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ABSTRACT

Background and purpose Endovascular techniques
are frequently employed to treat large artery occlusion in
acute ischemic stroke (AIS). We sought to determine the
predictors and clinical impact of intracranial hemorrhage
(ICH) after endovascular therapy.

Methods Retrospective analysis of consecutive patients
presenting to 13 high volume stroke centers with AIS
due to proximal occlusion in the anterior circulation who
underwent endovascular treatment within 8 h from
symptom onset. Logistic regression was performed to
determine the variables associated with ICH,
hemorrhagic infarction (HI), and parenchymal
hematomas (PHs), as well as 90 day poor outcome
(modified Rankin Scale score >3) and mortality.
Results There were a total of 363 ICHs (overall rate
32.3%; HI=267, 24%; PH=96, 8.5%) among the 1122
study patients (mean age 67+15 years; median National
Institutes of Health Stroke Scale score 17 (IQR 13-20)).
Independent predictors for HI included diabetes mellitus
(OR 2.27, 95% Cl (1.58 to 3.26), p<0.0001),
preprocedure |V tissue plasminogen activator (tPA) (1.43
(1.03 to 2.08), p<0.037), Merci thrombectomy (1.47
(1.02 to 2.12), p<0.032), and longer time to puncture
(1.001 (1.00 to 1.002), p<0.026). Patients with atrial
fibrillation (1.61 (1.01 to 2.55), p<0.045) had a higher
risk of PH while the use of 1A tPA (0.57 (0.35 to 0.90),
p<0.008) was associated with lower chances of PH.
Both the presence of HI (2.23 (1.53 to 3.25),
p<0.0001) and PH (6.24 (3.06 to 12.75), p<0.0001)
were associated with poor functional outcomes;
however, only PH was associated with higher mortality
(3.53 (2.19 to 5.68), p<0.0001).

Conclusions Greater understanding about the
predictors and consequences of ICH post endovascular
stroke therapy is essential to improve risk assessment,
patient selection/clinical outcomes, and early
prognostication. Our data suggest that patients with
atrial fibrillation are particularly prone to severe ICH and
question the ‘benign’ nature of HI suggested by earlier
studies.

Intracranial hemorrhage (ICH) is a potentially
catastrophic complication after reperfusion therapies

for treatment of acute ischemic stroke (AIS). This
complication has been linked to the use of, and
dosage of, thrombolytic drugs, advanced age,
increased time to treatment, higher baseline
National Institutes of Health Stroke Scale (INTHSS)
score, high systolic blood pressure, hyperglycemia,
diabetes mellitus, pretreatment involvement of the
basal ganglia, and the extent of ischemic injury
prior to administration of therapy.! 2

The definition of a symptomatic ICH (SICH)
after reperfusion therapy has not been standar-
dized.> A recent study demonstrated that none of
the four most commonly applied definitions of
SICH after stroke thrombolysis (eg, National
Institute of Neurological Disorders and Stroke
(NINDS), European Cooperative Acute Stroke
Study (ECASS) 2, Safe Implementation of
Thrombolysis in Stroke (SITS), and ECASS 3) com-
prises an optimal combination of prediction of
mortality/outcome and a high inter-rater agreement
rate, and suggested that future trials should use
multiple definitions.’> There are many factors that
may prevent a precise determination of the clinical
implications of ICH. In patients with large territory
infarcts, neurologic decline may also occur due to
superimposed malignant edema. Many patients
with severe strokes, and in particular the ones who
undergo endovascular therapy, may be placed on
mechanical ventilation and the inconsistent examin-
ation in this setting may be misconstrued as a true
neurologic deterioration. The more recent SICH
definitions employed in the SITS Registry® and
ECASS 1II trial” require adjudication of the cause
of neurological deterioration allowing for adjust-
ments for other causes of clinical decline, such as
early cerebral edema, fever, hypoxemia, sedation,
and other systemic conditions.

Better understanding of the factors that predis-
pose to SICH may allow for better treatment selec-
tion and improved outcomes. Greater knowledge
about the consequences of SICH may assist with
early prognostication and establishing goals of care.
Three prediction models to estimate the risk of
SICH after IV thrombolysis have been recently pro-
posed and validated.>'® These studies have
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Ischemic stroke

identified age, baseline NIHSS, systolic blood pressure, blood
glucose, Asian race, male gender, body weight, stroke onset to
treatment time, use of aspirin or combined aspirin and clopido-
grel, and admission CT findings, including early infarct signs
and hyperdense cerebral artery sign, as the most powerful pre-
dictors. However, there is a paucity of data about the predictors
and consequences of SICH in patients treated with endovascular
therapy.

The ECASS classification has been utilized for grading post-
treatment hemorrhages where hemorrhagic infarction type 1
(HI-1) reflects small petechiae, HI-2 confluent petechiae, paren-
chymal hematoma type 1 (PH-1) hematoma that is less than
30% of the infarcted area, and PH-2 where the hematoma is
greater than 30% of the infarcted area with a significant space
occupying effect."’ This definition has been more widely
adopted for acute stroke treatment as it may better reflect the
causal association between hemorrhage and poor outcome—
that is, if patients develop a PH-type bleed.> We reviewed a mul-
ticenter clinical experience of the predictors of hemorrhagic
transformation (HT) according to the ECASS classification (HI
and PH) and sought to determine the impact of these bleeding
types on clinical outcomes following endovascular therapy.

METHODS

This retrospective analysis was approved by the institutional
review board from each of the 13 participating institutions as
well as the coordinating institution to assess predictors and clin-
ical impact of ICH associated with endovascular therapy for
AIS. Each site completed a data collection sheet consisting of
demographic variables (de-identified), baseline (preprocedural)
NIHSS scores, IV tissue plasminogen activator (tPA) usage, loca-
tion of thrombus within the intracranial cerebral circulation
(including tandem occlusions), technical aspects of the proced-
ure (devices and pharmacologic agents used), Thrombolysis in
Myocardial Infarction (TIMI) recanalization grade, postproce-
dural hemorrhage, and 90 day outcomes. Multimodal therapy
was defined as the use of a mechanical device in conjunction
with a pharmacologic agent (administered IV and/or IA).
Inclusion criteria for this analysis were: (1) AIS involving the
proximal anterior circulation (internal carotid artery and/or
middle cerebral artery (MCA) M1 or M2 segments); (2) endo-
vascular therapy within 8 h from symptom onset with available
post-treatment recanalization grade; (3) follow-up imaging for
hemorrhage grading; and (4) 90 day clinical outcome. Patients
with posterior circulation strokes and those in whom IA therapy
was not performed (spontaneous or IV tPA induced recanaliza-
tion) were not included in the analysis. A total of 1122 patients
met the inclusion criteria. Three month follow up was available
in 1033 patients.

A post-treatment TIMI score of 2 or 3 was defined as success-
ful recanalization. Cerebral hemorrhages were classified as HI or
PH based on previously published guidelines.!! Hemorrhage
was distinguished from contrast staining by assessing for clear-
ance of the hyperdensity on the 24-36 h post treatment CT scan
or by means of brain MRI gradient echo sequence.
Recanalization grades and hemorrhages were classified by
experienced neuroradiologists, stroke neurologists, or neuroin-
terventionists at each individual center. None of the centers
relied on radiology reports. All CT and MRI scans were
reviewed by a study investigator with proper training and
knowledge about the ECASS ICH classification. Poor functional
outcome was defined as a modified Rankin Scale score of >3 at
90 days.

Statistical analysis

A univariate analysis was performed using Fisher’s exact test for
categorical variables and the Student’s t test for continuous vari-
ables to identify predictors of HI and PH. A binary logistic
regression was then constructed using variables with a p value
<0.20 to determine independent predictors of HI and PH. A
binary logistic regression model was also constructed to deter-
mine predictors of outcomes in a similar manner as previously
described.'? Analysis was performed using SPSS V.10.0 (SPSS
Inc, Chicago, Illinois, USA).

RESULTS

A total of 1122 patients met the inclusion criteria for this study.
Mean age for the cohort was 67+15 years with a median
NIHSS score of 17 (IQR 13-20). Of these patients, 52% were
women, 69% were known to have hypertension, 24% were dia-
betic, and 39% had a history of atrial fibrillation. The distribu-
tion for thrombus location was as follows: MCA-M1 segment
560 (50%), carotid terminus 214 (19%), MCA-M2 172 (15%),
tandem occlusions 141 (13%), and isolated extracranial internal
carotid artery occlusion 35 (3%). A total of 371 patients (33%)
received IV tPA prior to endovascular therapy. Successful reca-
nalization was achieved in 69% of patients, with 37% of all
patients achieving a good outcome. The mean time from
symptom onset to recanalization was 422 +286 min. The overall
mortality rate was 30%. PHs occurred in 96 (8.5%) patients
and HI in 267 (24%) patients.

Tables 1 and 2 summarize the univariate and multivariate ana-
lysis of predictors of any ICH. Table 3 summarizes the univari-
ate analysis of predictors of HI. Higher baseline NIHSS, history
of diabetes mellitus, longer time from symptom onset to arterial
puncture, IV tPA, and use of Merci thrombectomy device were
associated with a higher risk for HI. Occlusion of the M2 MCA
segment was associated with a lower risk for HI. Table 4 sum-
marizes the binary logistic regression model for predictors of
HI. Diabetes mellitus (OR 2.27 (1.58 to 3.26), p=0.0001),
longer time from symptom onset to puncture (OR 1.001 (1.00
to 1.002), p=0.026), and use of Merci thrombectomy (OR 1.47
(1.02 to 2.12), p=0.032) were independent predictors of HI.

In univariate modeling for predictors of PH (table 5), higher
baseline NTHSS score, history of atrial fibrillation, and use of
mechanical therapy without any pharmacological adjunctive
therapy were found to be associated with a higher likelihood of
PH while the use of any IA tPA and the use of pharmacological
therapy only were inversely associated with the development of
PH. In binary logistic regression modeling (table 6), atrial fibril-
lation (OR 1.61 (1.01 to 2.55), p=0.045) was an independent
predictor of PH while the use of IA thrombolytics (OR 0.57
(0.35 to 0.90), p=0.008) was independently associated with a
lower chance of PH. Higher baseline NIHSS showed a strong
trend towards a higher chance of PH (OR 1.04 (0.999 to 1.08),
p=0.056).

Interestingly, patients with ICH had similar recanalization
rates to patients without ICH. Specifically, there was no signifi-
cant difference in terms of postprocedural TIMI 2-3 recanaliza-
tion rates according to the presence or absence of any ICH
(68% vs 68%, p=0.89), any HI (67% vs 69%, p=0.38), or any
PH (70% vs 68%, p=0.81).

After controlling for age, baseline NIHSS, recanalization
status, type of sedation, and site of occlusion, both the presence
of HI (OR 2.23 (1.53 to 3.25), p<0.0001) and PH (OR 6.24
(3.06 to 12.75), p<0.0001) were associated with poor func-
tional outcomes (90 day modified Rankin Scale score >3);
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Table 1 Univariate analysis of predictors of any intracranial
hemorrhage after endovascular stroke therapy

Any intracranial

hemorrhage (n=363) No hemorrhage

Variable (N (%)) (n=759) (N (%)) p Value
Demographics
Age (years) (mean 6715 66+15 0.49
+SD)
NIHSS (mean£SD)  17+5 16+6 0.001
Female 174 (48) 366 (48) 0.94
Diabetes mellitus 109 (30) 156 (20) 0.0001
Hypertension 255 (71) 518 (68) 0.53
Atrial fibrillation 148 (41) 265 (35) 0.05
Time to treatment ~ 312+157 296+162 0.15
(min) (mean=SD)
TIMI 2-3 247 (68) 520 (69) 0.89
recanalization
Clot location
M1 MCA 192 (53) 369 (49) 0.20
Carotid terminus 72 (20) 142 (19) 0.69
Tandem occlusion 47 (13) 94 (12) 0.43
M2 MCA 43 (12) 129 (17) 0.03
Extracranial ICA 10 (3) 25 (3) 0.71
Therapy
IV tPA 137 (38) 234 (31) 0.025
Merci 130 (36) 233 (30) 0.002
embolectomy
Penumbra 42 (11) 88 (12) 0.82
thrombectomy
Angioplasty 97 (27) 189 (25) 0.56
Stent placement 70 (19) 145 (19) 0.51
IA tPA 194 (53) 408 (54) 0.49
Pharmacologic 73 (20) 191 (25) 0.07
therapy only
Mechanical 91 (25) 184 (24) 0.41
therapy only
Multimodal 199 (54) 385 (51) 0.20
therapy

ICA, internal carotid artery; MCA, middle cerebral artery; NIHSS, National Institutes of
Health Stroke Scale; TIMI, Thrombolysis in Myocardial Infarction; tPA, tissue
plasminogen activator.

however, only PH was associated with higher 90 day mortality
(OR 3.53 (2.19 to 5.68), p<0.0001).

DISCUSSION

HT can be categorized according to its clinical or radiological
presentation. We have chosen a radiological scale as it is thought
to be more objective and easier to employ across multiple insti-
tutions. The ECASS definition was formulated for IV thromb-
olysis trials and its applicability to endovascular treatment had
not been previously well demonstrated. We have shown that

Table 2 Independent predictors of development of any
intracranial hemorrhage after endovascular stroke therapy

Variable OR (95% CI) p Value
Diabetes mellitus 1.71 (1.27 to 2.30) 0.0001
Merci device 1.51 (1.05 to 2.18) 0.025
NIHSS 1.03 (1.008 to 1.059) 0.009

NIHSS, National Institutes of Health Stroke Scale.

Table 3 Univariate analysis for the predictors of the development
of hemorrhagic infarction after endovascular stroke therapy

HI hemorrhage No hemorrhage

Variable (n=267) (N (%)) (n=759) (N (%)) p Value
Demographics
Age (years) (mean  66+16 66+15 0.95
+SD)
NIHSS (mean=+SD) 1745 16+6 0.004
Female 139 (52) 393 (52) 0.94
Diabetes mellitus 88 (33) 156 (21) 0.0001
Hypertension 182 (68) 518 (68) 0.91
Atrial fibrillation 100 (37) 265 (35) 0.45
Time to treatment 320+161 296+162 0.05
(min) (mean=SD)
TIMI 2-3 180 (67) 520 (69) 0.39
recanalization
Clot location
M1 MCA 140 (52) 369 (49) 0.29
Carotid terminus 56 (21) 142 (19) 0.42
Tandem occlusion 34 (13) 94 (12) 0.91
M2 MCA ( 1) 129 (17) 0.03
Extracranial ICA (3) 25 (3) 0.50
Therapy
IV tPA 108 (40) 234 (31) 0.005
Merci embolectomy 172 (64) 111 (54) 0.002
Penumbra 28 (10) 88 (12) 0.66
thrombectomy
Angioplasty 70 (26) 189 (25) 0.68
Stent placement 49 (18) 145 (19) 0.86
1A tPA 155 (58) 408 (54) 0.22
Pharmacologic 58 (22) 191 (25) 0.28
therapy only
Mechanical therapy 57 (21) 184 (25) 0.35
only
Multimodal therapy 152 (57) 385 (51) 0.09

HI, hemorrhagic infarction; ICA, internal carotid artery; MCA, middle cerebral artery;
NIHSS, National Institutes of Health Stroke Scale; TIMI, Thrombolysis in Myocardial
Infarction; tPA, tissue plasminogen activator.

among patients with anterior circulation stroke undergoing
endovascular therapy, both HI and PH are independent predic-
tors of poor long term functional outcome.

Our findings are somewhat contrary to conventional thinking
in which HI is considered to be relatively benign. A previous
study involving 32 AIS patients with proximal MCA occlusion
who were treated with IV tPA within 3 h of symptom onset sug-
gested that thrombolysis related HI is a marker of early reperfu-
sion, reduced infarct size, and improved outcome.'® However, a
subsequent analysis involving 954 patients from the Canadian
Alteplase for Stroke Effectiveness Study (CASES) Registry
demonstrated that after adjustment for age, baseline serum
glucose, baseline Alberta Stroke Program Early CT score
(ASPECTS), and baseline NIHSS score, HI-1 was not a pre-
dictor of outcome and that HI-2 (along with PH-1 and PH-2)
was actually a negative predictor of good outcome (90 day
modified Rankin Scale score <1).'* Similarly, we have shown
that in this cohort of endovascularly treated patients, HI may
actually be associated with poor clinical outcome in long term
follow-up. Our findings also confirm previous studies demon-
strating the greater clinical relevance of PHs, which demon-
strated a greater point estimate than HI for odds of a poor
outcome and was the only independent predictor of mortality.
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Table 4 Independent predictors of hemorrhagic infarction after
endovascular stroke therapy

Variable OR (95% CI) p Value
Diabetes mellitus 2.27 (1.58 t0 3.26) 0.0001
Time from symptoms onset to puncture 1.001 (1.00 to 1.002) 0.026
Merci device 1.47 (1.02 to 2.12) 0.032
IV tPA prior to intervention 1.43 (1.03 to 2.08) 0.037

tPA, tissue plasminogen activator.

Identification of patients at higher risk for SICH may allow
for the early implementation of more aggressive preventive strat-
egies (eg, tighter control of blood pressure and glucose levels as
well as avoidance of aggressive antithrombotic therapy in the
early post-stroke phases) and potentially lead to better out-
comes. In our study, the presence of atrial fibrillation and the
absence of IA thrombolytics were the only independent predic-
tors of PH in this large cohort of 1122 patients with stroke
severity (baseline NIHSS) approaching statistical significance.
The Interventional Management of Stroke investigators have
suggested that atrial fibrillation is a strong risk factor for HT in
AIS patients treated with combined IV and IA tPA." Our find-
ings confirm this notion in this much larger cohort of AIS
treated with endovascular therapy with or without preceding IV
thrombolysis. Notably, lower recanalization rates have been
reported after endovascular treatment of cardioembolic strokes

Table 5 Univariate analysis of predictors of parenchymal
hematoma after endovascular stroke therapy

PH (n=96)  No ICH (n=759)
Variable (N (%)) (N (%)) p Value
Demographics
Age (years) (mean=SD) 69+14 66+16 0.09
NIHSS (mean+SD) 18+6 1646 0.009
Female 50 (52) 393 (52) 0.85
Diabetes mellitus 21 (22) 156 (21) 0.44
Hypertension 73 (76) 518 (68) 0.09
Atrial fibrillation 48 (50) 265 (35) 0.003
Time to treatment (min+SD) 290+139 296+162 0.75
TIMI 2-3 recanalization 67 (70) 520 (69) 0.91
Clot location
M1 MCA 52 (54) 369 (49) 0.18
Carotid terminus 16 (17) 142 (19) 0.37
Tandem occlusion 13 (14) 94 (12) 0.74
M2 MCA 13 (13) 129 (17) 0.47
Extracranial ICA 2Q2) 25 (3) 0.76
Therapy
IV tPA 29 (30) 234 (31) 0.50
Merci embolectomy 61 (63) 411 (54) 0.05
Penumbra thrombectomy 14 (15) 88 (12) 0.25
Angioplasty 27 (28) 189 (25) 0.53
Stent placement 21 (22) 145 (19) 0.31
IA tPA 39 (41) 408 (54) 0.009
Pharmacologic therapy only 15 (16) 191 (25) 0.02
Mechanical therapy only 34 (35) 184 (24) 0.014
Multimodal therapy only 47 (49) 385 (51) 0.41

ICA, internal carotid artery; ICH, intracranial hemorrhage; MCA, middle cerebral
artery; NIHSS, National Institutes of Health Stroke Scale; PH, parenchymal hematoma;
TIMI, Thrombolysis in Myocardial Infarction; tPA, tissue plasminogen activator.

Table 6 Independent predictors of parenchymal hematoma after
endovascular stroke therapy

Variable OR (95% CI) p Value
IA tPA 0.57 (0.35 to 0.90) 0.008
Atrial fibrillation 1.61 (1.01 to 2.55) 0.045
NIHSS 1.04 (0.999 to 1.08) 0.056

NIHSS, National Institutes of Health Stroke Scale; tPA, tissue plasminogen activator.

compared with carotid embolic strokes.'® It is important to
point out that data about preprocedural antithrombotic/anticoa-
gulation therapy were not available for many of the study
centers and therefore were not included in our analysis. As such,
it is possible that the higher rate of PH in atrial fibrillation
patients is derived from the more frequent use of antithrombo-
tic/anticoagulation therapy in these patients as opposed to the
atrial fibrillation itself. However, a previous analysis of the Safe
Implementation of Thrombolysis in Stroke-MOnitoring STudy
(SITS-MOST), where 6483 patients were treated with IV alte-
plase within 3 h of stroke symptom onset, has also demonstrated
that atrial fibrillation is an independent predictor of symptom-
atic intracerebral hemorrhage. As SITS-MOST patients had an
international normalized ratio of <1.7, this study suggests that
atrial fibrillation may indeed have an effect on SICH, independ-
ent of anticoagulation.'” The inverse relationship between PH
and the use of IA thrombolytics is somewhat counterintuitive
and may represent selection bias, where patients with a more
favorable imaging profile would have preferably received IA
thrombolytics. Interestingly, patients with ICH had similar reca-
nalization rates to patients without ICH. This finding supports
the notion that the reperfusion injury that is related to ICH is
likely a delayed phenomenon as opposed to a direct conse-
quence of intraprocedural reperfusion. Diabetes was a risk
factor for ICH in our study. Patients with diabetes are noted to
have higher blood sugars at the time of presentation compared
with non-diabetic patients.'® The presence of diabetes and/or
hyperglycemia has been associated with a higher risk of symp-
tomatic ICH after IV or IA thrombolysis in several previous
studies.' * '® We have previously demonstrated the lack of influ-
ence of the type of sedation/anesthesia on the rates of ICH. In a
previous study involving a similar cohort of patients, there was
no difference in the rates of HI (27% vs 24%, p<0.22) or PH
(9.3% vs 9.1%, p<0.82) in patients undergoing general anesthe-
sia versus conscious sedation, respectively.'?

The Merci device was associated with higher rates of HI. The
use of mechanical devices that are sized to the diameter of the
cerebral vessel can aid with reperfusion, but this may occur at
the expense of increased vessel injury, vasospasm, or arterial dis-
section. Mechanical devices may cause microperforations at the
time of deployment or retraction. Even though contrast extrava-
sation at the time of the procedure is a relatively rare event,
some degree of SAH is not uncommon. Indeed, a recent series
demonstrated postprocedure SAH in 20 of 159 patients (12.6%;
isolated SAH in eight, SAH and parenchymal hemorrhages in
12) treated with endovascular therapy.'” In this study, patients
treated with primary thrombectomy had a higher incidence of
SAH than patients treated with IA thrombolysis; however, only
extensive SAH or SAH accompanied by severe PH was asso-
ciated with worsened clinical outcomes.

The use of IV tPA prior to treatment with mechanical devices
or IA thrombolytic therapy has not been associated with higher
rates of SICH compared with mechanical or pharmacologic IA
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interventions in isolation. In the Multi MERCI trial, 29.3% of
patients (48/164) received IV tPA before angiography. No differ-
ences in the rates of ICH or clinically significant procedural
complications were observed between those patients treated
with TV tPA and those who were not, suggesting that pretreat-
ment with IV tPA does not raise a safety concern.”® Many other
studies have also suggested that pretreatment with IV tPA does
not result in higher rates of SICH after AIS endovascular
therapy.”! However, more definite answers about the risks asso-
ciated with combined IV and IA therapies will only come after
the analysis of the Interventional Management of Stroke III
Trial. The use of IV thrombolytics in conjunction with endovas-
cular techniques may lead to higher and faster rates of recanali-
zation. Conversely, the combination of delayed reperfusion and
the potential neurotoxic effects of IV tPA potentially place these
patients at a higher risk for hemorrhagic complications.?* 2° In
our study, pretreatment IV tPA was an independent predictor of
HI (but not PH) after endovascular stroke therapy.

There are limitations to the current study. This was a retro-
spective analysis of 13 centers and, consequently, the CT studies
have not been adjudicated by a core laboratory. However, each
center has a high level of experience with performing these pro-
cedures and many have participated in large scale clinical trials
for endovascular stroke therapy. Secondly, we were not able to
assess the degree and location of hypodensity on CT scan prior
to or following the intervention, or the HI or PH subtypes.
However, the association between higher NIHSS and ICH we
have described indirectly suggests that stroke burden is asso-
ciated with hemorrhagic complications as larger strokes would
presumably have higher baseline NIHSS scores. Each center
may have a different threshold to treat patients, but typically
patients with ischemic injury in greater than a third of the MCA
territory were excluded. Nonetheless, patients presenting with
larger strokes, as is the case in patients being treated with endo-
vascular therapy, have a higher predilection for HI-type
bleeds.?” It is important to mention that in two different
studies, asymptomatic HT was not associated with worse out-
comes after adjustment for infarct volume.?* 2* Other variables,
including the use of heparin, number of trials for embolectomy,
procedure duration, periprocedural blood pressure, presence of
heart failure, baseline international normalized ratio, prior
usage of antithrombotic agents, and degree of pial collateral
flow were not assessed in the current study and could have the-
oretically impacted on some of our results. Given the retrospect-
ive nature of our study, there was no standardization of
postprocedure care. As such, inter-site differences in postproce-
dure care could have had an influence on the formation of HI/
PH. However, the fact that the study sites were high volume
stroke centers with dedicated stroke and neurocritical care ser-
vices following the American Heart Association Stroke
Guidelines presumably provided some degree of homogenicity
to our postprocedure care.

In conclusion, greater understanding of the predictors and
consequences of ICH post endovascular stroke therapy is essen-
tial to improve risk assessment, patient selection/clinical out-
comes, and early prognostication. Our data suggest that patients
with atrial fibrillation are particularly prone to severe ICH and
questions the ‘benign’ nature of HI suggested by earlier studies.
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Table 1. Univariate analysis of predictors of any intracranial hemorrhage after
endovascular stroke therapy.

Any Intracranial No
Variable Hemorrhage Hemorrhage p-value
(n=363), N(%) (n=759), N(%)

Demographics

Age (years=SD) 67+15 66+15 0.49
NIHSS (meantSD) 175 16+6 0.001
Female 174 (48) 366 (48) 0.94

Diabetes Mellitus 109 (30) 156 (20) 0.0001
Hypertension 255 (71) 518 (68) 0.53
Atrial Fibrillation 148 (41) 265 (35) 0.05

Time to treatment

(Min+SD) 312+157 296+162 0.15
TIMI 2-3 247 (68) 520 (69) 0.89

Recanalization

Clot Location

M1 MCA 192 (53) 369 (49) 0.20
Carotid terminus 72 (20) 142 (19) 0.69
Tandem Occlusion 47 (13) 94 (12) 0.43
M2 MCA 43 (12) 129 (17) 0.03
Extracranial ICA 10 (3) 25(3) 0.71
Therapy
Intravenous t-PA 137(38) 234 (31) 0.025
Merci 130 (36) 233 (30) 0.002
Embolectomy
emumbra y 42 (11) 88 (12) 0.82
Angioplasty 97 (27) 189 (25) 0.56

Stent placement 70 (19) 145(19) 0.51
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IA t-PA 194 (53) 408 (54) 0.49
Pharmacologic 73 (20) 191 (25) 0.07
Therapy Only '

Mechanical
Therapy Only 91 (25) 184 (24) 0.41
Multimodal
Therapy 199 (54) 385 (51) 0.20
Table 2. Independent predictors of development of any intracranial hemorrhage after
endovascular stroke therapy.

Variable Odds Ratio [95% CI] p-value

Diabetes Mellitus 1.71[1.27-2.30] 0.0001
Merci Device 1.51[1.05-2.18] 0.025
NIHSS 1.03 [1.008-1.059] 0.009
Table 3. Univariate analysis for the predictors of the development of hemorrhagic
infarction (HI) after endovascular stroke therapy.
No
Variable I—(|rl]l_-|2e6n;;)rwg/g)e Hemorrhage p-value
—eR ) VD (n=759), N(%)
Demographics
Age (years=SD) 66+16 66+15 0.95
NIHSS (mean+SD) 175 166 0.004
Female 139 (52) 393 (52) 0.94
Diabetes Mellitus 88 (33) 156 (21) 0.0001
Hypertension 182 (68) 518 (68) 0.91
Atrial Fibrillation 100 (37) 265 (35) 0.45
Time to treatment
(Min+SD) 3204161 296+162 0.05
TIMI 2-3
Recanalization 180 (67) 520 (69) 0.39
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Clot Location

M1 MCA 140 (52) 369 (49) 0.29
Carotid terminus 56 (21) 142 (19) 0.42
Tandem Occlusion 34 (13) 94 (12) 0.91
M2 MCA 30 (11) 129 (17) 0.03
Extracranial ICA 8 (3 25 (3) 0.50
Therapy
Intravenous t-PA 108 (40) 234 (31) 0.005
Merci 172 (64) 411 (54) 0.002
Embolectomy
Th':fn'l‘;rggg"’;ny 28 (10) 88 (12) 0.66
Angioplasty 70 (26) 189 (25) 0.68
Stent placement 49 (18) 145 (19) 0.86
IA t-PA 155 (58) 408 (54) 0.22
Pharmacologic 58 (22) 191 (25) 0.28
Therapy Only
T“ﬂgf;p@”gﬁ:y 57 (21) 184 (25) 0.35
MT“r']“eTaop‘i,a' 152 (57) 385(51) 0.09

Table 4. Independent predictors of hemorrhagic infarction (HI) after endovascular

stroke therapy.

Variable Odds Ratio [95% CI] p-value

Diabetes Mellitus 2.27 [1.58-3.26] 0.0001
Time from

Symptoms Onset to 1.001 [1.00-1.002] 0.026

Puncture
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Merci Device

1.47 [1.02-2.12]

0.032

IV tPA prior to
intervention

1.43 [1.03-2.08]

0.037

Table 5. Univariate analysis of predictors of parenchymal hematoma (PH) after

endovascular stroke therapy.

Variable (nzgg)l,—lN(%) (n:l;lsogl)?n(%) p-value
Demographics
Age (yearszSD) 69+14 66+16 0.09
NIHSS (meanzSD) 1816 1616 0.009
Female 50 (52) 393 (52) 0.85
Diabetes Mellitus 21 (22) 156 (21) 0.44
Hypertension 73 (76) 518 (68) 0.09
Atrial Fibrillation 48 (50) 265 (35) 0.003
Tim‘?nt]‘i’ntl‘”é%;“em 200+139 206+162 0.75
e ZS 67 (70) 520 (69) 0.91
Clot Location
M1 MCA 52 (54) 369 (49) 0.18
Carotid terminus 16 (17) 142 (19) 0.37
Tandem Occlusion 13 (14) 94 (12) 0.74
M2 MCA 13 (13) 129 (17) 0.47
Extracranial ICA 2(2) 25(3) 0.76
Therapy
Intravenous t-PA 29 (30) 234 (31) 0.50
Merci 61 (63) 411 (54) 0.05
Embolectomy
Penumbra 14 (15) 88 (12) 0.25
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Thrombectomy
Angioplasty 27 (28) 189 (25) 0.53
Stent placement 21(22) 145 (19) 0.31
IA t-PA 39 (41) 408 (54) 0.009
Pharmacologic 15 (16) 191 (25) 0.02
Therapy Only '
Mechanical
Therapy Only 34 (35) 184 (24) 0.014
Multimodal
Therapy Only 47 (49) 385 (51) 0.41

Table 6. Independent predictors of parenchymal hematoma (PH) after endovascular

stroke therapy.
Variable Odds Ratio [95% CI] p-value
A t-PA 0.57 [0.35-0.90] 0.008
Atrial fibrillation 1.61[1.01-2.55] 0.045
NIHSS 1.04 [0.999-1.08] 0.056




