preoperative 
T2* magnetic resonance imaging; presence or absence of 
oral antiplatelet drug use before onset; presence or absence 
of oral anticoagulants, including warfarin/new anticoagu-
lants (direct oral anticoagulants [DOACs]), before onset; 
and presence or absence of oral statins before onset.

ER-related factors other than procedures: Side of infarc-
tion (left or right), site of occlusion, etiology, systolic blood 
pressure on admission, diastolic blood pressure on admis-
sion, blood glucose level on admission, NIHSS score on 
admission, Alberta Stroke Program Early Computed Tomog-
raphy Score (ASPECTS), presence or absence of intravenous 
thrombolysis with tissue plasminogen activator (tPA), onset- 
to-recanalization time, and puncture to recanalization time.

ER procedure-associated factors: Devices, maximum/
final activated clotting time, procedure-associated techni-
cal complications (vessel perforation/dissection), and final 
Thrombolysis in Cerebral Infarction grade.

JMP9.0 software (SAS Institute, Cary, NC, USA) was 
used for all statistical analyses. For the univariate analysis, 
nominal variables were examined using the chi-square test 
and continuous variables using the unpaired t-test. For the 
multivariate analysis, multiple logistic regression analysis 
was adopted. A p value of 0.05 was considered statistically 
significant.

Results

Of 157 patients who underwent ER in our hospital during 
the observation period, postoperative ICH, including 
asymptomatic ICH, was noted in 57 (36.3%) patients. Of 
these patients, sICH was observed in seven (4.5%) patients 
(Fig. 1). According to the SITS-MOST classification, the 
ICH was evaluated as HI type 1 (HI1) in four patients (with-
out SAH), HI type 2 (HI2) in 27 (including seven with 

SAH), PH type 1 (PH1) in seven (including one with SAH), 
PH type 2 (PH2) in four (including two with SAH), PHr 
type 1 (PHr-1) in two (without SAH), PHr type 2 (PHr-2) in 
one (without SAH), and SAH alone in 12 (Fig. 2). Of the 
seven patients with sICH, hemorrhage related to procedure- 
associated complications (e.g., device-related vessel perfo-
ration or extraction injury of a perforating artery) was 
observed in three patients, and HI was observed in four 
patients (Fig. 3).

We also examined the relationship between postopera-
tive ICH and the functional outcome with the mRS score 
90 days after ER. In all ICH groups, there was a significant 
decrease in the rate of functional independence (mRS score 
of 0–2) 90 days after ER (p = 0.004) (Fig. 4). Additionally, 
no patients in the sICH or PH2 groups showed functional 
independence 90 days after ER.

We conducted a univariate analysis of ICH-correlated 
factors. Oral administration of anticoagulants prior to onset 

Fig. 1  Postoperative intracranial hemorrhage in 157 patients 
who underwent endovascular revascularization in our 
hospital.
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Fig. 2  Classification of postoperative intracranial hemorrhage 
after endovascular revascularization. HI: hemorrhagic 
infarction; PH: parenchymal hematoma; PHr: remote 
parenchymal hematoma; SAH: subarachnoid hemorrhage
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1.111; 95% CI, 1.006–1.236) were associated with postop-
erative ICH (Table 2).

Discussion

ICH after recanalization therapy, including intravenous 
thrombolysis with tPA, for acute ischemic stroke with large 
vessel occlusion is associated with poor outcome.3) One 
study revealed that postoperative ICH in patients undergo-
ing ER led to unfavorable outcomes.1) In the present study, 
there was a significant worsening of functional outcomes 

Fig. 3  Characteristics of patients with symptomatic intracranial hemorrhage after endovascular revascularization. A representative image of each 
patient is shown. ASPECTS: Alberta Stroke Program Early Computed Tomography Score; ICH: intracranial hemorrhage; IV-tPA: intrave-
nous tissue type plasminogen activator; mRS: modified Rankin scale; NIHSS: National Institute of Health Stroke Scale; PH: parenchymal 
hemorrhage; PHr: remote parenchymal hematoma; SAH: subarachnoid hemorrhage; TICI: thrombolysis in cerebral infarction grade

Age Sex Site NIHSS ASPECTS
IV-
tPA

Device TICI ICH
mRS
@90d

1 87 F IC 14 10 –
Merci,

Penumbra
2a PH2 6

Hemorrhagic
infarction

2 74 F M1 21 8 – Penumbra 0 SAH 6 Vessel perforation

3 70 M IC 7 5 – Angioplasty 3
SAH +
PH2

6 Vessel perforation

4 76 F M1 22 6 + Penumbra 2b PHr-2 4
Hemorrhage in new
territory (IV-tPA?)

5 70 F M1 11 11 – Stent 3
SAH +
PH2

3
Perforator injury with 

stent retriever

6 82 M M1 16 5 –
Stent,

Penumbra
2b PH2 5

Hemorrhagic 
infarction

7 78 M M1 16 5 – Stent 2b PH2 6
Hemorrhagic

infarction

1 2 3 4

5 6 7

(p = 0.002) and a prolonged onset-to-recanalization time 
(p = 0.02) were correlated with ICH (Table 1). In addition 
to these, we performed a logistic regression analysis of the 
following factors with a p value of <0.2: age (p = 0.19), 
oral administration of antiplatelet drugs prior to onset (p = 
0.099), blood glucose level on admission (p = 0.079), and 
procedure-associated complications (p = 0.069). After 
adjusting for these factors, the oral administration of anti-
coagulants prior to onset (p = 0.019; odds ratio [OR], 
3.166; 95% confidence interval [CI], 1.217–8.535) and a 
prolonged onset-to-recanalization time (p = 0.043; OR, 
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90 days after ER in patients with ICH (Fig. 4). A previous 
study indicated that the onset of sICH or PH2 after recanal-
ization therapy led to an unfavorable outcome.3) Likewise, 
no patient with sICH or PH2 showed functional indepen-
dence (mRS score of 0–2) 90 days after ER in our study. 
However, whether ICH other than sICH and PH2 leads to 
unfavorable outcomes remains controversial. Several stud-
ies have shown that ICH, other than PH2, after intravenous 
thrombolysis with tPA did not always lead to an unfavor-
able outcome,4,5) whereas another study indicated that it 
contributed to unfavorable outcomes.6) Furthermore, one 
study showed that two types of ICH (both PH and HI) after 
ER were functional prognosis-exacerbating factors.1) In the 
present study, 10 (20%) of 50 patients with asymptomatic 
ICH showed functional independence 90 days after ER; this 
percentage was lower than that in patients without ICH 
(40%). However, no patients with asymptomatic ICH 
exhibited an increase in the extent of hemorrhage that led to 
sICH during the study. Consequently, although the detailed 
mechanism remains elusive, the presence of sICH and 
asymptomatic ICH after ER may exacerbate the functional 
outcome 90 days after ER. Therefore, it may be important 
to evaluate the risk factors for postoperative ICH. For high-
risk patients, we should perform ER with special care under 
strict blood pressure control and anti-thrombotic manage-
ment and avoid ICH.

Large-scale studies of ER after approval of Merci 
retrievers showed that the incidences of asymptomatic ICH 
and sICH after ER ranged from 21.4% to 38.7% and from 
0.0% to 9.8%, respectively.7–13) In the present study, the 
incidences of asymptomatic ICH and sICH after ER were 
36.3% and 4.5%, respectively, which are similar to those in 
previous studies.

The efficacy of stent retrievers for ER with large vessel 
occlusion has been demonstrated in large-scale random-
ized controlled trials. This procedure causes asymptomatic 
ICH in some patients, but the incidence of sICH is similar 
to or lower than that related to conventional devices.9–14) 
Although stent retrievers were used in 53 (34%) patients in 
the present study, there were no significant differences in 
the incidences of ICH or sICH between the stent retriever 
and other groups (39.6% vs. 34.6% and 5.7% vs. 3.9%, 
respectively). The appearance of stent retrievers has mark-
edly increased the recanalization rate, overcoming issues 
regarding recanalization. However, postoperative ICH 
may be an important issue requiring focus in the future.

In this study, the oral administration of anticoagulants 
prior to onset and a prolonged onset-to-recanalization time 
were identified as independent risk factors for ICH after ER. 
The bleeding tendency related to the oral administration of 
anticoagulants prior to onset and enlargement of an ischemic 
core related to a delay in the onset-to-recanalization time 
may have contributed to the increase in the incidence of 
ICH after ER. Furthermore, univariate analysis showed 
that the oral administration of antiplatelet drugs prior to 
onset, hyperglycemia on admission, and procedure-associated 
technical complications might have been correlated with 
ICH after ER. The results of previous studies regarding 
risk factors for ICH after ER are summarized below.

Background factors before onset
According to previous studies, risk factors for ICH after ER 
include atrial fibrillation,15,16) diabetes mellitus/hyperglyce-
mia,1,15,17) old cerebral infarction of the basal ganglia,18) and 
leukoaraiosis.19) Although the oral administration of antico-
agulants prior to onset was also a risk factor in the present 
study, its contribution to ICH after ER was controversial in 
previous studies. De Marchis et al.20) demonstrated that 
there was no correlation, but Rebello et al.21) demonstrated 
that the increase in the incidence of PH may have contrib-
uted to the worsening of the mRS score 90 days after ER. 
However, De Marchis et al.20) modified their protocol by 
regulating the dose of urokinase in the oral anticoagulant 
group; therefore, the results must be carefully interpreted. 
Furthermore, in some studies, the oral administration of 
anticoagulants22) or antiplatelet drugs23) prior to onset 
increased the incidence of sICH in patients receiving intra-
venous thrombolysis with tPA. New non-vitamin-K-depen-
dent anticoagulants (DOACs) reportedly increase the 
incidence of asymptomatic ICH after ER without worsen-
ing the outcome.24) In the present study, 33 (21%) of the 

Fig. 4  Relationship between postoperative intracranial hemor-
rhage and the modified Rankin scale score 90 days after 
endovascular revascularization. ICH: intracranial hemor-
rhage; mRS: modified Rankin scale; PH: parenchymal 
hemorrhage; sICH: symptomatic intracranial hemorrhage 

mRS@90d : 0–2

all ICH(+) all ICH(–)

10/57
(17.5%)

40/100
(40%)

p=0.004 *

0/7
(0%)

50/150
(33.3%)

p=0.098
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0/4
(0%)
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p=0.31
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Table 2  Multiple logistic regression analysis of risk factors for postoperative 
intracranial hemorrhage

P value OR (95% CI)

 Age (per year) 0.85 1.00 (0.97–1.05)
 Antiplatelets 0.47 1.46 (0.52–4.10)
 Anticoagulants   0.019   3.17 (1.22–8.54)*

 Blood glucose (per mg/dL) 0.26 1.01 (1.00–1.01)
 Onset-recanalization (per hour)   0.043   1.11 (1.01–1.24)*

 Procedural complication   0.088     4.76 (0.86–36.94)

Table 1  Univariate analysis of risk factors for intracranial hemorrhage after endovascular revascularization

All Pt
(n = 157)

ICH (+)
(n = 57)

ICH (-)
(n = 100)

P value

Background
 Age, y.o.  76.1 ± 1.4  73.9 ± 1.0  0.19
 Male, n (%)   36/57 (63.2) 63/100 (63.0) 1
Risk factor, n (%)
 Hypertention   37/57 (64.9) 74/100 (74.0)   0.27
 Diabetes mellitus   14/57 (24.6) 25/100 (25.0) 1
 Dyslipidemia   14/57 (24.6) 31/100 (31.0)   0.46
 Past stroke   10/57 (17.5) 13/100 (13.0)   0.49
 Microbleeds   9/52 (17.3)  14/97 (14.4)   0.64
Medication before onset, n (%)
 Antiplatelets   16/57 (28.1) 16/100 (16.0)    0.099
 Anticoagulants   20/57 (35.1) 13/100 (13.0)    0.002*

 Statin   11/57 (19.3) 19/100 (19.0) 1
Evaluation before treatment
 Left side, n (%)   23/51 (45.1)  44/85 (51.8)   0.48
 Cardioembolic infarction, n (%)   38/57 (66.7) 60/100 (60.0)   0.49
 Systolic blood pressure, mmHg 150.9 ± 4.2 152.9 ± 3.8   0.71
 Diastolic blood pressure, mmHg  85.1 ± 2.8  82.7 ± 2.1   0.49
 Blood glucose, mg/dl 155.4 ± 6.5 141.1 ± 4.9    0.079
 Baseline NIHSS score, median (range)     20 (7–37)     20 (5–40)   0.97
 ASPECTS, median (range)       9 (5–10)      9 (4–10)   0.51
Treatment, n (%)
 IV-tPA   18/57 (31.6) 36/100 (36.0)  0.6
Occludid site, n (%)   0.53
 IC   20/57 (35.1) 27/100 (27.0)
 M1   23/57 (40.4) 45/100 (45.0)
 M2  8/57 (14.0) 15/100 (15.0)
 VA-BA  7/57 (12.3) 15/100 (15.0)
Time course, min
 Onset-recanalization   467.9 ± 36.3  359.6 ± 28.3   0.02*

 Puncture-recanalization 125.9 ± 8.6 116.1 ± 6.5   0.36
Devices, n (%)
 Stent retriever   21/57 (36.8) 32/100 (32.0)  0.6
 Penumbra   22/57 (38.6) 38/100 (38.0) 1
 Merci retriever   15/57 (26.3) 17/100 (17.0)   0.22
 LIF   2/57 (3.5) 5/100 (5.0) 1
 Angioplasty   13/57 (22.8) 21/100 (21.0)   0.84
Other procedural factors
 max ACT, sec 282.7 ± 8.1 275.1 ± 6.3   0.47
 final ACT, sec 236.9 ± 7.8 242.2 ± 6.1   0.59
 Procedural complication, n (%)   8/57 (14.0) 5/100 (5.0)    0.069
Final recanalization, n (%)
 TICI ≥2a   48/57 (84.2) 82/100 (82.0)   0.83
 TICI ≥2b   35/57 (61.4) 68/100 (68.0)   0.49

ACT: activated clotting time; ASPECTS: Alberta Stroke Program Early Computed Tomography Score; ICH: intracranial 
hemorrhage ; IV-tPA: intravenous tissue type plasminogen activator; LIF: local intra-arterial fibrinolysis; NIHSS: National 
Institute of Health Stroke Scale; TICI: thrombolysis in cerebral infarction grade

Journal of  Neuroendovascular Therapy Vol. 11, No. 8 (2017)



396

Arimura K, et al.

& Johnson, Stryker, and Terumo Corporation. All other 
authors have no conflict of interest.

References

 1) Nogueira RG, Gupta R, Jovin TG, et al: Predictors and 
clinical relevance of hemorrhagic transformation after 
endovascular therapy for anterior circulation large vessel 
occlusion strokes: a multicenter retrospective analysis of 
1122 patients. J Neurointerv Surg 2015; 7: 16–21.

 2) Wahlgren N, Ahmed N, Dávalos A, et al: Thrombolysis 
with alteplase for acute ischaemic stroke in the safe imple-
mentation of thrombolysis in stroke-monitoring study 
(SITS-MOST): an observational study. Lancet 2007; 369: 
275–282.

 3) Fiorelli M, Bastianello S, von Kummer R, et al: Hemor-
rhagic transformation within 36 hours of a cerebral infarct: 
relationships with early clinical deterioration and 3-month 
outcome in the European Cooperative Acute Stroke Study I 
(ECASS I) cohort. Stroke 1999; 30: 2280–2284.

 4) Larrue V, von Kummer RR, Müller A, et al: Risk factors 
for severe hemorrhagic transformation in ischemic stroke 
patients treated with recombinant tissue plasminogen acti-
vator: a secondary analysis of the European-Australasian 
Acute Stroke Study (ECASS II). Stroke 2001; 32: 438–441.

 5) Molina CA, Alvarez-Sabin J, Montaner J, et al: Thrombolysis- 
related hemorrhagic infarction: a marker of early reper-
fusion, reduced infarct size, and improved outcome in 
patients with proximal middle cerebral artery occlusion. 
Stroke 2002; 33: 1551–1556.

 6) Dzialowski I, Pexman JH, Barber PA, et al: Asymptomatic 
hemorrhage after thrombolysis may not be benign: progno-
sis by hemorrhage type in the Canadian alteplase for stroke 
effectiveness study registry. Stroke 2007; 38: 75–79.

 7) Smith WS, Sung G, Saver J, et al: Mechanical thrombec-
tomy for acute ischemic stroke: final results of the Multi 
MERCI trial. Stroke 2008; 39: 1205–1212.

 8) Tarr R, Hsu D, Kulcsar Z, et al: The POST trial: initial 
post-market experience of the penumbra system: revascu-
larization of large vessel occlusion in acute ischemic stroke 
in the United States and Europe. J Neurointerv Surg 2010; 
2: 341–344.

 9) Berkhemer OA, Fransen PS, Beumer D, et al: A random-
ized trial of intraarterial treatment for acute ischemic 
stroke. N Engl J Med 2015; 372: 11–20.

 10) Campbell BC, Mitchell PJ, Kleinig TJ, et al: Endovascular 
therapy for ischemic stroke with perfusion-imaging selec-
tion. N Engl J Med 2015; 372: 1009–1018.

 11) Goyal M, Demchuk AM, Menon BK, et al: Randomized 
assessment of rapid endovascular treatment of ischemic 
stroke. N Engl J Med 2015; 372: 1019–1030.

157 patients had received oral anticoagulants. Of these, three 
had received DOACs. ICH was observed in 19 (63.3%) 
patients in the warfarin group and in one (33.3%) in the 
DOAC group. The numbers of patients with sICH in the war-
farin and DOAC groups were two (6.7%) and zero (0.0%), 
respectively. There was no significant difference between the 
two groups, but the sample sizes were too small and further 
investigation is needed. In addition, our study has demon-
strated that the oral administration of antiplatelet drugs prior 
to onset and hyperglycemia on admission might contribute to 
ICH after ER. Thus, caution is also needed in such patients.

Size of ischemic core
Previous studies have reported that a delay in the start of 
treatment,1) low ASPECTS,25) inadequate collateral path-
way,26) occlusion of the internal carotid artery,16) and tan-
dem lesions17) are risk factors for ICH. The size of an 
ischemic core markedly influences the prognosis of patients 
undergoing ER, but it may also be an important factor for 
ICH after ER. In this study, the incidence of ICH signifi-
cantly increased when the onset-to-recanalization interval 
was prolonged.

Procedure-associated factors
In this study, the incidence of ICH after ER was higher in 
patients with procedure-associated technical complica-
tions. These complications, such as vessel perforation, 
directly contribute to ICH and therefore must be prevented. 
Other previously reported risk factors include the use of a 
Merci retriever,1,14) emergency stenting,27) and intravenous 
thrombolysis with tPA following selective intra-arterial 
injection of urokinase.17) Because the risk of hemorrhagic 
complications may change with advances in devices, fur-
ther investigation will be needed to identify patients at high 
risk of ICH after ER.

Conclusion

In patients undergoing ER for acute ischemic stroke, ICH 
may lead to an unfavorable outcome. Risk factors for ICH 
include the oral administration of anticoagulants prior to 
onset and a prolonged onset-to-recanalization time. There-
fore, caution is needed in these patients.

Disclosure Statement

Sakai N received a subsidy from Terumo Corporation and 
lecture fees from Otsuka Pharmaceutical Co. Ltd., Johnson 

Journal of  Neuroendovascular Therapy Vol. 11, No. 8 (2017)



397

ICH after EVT for AIS

 20) De Marchis GM, Jung S, Colucci G, et al: Intracranial hem-
orrhage, outcome, and mortality after intra-arterial therapy 
for acute ischemic stroke in patients under oral anticoagu-
lants. Stroke 2011; 42: 3061–3066.

 21) Rebello LC, Haussen DC, Belagaje S, et al: Endovascular 
treatment for acute ischemic stroke in the setting of antico-
agulation. Stroke 2015; 46: 3536–3539.

 22) Seet RC, Zhang Y, Moore SA, et al: Subtherapeutic interna-
tional normalized ratio in warfarin-treated patients increases 
the risk for symptomatic intracerebral hemorrhage after 
intravenous thrombolysis. Stroke 2011; 42: 2333–2335.

 23) Diedler J, Ahmed N, Sykora M, et al: Safety of intravenous 
thrombolysis for acute ischemic stroke in patients receiving 
antiplatelet therapy at stroke onset. Stroke 2010; 41: 288–294.

 24) Purrucker JC, Wolf M, Haas K, et al: Safety of endovascular 
thrombectomy in patients receiving non-vitamin K antago-
nist oral anticoagulants. Stroke 2016; 47: 1127–1130.

 25) Soize S, Barbe C, Kadziolka K, et al: Predictive factors 
of outcome and hemorrhage after acute ischemic stroke 
treated by mechanical thrombectomy with a stent-retriever. 
Neuroradiol 2013; 55: 977–987.

 26) Bang OY, Saver JL, Kim SJ, et al: Collateral flow averts 
hemorrhagic transformation after endovascular therapy for 
acute ischemic stroke. Stroke 2011; 42: 2235–2239.

 27) Dorado L, Castaño C, Millán M, et al: Hemorrhagic risk of 
emergent endovascular treatment plus stenting in patients 
with acute ischemic stroke. J Stroke Cerebrovasc Dis 2013; 
22: 1326–1331.

 12) Saver JL, Goyal M, Bonafe A, et al: Stent-retriever throm-
bectomy after intravenous t-PA vs. t-PA alone in stroke. 
N Engl J Med 2015; 372: 2285–2295.

 13) Jovin TG, Chamorro A, Cobo E, et al: Thrombectomy 
within 8 hours after symptom onset in ischemic stroke. N 
Engl J Med 2015; 372: 2296–306.

 14) Broussalis E, Trinka E, Hitzl W, et al: Comparison of 
stent-retriever devices versus the merci retriever for endo-
vascular treatment of acute stroke. AJNR Am J Neuroradiol 
2013; 34: 366–372.

 15) Natarajan SK, Dandona P, Karmon Y, et al: Prediction of 
adverse outcomes by blood glucose level after endovascu-
lar therapy for acute ischemic stroke. J Neurosurg 2011; 
114: 1785–1799.

 16) IMS Study Investigators: Hemorrhage in the interventional 
management of stroke study. Stroke 2006; 37: 847–851.

 17) Vora NA, Gupta R, Thomas AJ, et al: Factors predicting 
hemorrhagic complications after multimodal reperfusion 
therapy for acute ischemic stroke. AJNR Am J Neuroradiol 
2007; 28: 1391–1394.

 18) Loh Y, Liebeskind DS, Towfighi A, et al: Preprocedural 
basal ganglionic infarction increases the risk of hemor-
rhagic transformation but not worse outcome following 
successful recanalization of acute middle cerebral artery 
occlusions. World Neurosurg 2010; 74: 636–640.

 19) Shi ZS, Loh Y, Liebeskind DS, et al: Leukoaraiosis predicts 
parenchymal hematoma after mechanical thrombectomy in 
acute ischemic stroke. Stroke 2012; 43: 1806–1811.

Journal of  Neuroendovascular Therapy Vol. 11, No. 8 (2017)


