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Background: Asymptomatic intracerebral hemorrhage (AICH) is a common phe-
nomenon in patients with acute ischemic stroke (AIS) who were treated with endo-
vascular thrombectomy (ET). This study aimed to evaluate the clinical effects of
AICH and its risk factors in this patient population. Methods: This observational
study was based on a prospective registry study. AIS patients with large-vessel
occlusion in the anterior circulation and treated with ET were recruited. During
thrombectomy procedures, intra-arterial infusion of thrombolytics or antiplatelet
and permanent stenting were used as remedial therapies. The primary outcome
was the overall distribution of modified Rankin scale (mRS) 90 days after ET.
Results: This study included 102 patients (61.1 § 12.7 years old), in whom 39
patients (38.2%) experienced AICH. At 90-day follow-up, the median mRS was 2
(interquartile range [IQR] 0-3) for patients without AICH and 4 (IQR 2-6) for those
with AICH (adjusted P = .005). Fourteen patients with AICH and 7 patients without
AICH died, which was significantly different (35.9% versus 11.1%, adjusted
P = .015). Thirty-nine patients (61.9%) without AICH and 14 patients (35.9%) with
AICH achieved functional independence at 3-month follow-up (adjusted P = .117).
The length of intensive care unit staying was 5 days (IQR 2-10) in patients without
AICH and 8 days (IQR 3-19) in those with AICH (adjusted P = .840). In multivariate
analysis, lower Alberta Stroke Program Early CT Score (ASPECTS) (adjusted
P = .003) and adjunctively intra-arterial thrombolysis (adjusted P = .016) were inde-
pendently associated with AICH. Conclusions: In AIS patients treated with ET
AICH appears to be associated with worse functional outcomes and high mortality.
Lower ASPECTS and adjectively intra-arterial thrombolysis were independent risk
factors of AICH.
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Introduction

Several clinical trials have demonstrated the superiority of
endovascular thrombectomy (ET) for acute ischemic stroke
(AIS) caused by emergent large vessel occlusion in the ante-
rior circulation.1 However, intracerebral hemorrhage (ICH),
including symptomatic or asymptomatic depending on the
concomitant with neurological deterioration or not,2,3 is not
an uncommon complication in this patient population.4,5

Symptomatic ICH (sICH) occurs in 5%-16% of patients with
AIS after ET treatment, and it has been demonstrated to be
associated with worse clinical outcomes.1,6�8 Compared
with sICH, asymptomatic ICH (AICH) is a more common
complication in AIS patient undergoing ET, and previous
studies found that approximately 30%-40% of AIS patients
experienced AICH after thrombectomy.4,6,8

Intriguingly, AICH is also a common phenomenon in
AIS patients receiving intravenous thrombolysis, and its
incidence ranged 7%-40% depending on the study popu-
lation; previous studies have demonstrated that AICH
was associated with unfavorable outcomes.9�11 To date,
however, it is still unclear whether AICH has any influen-
ces on the clinical outcomes of AIS patients treated with
ET. This study aimed to investigate the clinical effects of
AICH on AIS patients treated with ET, and to evaluate
the risk factors of AICH in these patients.
Methods

Study Population

This study was based on a prospective registry study in
Xuanwu Hospital of Capital Medical University, which is a
high-volume comprehensive stroke center. The details of the
registry study (including patient's selection and treatment
procedures) have been described in our previous studies.6,12

The antiplatelet treatment protocols for patients treated with
ET were based on our institution's experiences; except for
Aspirin and Clopidogrel, tirofiban was used in some
patients. Details of the antiplatelet treatment protocols have
been described in our previous study.6

The present study included all AIS patients of the anterior
circulation who were treated with ET by using a second-
generation stent retriever device (i.e., Solitaire FR and Trevo)
from January 2013 to February 2017. The eligibility criteria
for the study were (1) AIS caused by the anterior circulation
proximal large artery occlusion and treated with ET using a
second-generation stent retriever; and (2) availability and
accessibility of data for auxiliary examinations and func-
tional outcomes. Patients with sICH were excluded. sICH
was defined according to the ECASS-III definition, as any
apparently extravascular blood in the brain or within the
cranium that was associated with clinical deterioration as
defined by an increase of 4 points or more in the score on
the National Institutes of Health Stroke Scale (NIHSS) score,
or that led to death and that was identified as the predomi-
nant cause of the neurologic deterioration.2
Data Collection

We used the following variables from the database: age,
sex, initial stroke severity assessed with the NIHSS score,13

initial CT evaluated with the Alberta Stroke Program Early
CT Score (ASPECTS),14 time from onset to groin puncture
and recanalization, cerebrovascular diseases risk factors,15

etiology of stroke according to the Trial of Org 10172 in
Acute Stroke Treatment (TOAST),16 location of occluded
artery, operation details, successful recanalization defined
as a Thrombolysis in Cerebral Infarction (TICI) score of 2b
or 3, ICH on follow-up CT, and 3-month and long-term
(if available) functional outcomes.
The study protocol was approved by the Ethic Committee

of Xuanwu Hospital of Capital Medical University. All
patients or their legally authorized representative provided
written informed consent at admission to our hospital.
Antiplatelet Treatment

According to our local standard protocol, the antiplatelet
treatment protocols include tirofiban, bridging with dual
antiplatelet and dual antiplatelet directly. The use of tirofiban
was at the discretion of the treating interventionists. If used, a
low-dose bolus of Tirofiban Hydrochloride and Sodium
Chloride Injection (Grand Pharmaceutical Co., Ltd. China;
Standard: 5 mg of tirofiban diluted with 100 mL of normal
saline) was administrated intra-arterially (at a standard rate
of 1 mL/min; the dose ranged from .25 to .5 mg). Intrave-
nous tirofiban was continued at a rate of 4-5 mL/h (i.e., .2 to
.25 mg/h) for 12-24 hours, and bridgedwith dual antiplatelet
therapy if the follow-up CT found no obvious ICH. Dual
antiplatelet therapy and intravenous tirofiban overlapped for
4 hours, and then intravenous tirofiban was stopped.
For patients who were intubated or had difficulty eating

and drinking, nasal administration was used for antiplatelet
drugs. Dual antiplatelets therapy with 100 mg aspirin and
75 mg clopidogrel was used once daily. However, for
patients naive to antiplatelet therapy prestroke, a loading
dose of 300 mg aspirin plus 300 mg clopidogrel was used.
For patients on aspirin alone prestroke, a loading dose of
300 mg clopidogrel plus 100 mg aspirin was used; and for
patients used clopidogrel alone prestroke, a loading dose of
300 mg aspirin plus 75 mg clopidogrel was used.
Imaging Assessment

Dual-energy head CT was generally performed
12-24 hours post-treatment. Head CT or MRI repeated
3-7 days post-treatment, or whenever an ICH was indi-
cated by clinical evidences. ICH and contrast agent
extravasation were distinguished by using postproce-
dural dual-energy head CT, and the result was con-
firmed on CT or MRI scans at 3-7 days post-treatment
by comparing with the previous CT scans. AICH was
defined as any other ICH except sICH. All imaging,
including angiograms, pre- and post-treatment CT, and
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post-treatment MRI (if available), were separately ana-
lyzed by a neurologist and a neuroradiologist. The
ASPECTS was evaluated on pretreatment CT scans.
ICH was evaluated on post-treatment images. Disagree-
ment was resolved by a consensus between the neurolo-
gist and neuroradiologist, if no consensus could be
reached, another reviewer made the final decision.

End points

The primary outcome was the overall distribution of
modified Rankin scale (mRS) 90 days after ET. Secondary
outcomes included (1) the proportion of patients who
achieved functional independence (mRS � 2) 90 days after
ET; (2) mortality at 3-month follow-up; (3) the length of
intensive care unit staying; and (4) the risk factors of AICH.

Statistical Methods

Baseline characteristics and outcomes were compared
between patients with andwithout AICH.Multivariate logis-
tic or linear regression analyses was performed with the 3-
month outcomes as the dependent variable, and with AICH,
age, NIHSS score, ASPECTS, time from onset to recanaliza-
tion, and successful recanalization as the covariates, which
has been reported to be the potential risk factors of functional
outcomes in AIS patients treated with ET. When investigat-
ing the risk factors of AICH, multivariate logistic regression
was performed with AICH as the dependent variable, and
age, NIHSS score, ASPECTS, time from onset to recanaliza-
tion, atrial fibrillation, stroke etiology, TICI, intra-arterial
thrombolysis, and the use of Tirofiban as the covariates.
For continuous data, means § standard deviation or

medians (interquartile range, IQR) were used to summa-
rize data, and two-sided t test for independent samples or
the Mann-Whitney U tests was performed to detect differ-
ences between groups. Frequencies and percentages were
used to summarize binary data, and between-group com-
parisons were performed using the chi-square or Fisher's
exact tests when appropriate.
All data were analyzed using SPSS 23.0 (IBM Inc. 1

New Orchard Road Armonk, New York 10504-1722
United States) with a significance level of P < .05 (2 sides).

Results

From January 2013 to February 2017, a total of 102 AIS
patients with emergent large vessel occlusion in the ante-
rior circulation who were treated with ET were eligible
for the analysis in this study.

Demographic and Clinical Characteristics

Among all 102 patients, 39 patients (38.2%) experienced
AICH (AICH group) as compared with 63 patients (61.8%)
did not (no AICH group). Baseline characteristics of all 102
patients were summarized in Table 1. The average age at
stroke onset was 61.1 § 12.7 years old; 70 patients (68.6%)
were male; and 31 patients (30.4%) were treated with intra-
venous alteplase prior to ET procedures. The median base-
line NIHSS score was 16 (IQR 12-21) points and median
ASPECTS was 9 (IQR 8-10) points. The median time from
onset to groin puncture was 288 (IQR 223-347) minutes, and
median time from onset to recanalization was 379 (IQR
314-434) minutes. During the ET procedure, permanent
stenting was performed in 27 patients (26.5%), 10 patients
(9.8%) were treated with additional intra-arterial thromboly-
sis, and 52 patients (51.0%) were treated with adjunct
tirofiban. Seventy-five patients (73.5%) achieved good reper-
fusion (TICI = 2b/3) after ET procedures. The cardiovascular
disease risk factors, stroke etiology, and other operation
details were also listed in Table 1.
Comparisons of the demographic and clinical character-

istics of patients with andwithout AICHwere also summa-
rized in Table 1. The age, gender, stroke characteristics,
cerebrovascular diseases risk factors, and treatment details
showed no statistical difference between groups (P > .05
each), but there was numerically more patient with AICH
received intra-arterial thrombolysis (17.9% versus 4.8%,
P = .067).

Clinical Outcomes

The overall distribution of mRS score was shown in
Figure 1. Ninety days after ET, the median mRS was 2 (IQR
0-3) for patients without AICH and 4 (IQR 2-6) for those
with AICH, which was significantly different between
groups (Table 2, P < .001). After adjusting other influential
factors, the difference was still significant (adjusted
P= .005). Compared with 39 of 63 patients (61.9%) without
AICH achieved functional independence 3 months post-ET,
14 of 39 patients (35.9%) with AICH achieved functional
independence which was significantly lower (P= .011).
However, after adjusting other risk factors, the difference
was not significant (odd ratio [OR], 2.48, 95% confidence
interval [CI] .80-7.71 adjusted P = .117). Fourteen patients
(35.9%) in the AICH group died (mRS scored 6) at 3 months
after the index stroke, while only 7 patients (11.1%) died in
those without AICH which was significantly different
(P = .003). After adjusting for other potential risk factors of
clinical outcomes, AICH was independently associated
with the 3-month mortality (OR, 7.08; 95% CI, 1.47-34.1,
adjusted P= .015). The length of intensive care unit staying
was 5 days (IQR 2-10) for patients without AICH and
8 days (IQR 3-19) for those with AICH, but the difference
was not statistically significant (P = .058).

Risk Factors of AICH

In order to evaluate the risk factors of AICH, potential fac-
tors were analyzed in the multivariate logistic regression
analysis, and only ASPECTS (OR, .53; 95% CI, .35�.80;
adjusted P= .003) and adjunctively intra-arterial thromboly-
sis (OR, 30.2; 95% CI, 1.90 to 47.9, P= .016) were indepen-
dently associated with AICH on post-treatment CT (Table 3).



Table 1. Characteristics of patients with and without asymptomatic intracerebral hemorrhage

Characteristics All Without AICH With AICH P value

N = 102 N = 63 N = 39

Age, mean (SD), y 61.1 (12.7) 60.6 (12.4) 61.7 (13.3) .665

Male, n (%) 70 (68.6) 45 (71.4) 25 (64.1) .438

NIHSS score, median (IQR) 16 (12-21) 15 (12-21) 16 (13-20) .678

ASPECTS, median (IQR) 9 (8-10) 9 (8-10) 9 (7.75-9.25) .061

Intravenous thrombolysis, n (%) 31 (30.4) 21 (33.3) 10 (25.6) .412

OTP, median (IQR), min 288 (223-347) 268 (223-330) 315 (216-364) .228

OTR, median (IQR), min 379 (314-434) 372 (312-433) 398 (323-439) .378

Hypertension, n (%) 57 (55.9) 35 (55.6) 22 (56.4) .933

Diabetic mellitus, n (%) 20 (19.6) 12 (19.0) 8 (20.5) .856

Atrial fibrillation, n (%) 35 (34.3) 19 (30.2) 16 (41.0) .261

Preantiplatelet, n (%) 31 (30.4) 22 (34.9) 9 (23.1) .206

Smoking, n (%) 37 (36.3) 26 (41.3) 11 (28.2) .182

Stroke etiology, n (%)

Large-artery atherosclerosis 62 (60.8) 43 (68.3) 19 (48.7) .050

Cardioembolic 30 (29.4) 16 (25.4) 14 (35.9) .258

Others 10 (9.8) 4 (6.3) 6 (15.4) .251

Occlusion site, n (%)

ICA 50 (49.0) 33 (52.4) 17 (43.6) .388

MCA 52 (51.0) 30 (47.6) 22 (56.4) .388

Operation details

Permanent stenting, n (%) 27 (26.5) 16 (25.4) 11 (28.2) .755

Adjunctively intra-arterial thrombolysis, n (%) 10 (9.8) 3 (4.8) 7 (17.9) .067

Adjunctive tirofiban, n (%) 52 (51.0) 30 (47.6) 22 (56.4) .388

TICI, 2b or 3, n (%) 75 (73.5) 48 (76.2) 27 (69.2) .439

Abbreviations: AICH, asymptomatic intracerebral hemorrhage; ASPECTS, Alberta Stroke Program Early Computed Tomography Score;

ICA, intracranial carotid artery; IQR, interquartile range; MCA, middle cerebral artery; NIHSS, National Institute of Health Stroke Scale;

OTR, onset to recanalization time; OTP, onset to groin puncture time; SD, standard deviation; TICI, modified Thrombolysis in Cerebral

Infarction.

Figure 1. Score on the modified Rankin Scale (mRS) at 3 months. AICH, asymptomatic intracerebral hemorrhage. Numbers in the figure are percentage of
patients.
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Discussion

In this study, we found that AICH on post-treatment
CT was associated with poor clinical outcomes and higher
mortality in AIS patients with large artery occlusion in the
anterior circulation who were treated with ET, and the
length of intensive care unit staying was much longer in
patients with AICH. In addition, lower ASPECTS and the
use of intra-arterial thrombolysis were the independently
risk factors of AICH.
Consistent with previous studies,6,8 we found approxi-

mately 40% of patients experienced AICH after ET in this



Table 2. Clinical outcomes at 3-month follow-up

Without AICH With AICH P value b/adjusted OR (95CI)* P value*

N = 63 N = 39

mRS, median (IQR) 2 (0-3) 4 (2-6) <.001 1.34 (.42-2.26) .005

mRS � 2, n (%) 39 (61.9) 14 (35.9) .011 2.48 (.80-7.71) .117

mRS, 6, n (%) 7 (11.1) 14 (35.9) .003 7.08 (1.47-34.1) .015

ICU days, median (IQR), d 5 (2-10) 8 (3-19) .058 .42 (-3.73-4.57) .840

Abbreviations: AICH, asymptomatic intracerebral hemorrhage; ICU, intensive care units; IQR, interquartile range; mRS, modified Rankin

Scale.

*AICH was adjusted by variables including age, National Institute of Health Stroke Scale score, Alberta Stroke Program Early
CT Score, onset to recanalization time and successful recanalization (Thrombolysis in Cerebral Infarction score of 2b or 3).

Table 3. Risk factors of asymptomatic intracerebral hemorrhage

Adjusted* P value

OR 95% CI

Age .98 .93-1.04 .565

NIHSS score 1.07 .95-1.20 .266

ASPECTS .53 .35-.80 .003

OTR 1.00 .99-1.01 .402

AF 2.15 .36-12.8 .400

TOAST 1.69 .95-3.01 .074

TICI,2b/3 .76 .18-3.27 .717

Adjunctively intra-arterial thrombolysis 30.2 1.90-47.9 .016

Tirofiban 4.73 .95-23.5 .057

Abbreviations: AF, atrial fibrillation; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; NIHSS, National Institute

of Health Stroke Scale; OTR, onset to recanalization time; TOAST, classification according to the Trial of Org 10172 in Acute Stroke Treat-

ment; TICI, Thrombolysis in Cerebral Infarction.

*Age, National Institute of Health Stroke Scale score, Alberta Stroke Program Early Computed Tomography Score, time from
onset to recanalization, atrial fibrillation, stroke etiology, Thrombolysis in Cerebral Infarction, intra-arterial thrombolysis, and
the use of Tirofiban were used as covariates in multivariate logistic regression.
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study. In previous studies recruiting AIS patients treated
with intravenous thrombolysis, AICH has been demon-
strated to be associated with worse clinical outcomes.9,17

Intriguingly, in this study, we found that AICH was also
associated with poor functional outcomes and high mor-
tality in AIS patients treated with ET. Therefore, the
“asymptomatic” hemorrhage may not always be asymp-
tomatic and benign in AIS patients treated with reperfu-
sion therapy. Heidelberg Bleeding Classification,3 another
classification of bleeding events after reperfusion therapy,
includes ICH and intracranial-extracerebral hemorrhage
especially subarachnoid hemorrhage (SAH). In the data-
base, no patients experienced subdural or intraventricular
hemorrhage. Two patients who experienced SAH were
excluded because one concomitant with SICH and the
other was posterior circulation stroke. The occurrence of
SAH was lower than reported study in about 5% of the
cases.18 This discrepancy may be attributed to the follow-
ing reasons. First and foremost, in Yilmaz's study, conven-
tional CT scan immediately after the procedure was used
to detect intracranial hemorrhage. Contrary to Yilmaz's
study, in our study, dual-energy CT was conducted 12-
24 hours. Previous study has determined that dual-energy
CT could reliably differentiate high density areas related
to iodine contrast extravasation or hemorrhage.19 In
addition, in our study, second-generation stent retriever
device was used, and the previous study had found that
second-generation stent retrievers had fewer complica-
tions than first-generation device.20

The underlying mechanisms of AICH results in poor
clinical outcomes are still unclear, the early disruption of
the blood-brain barrier may be attributable to this phe-
nomenon.21 In AIS patients treated with ET, in addition to
brain tissue infarction, procedure-related vessel damage
and the toxicity of intra-arterial contrast material also
cause disruption of the blood-brain barrier,22 and the
injured blood-brain barrier may result in the leakage of
blood and contrast agent into cerebral parenchyma. The
elimination of contrast staining and ICH may cause inju-
ries to the brain tissue, which may lead to worse clinical
outcome in AIS patients.23,24 In addition, the AICH may
indicate more severe of stroke, which may not be detected
by the neurological assessment scales (e.g., NIHSS score,
ASPECTS, or other scales).
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Consistent with previous studies,8,25 we found that
both lower ASPECTS and intra-arterial thrombolysis
were independently associated with AICH in this study.
This may be explained by the lower ASPECTS on pretreat-
ment CT scans are associated with large infarct volume
and severe disruption of the blood-brain barrier,26 and the
thrombolysis agent itself may increase the risk of ICH in
AIS patients.27 However, different with previous studies,
cardioembolic stroke (indicated by atrial fibrillation) and
delayed recanalization were not found to be the risk fac-
tors of ICH in our study, this discrepancy may be attribut-
able to the relatively small sample size and the exclusion
of sICH in our study.
In the present study, the stroke etiology of most

patients was large artery atherosclerosis, a large percent-
age of AIS patients were treated with tirofiban, which
was a glycoprotein IIb/IIIa antagonist with a short half-
life and could be used to prevent local platelet aggression.
Although, the study found high dose of tirofiban was
associated with risk of fatal ICH in AIS patients treated
with ET,28 low dose of tirofiban was used in this study,
and our previous report has demonstrated that this treat-
ment protocol did not increase the incidence of ICH and
sICH.6 In this study, multivariate regression analysis was
performed and its results further confirmed that tirofiban
was not associated with AICH.
There are several limitations in this study. First, this

was a single-center study and only a relatively small num-
ber of patients were recruited, which might lead to false-
positive results. Therefore, the findings of this study
should be interpreted cautiously. Second, CT was used to
assess radiologic characteristics and may not be as sensi-
tive as gradient echo T2*-weighted MRI.29 Accordingly,
some patients with microbleeding may have been classi-
fied into the no-AICH group. In addition, this was an
observational study, and potential confounders (including
both known and unknown factors) could have influenced
the study results.

Conclusions

AICH appears to result in lower odds of functional
independence and higher odds of deaths in AIS patients
treated with ET, and lower ASPECTS and intra-arterial
thrombolysis were independent risk factors of AICH.
Much larger studies are needed to confirm these results
and investigate the underlying mechanisms.
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