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ABSTRACT
Background and purpose Infarct volume and age
are strong predictors of outcome in patients with stroke.
We aimed to determine the impact of infarct volume on
outcome according to age.
Methods Consecutive patients with acute stroke with
documented internal carotid artery/middle cerebral artery
occlusion who underwent endovascular procedures were
studied. Patients were categorized in three age groups:
<70 years (G1), 70–79 years (G2), ≥80 years (G3). The
Alberta Stroke Program Early CT score (ASPECTS) was
graded on initial CT. Time of successful recanalization
(Thrombolysis In Cerebral Infarct (TICI) ≥2b )and good
outcome at 3 months (modified Rankin Scale score ≤2)
were recorded. Infarct volume was measured on the
24 h control CT.
Results A total of 214 patients were studied (G1: 68;
G2: 74; G3: 72). For all patients the mean infarct
volume was 94.7±127 mL; 35.6% had a good outcome.
We observed larger infarct volumes in patients with a
bad outcome in each age group (G1: 22 vs 182 mL,
p<0.01/G2: 22 vs 164 mL, p<0.01/G3: 7.6 vs 132 mL,
p<0.01). However, the target cut-off infarct volume that
better predicted a good outcome decreased as age
increased: G1: 49 mL (sensitivity 80%, specificity
92.6%); G2: 32.5 mL (sensitivity 80%, specificity 81%);
G3: 15.2 mL (sensitivity 81.3%, specificity 86.7%).
Overall, after adjusting for age, occlusion location,
baseline NIH Stroke Scale score and infarct volume, the
only predictor of a good outcome was achieving a final
infarct volume less than the age-adjusted target (OR
5.5, 95% CI 1.6 to 18.8; p<0.01). The probability of
achieving an infarct volume less than the age-adjusted
target decreased according to baseline ASPECTS, time
and degree of recanalization.
Conclusions Age-adjusted infarct size might represent
a powerful surrogate marker of stroke outcome and
further refine the predictive accuracy of infarct volume on
prognosis in patients with stroke undergoing
endovascular treatment. This information may be used in
the design of new trials to individualize selection criteria
for different age groups.

INTRODUCTION
The rationale for recanalization therapies in acute
ischemic stroke is to preserve the brain from ische-
mic damage and development of irreversible infarct
lesion. The paradigm ‘time is brain’1 refers to the
fact that shorter time of ischemia is generally
related to smaller final infarct volumes. Recent

studies have shown that successful recanalization
leads to improved functional outcomes through a
reduction in final infarct volumes.2–4 These studies
identified patient age and final infarct volume as
powerful independent predictors of outcome.
The benefits of endovascular procedures for

acute stroke in older patients are under discus-
sion,5 6 and more restrictive selection criteria
should probably be applied as patient age
increases.7 Age may determine functional recovery
after a stroke since it is associated with a higher
incidence of comorbidities and probably to a lower
capacity of neurorestoration or plasticity.8 The
impact of infarct volume on long-term stroke
outcome may therefore be markedly affected by the
age of the patient. In this study we aimed to deter-
mine the impact of infarct volume on outcome
according to patient age.

METHODS
Consecutive patients with acute stroke treated with
endovascular procedures within 8 h from onset
prospectively included in the database of a major
comprehensive stroke center were divided into
three groups according to age: <70 years (G1),
70–79 years (G2), ≥80 years (G3). Baseline charac-
teristics, occlusion location based on initial angio-
gram and outcome measures were prospectively
collected. Only patients with a baseline modified
Rankin Scale (mRS)score <2 were included in this
study.

Patient selection
All patients presenting with acute ischemic stroke
symptoms underwent a baseline head CT scan and
CT angiography (CTA). In general, as a first step,
patients with anterior circulation stroke were
selected for intra-arterial therapy if the CT scan
showed an Alberta Stroke Program Early CT score
(ASPECTS) of ≥7 and a major intracranial occlu-
sion on CTA (terminal internal carotid artery (ICA)
or middle cerebral artery (MCA) M1 or M2 seg-
ments). Most patients presenting >4.5 h after
symptom onset (or unwitnessed onset) underwent
additional imaging studies (CTA/CT perfusion) or
MRI/MR angiography and were considered for
interventional therapy based on assessment of the
mismatch between the extent of infarcted brain
relative to the extent of threatened but viable brain.
The minimum amount of mismatch necessary for
treatment selection varied according to patient-
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specific considerations and stroke neurologist/interventionalist-
specific practice patterns. In general, patients with a core volume
of less than one-third of MCA territory in the presence of ICA or
M1 occlusion and corresponding clinical deficit (NIH Stroke
Scale (NIHSS) score >8) or severe perfusion deficit (time to peak
>6 s) involving two-thirds or more of the MCA territory were
considered potential treatment candidates. Computer-generated
volumetric analysis was not available and manual calculation of
volumes is a too lengthy process to be useful for selection in the
setting of acute stroke. Therefore, for treatment purposes,
volumes were estimated based on visual mismatch. All patients
were treated within 8 h of symptom onset.

Intra-arterial treatment protocol
The general approach regarding intra-arterial treatment at our
center has been described previously.9 In most cases the proced-
ure was performed under conscious sedation. Subjects with
airway compromise or uncontrollable agitation were intubated
before the procedure. According to device availability, patients
were respectively and primarily treated either with intra-arterial
tissue plasminogen activator (n=78) and/or a clot retriever
device: Merci (n=14), Trevo (n=36) (Concentric Medical,
Mountain View, California, USA), Solitaire (n=61; ev3
Endovascular, Plymouth, Minnesota, USA), pREset (n=3;
Phenox GmbH, Germany). Manual aspiration was also used as
a primary option (n=22) or as an adjunct to other approaches.
The time and degree of recanalization were recorded; successful
recanalization was defined as Thrombolysis In Cerebral
Infarction (TICI) ≥2b.

Infarct volume calculation
A 24–36 h follow-up CT scan was performed; patients for
whom this CT scan was not available were excluded from the
analysis. Post-treatment infarct volumes were calculated by a vas-
cular neurologist (EM) blinded to all other data. The acute
infarct was determined by visual inspection on the follow-up
CT scan. Final outlines were manually edited. If present, hemor-
rhagic changes were incorporated in the final infarct volumes.
Symptomatic hemorrhage was defined as a CT-documented
hemorrhage that was temporally related to deterioration in the
patient’s clinical condition in the judgment of the clinical
investigator.10

Patient follow-up
On discharge, patients were scheduled for follow-up appoint-
ments in the stroke neurology clinic at 90 days. The mRS score
was recorded at this time by an mRS certified neurologist. If
patients were physically unable to present for follow-up, they or
the next of kin were contacted by a vascular neurologist or
other mRS certified investigator and the mRS score was
obtained over the telephone. A good clinical outcome was
defined as mRS score ≤2.

Statistical analysis
Descriptive and frequency statistical analysis was obtained and
comparisons were made using the SPSS V.17.0 statistical
package. Statistical significance for intergroup differences was
assessed by the Pearson χ2 test or the Fisher exact test for cat-
egorical variables and the Student t test and analysis of variance
for continuous variables. When indicated, Mann–Whitney U
tests and Spearman tests were used. To calculate the sensitivity
and specificity of infarct volume cut-off points to predict a good
outcome, a receiver operator characteristic curve was configured.
Multivariate logistic regression analyses were performed to
determine factors that could be considered independent predic-
tors of a good clinical outcome. Variables showing p<0.1 in
univariate analysis were included in the multivariate model.
A p value of <0.05 was considered significant for all tests.

RESULTS
A total of 214 patients were studied (G1: 68, G2: 74, G3: 72).
Older patients were more frequently women, had more hyperten-
sion or atrial fibrillation and presented with higher systolic blood
pressure; other baseline characteristics were similar (table 1). For
all patients the mean infarct volume was 94.7±127 mL; 35.6%
had a good outcome. Mean infarct volumes were 96±131 mL for
G1, 109±139 mL for G2 and 87±116 mL for G3 (p=0.71).
Older patients tended to have a less good outcome (45.8% in
G1, 33.5% in G2 and 27.3% in G3; p=0.1).

Infarct volumes
Patients with a poor outcome had larger infarct volumes overall
(mRS 0–2: 21±35 mL vs mRS 3–6: 159±150 mL; p<0.01)
and within each age group (G1: 22 vs 182 mL, p>0.01/G2: 22
vs 164 mL, p>0.01/G3: 7.6 vs 132 mL, p>0.01) For all patients
the cut-off infarct volume that better predicted a good outcome
was 29 mL (sensitivity 81.4%, specificity 79.4%). However, the
cut-off infarct volume that better predicted a good outcome
decreased as age increased (G1: 49 mL (sensitivity 80%, specifi-
city 92.6%); G2: 32.5 mL (sensitivity 80%, specificity 81%);
G3: 15.2 mL (sensitivity 81.3%, specificity 86.7%); figure 1).

On univariate analysis (table 2), in addition to infarct volume
(p<0.01), variables associated with a good outcome were age

Table 1 Patient characteristics according to age group

Treatment group

Group 1
(n=68)

Group 2
(n=74)

Group 3
(n=72)

p
Value

Women (%) 39.7 47.9 72.2 <0.01
Age 59±9 75±3 83±3 <0.01
Diabetes (%) 10.6 21.4 24.6 0.09
Hypertension (%) 47 77.1 81.2 <0.01
Atrial fibrillation (%) 30.8 41.4 60 <0.01
Dyslipidemia (%) 36.4 48.6 38.8 0.31
Glycemia 143±52 137±51 127±47 0.70
Systolic BP 132±28 154±32 151±27 <0.01
Diastolic BP 76±14 83±17 86±21 0.229
Intravenous tPA (%) 60 63.4 50.7 0.30
Terminal ICA occlusion
(%)

41.5 37.3 32.8 0.59

Baseline NIHSS (IQR) 19 (7) 19 (6) 19 (3) 0.92
Median ASPECTS (IQR) 10 (0) 10 (1) 10 (1) 0.87
Symptomatic ICH (%) 7.7 7.1 10.6 0.74
Time to groin puncture
(min)

172±96 159±104 188±84 0.146

Time to recanalization
(min)

304±93 312±116 329±102 0.26

Recanalization (≥TICI
2b, %)

60.6 50.7 49.3 0.36

Infarct volume (mL) 96±131 109±139 87±116 0.71
mRS (≤2 at 3 months,
%)

45.8 33.5 27.3 0.11

ASPECTS, Alberta Stroke Program Early CT score; BP, blood pressure; ICA, internal
carotid artery; ICH, intracranial hemorrhage; mRS, modified Rankin Scale; NIHSS, NIH
Stroke Scale; TICI, Thrombolysis In Cerebral Infarction; tPA, tissue plasminogen
activator.
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(p=0.05), glycemia (p=0.05), use of intravenous tissue plas-
minogen activator prior to the procedure (p=0.01), terminal
ICA occlusion (p<0.01), baseline NIHSS score (p<0.01), base-
line ASPECTS score (p<0.01), time to initiate the procedure
((p=0.02), time to recanalization (p<0.01), recanalization
(p<0.01) and achieving a final infarct volume less than the
age-adjusted target (p<0.01).

However, after adjusting for age, occlusion location, baseline
NIHSS score and infarct volume, the only independent pre-
dictor of a good outcome was achieving a final infarct volume
less than the age-adjusted target (OR 5.5, 95% CI 1.6 to 18.8;
p<0.01).

Probabilities of achieving an infarct volume less than the
age-adjusted target decreased according to baseline ASPECTS,
time and degree of recanalization (figures 2 and 3).

DISCUSSION
In addition to confirming the predictive power of age and
infarct volume on further outcome, this study shows that the
acceptable final lesion compatible with a good outcome varies
and decreases according to patient age. Advancing age may be
associated with reduced tolerance for infarct volume. While
most young patients can afford a 50 mL final lesion and still be
independent at 3 months, octogenarians need to show virtually
no residual lesion (<15 mL) to achieve good functional recovery
after endovascular treatment.

This difference may be due to a number of factors such as the
coexistence of multiple comorbidities or an impaired capacity of
neurorestoration in older patients.8 The adult brain retains the
capacity for neurogenesis and neuroplasticity to recover after
pathological processes such as stroke.11 However, this phenom-
enon diminishes with ageing, leading to disproportionate conse-
quences in the aged brain.12

Previous studies have indicated that the final infarct volume
may represent an accurate indicator of procedural success and
therefore should be used in preference to recanalization scores

as surrogate markers of outcome in reperfusion trials for acute
stroke.2–4 Syed et al found that a final infarct volume cut-off of
40 mL best differentiated between favorable and unfavorable
outcomes. This value falls in the middle of the age-adjusted
infarct volume range described in our study. Our findings may
have a practical application in the decision-making process
when evaluating patients with acute stroke for endovascular pro-
cedures. Several classical factors such as age, symptom duration
or severity were found to be associated with outcome in the uni-
variate analysis. However, in the multivariate analysis the
age-adjusted target infarct volume was found to be one of the
strongest independent predictors of long-term functional recov-
ery. Adjusting the maximal affordable infarct volume to the
patient age may increase the probability of selecting patients
who will benefit from endovascular therapies. In order to guide
the decision-making process, we elaborated the probability
charts to achieve the age-adjusted infarct volume according to
relevant variables available on patient admission such as time
from symptom onset or ASPECTS score on initial CT.
According to these charts, endovascular procedures for patients
aged >80 years may still have relatively good results, but only
under more restrictive inclusion criteria than in younger age
cohorts— that is, baseline ASPECTS score ≥9 and recanalization
achieved ≤4.5 h from symptom onset.

We also calculated the chances of achieving an infarct volume
less than the age-adjusted target according to time to reperfu-
sion or degree of final recanalization. This information can also
be used in the angio-suite when deciding to pursue recanaliza-
tion efforts in longer time windows or seeking perfect angio-
graphic results (TICI 2b–3) rather than partial recanalizaton.
While in some cases younger patients may still attain the target
infarct despite achieving partial TICI 2a recanalization, older
patients will imperatively require successful (TICI 2b–3) and
early (<4.5 h) recanalizaton.

Figure 1 Infarct volumes according to age group and 3-month
outcome. Age-adjusted infarct volumes that better predicted good
outcome. mRS, modified Rankin Scale.

Table 2 Univariate analysis according to outcome at 3 months

mRS ≤2
(35.6%)

mRS 3–6
(64.4%)

p
Value

Women (%) 39.7 47.9 0.65
Age 69±13 73±12 0.05
Diabetes (%) 15.3 20.2 0.43
Hypertension (%) 57.6 69.7 0.12
Atrial fibrillation (%) 35.6 49.5 0.08
Dyslipidemia (%) 36.2 44.4 0.31
Glycemia 122±29 137±42 0.05
Systolic BP 139±30 149±34 0.07
Diastolic BP 78±16 83±19 0.15
Intravenous tPA (%) 72.1 52.3 0.01
Terminal ICA occlusion (%) 20 47.3 <0.01
Baseline NIHSS (IQR) 17 (7) 19 (4) <0.01
Median ASPECTS (IQR) 10 (1) 10 (2) <0.01
Symptomatic ICH (%) 3.3 14.2 0.02
Time to groin puncture (min) 197±74 233±95 0.02
Time to recanalization (min) 280±79 341±128 <0.01
Recanalization (TICI ≥2b, %) 76.7 40 <0.01
Infarct volume (mL) 21±35 159±150 <0.01
Infarct less than age-adjusted
target (%)

85.7 19.6 <0.01

ASPECTS, Alberta Stroke Program Early CT score; BP, blood pressure; ICA, internal
carotid artery; ICH, intracranial hemorrhage; mRS, modified Rankin Scale; NIHSS, NIH
Stroke Scale; TICI, Thrombolysis In Cerebral Infarction; tPA, tissue plasminogen
activator.
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The above considerations may also be used as a guide in the
design of inclusion criteria for new endovascular therapy trials
for acute ischemic stroke where age-adjusted final infarct
volume may represent a valuable surrogate marker of favorable
long-term outcome.

Theoretically, weighting the age-adjusted volume according to
infarct location may increase its predictive power according to
the strategic topographical stoke concept. Our study was

designed to offer a reliable, rapid and replicable tool to predict
outcome. Future studies may address the impact of the anatom-
ical location of stroke on disability— that is, according to spe-
cific affected ASPECTS regions.

Using the follow-up CT scan to measure the final infarct
volume instead of a diffusion-weighted MRI may represent a
limitation in our study since MRI may offer a more accurate
value of the real final volume. However, we preferred the

Figure 2 Infarct volume distribution
according to time to recanalization and
baseline Alberta Stroke Program Early
CT score (ASPECTS). Age-adjusted
thresholds for good outcome.

Figure 3 Percentage of patients achieving an infarct volume less than the age-adjusted target according to the Alberta Stroke Program Early CT
score (ASPECTS) on initial CT and time/degree of recanalization.
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24–36 h CT scan because it was available in nearly all patients
and using MRI values would represent a bias since it is fre-
quently unavailable in patients with most severe strokes.

CONCLUSION
Age-adjusted infarct size might represent a powerful surrogate
marker of stroke outcome and further refine the predictive
accuracy of infarct volume on prognosis in patients with stroke
undergoing endovascular treatment. This information may be
useful in the design of new trials to individualize selection cri-
teria for stratifying different age groups according to baseline
ASPECTS score and time from symptom onset.
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ABSTRACT
Background Patients with M2 middle cerebral artery
(MCA) occlusions are not always considered for
endovascular treatment.
Objective To study outcomes in patients with M2
occlusion treated with endovascular procedures in the
era of stentrievers.
Methods We studied patients prospectively included in
the SONIIA registry (years 2011–2012)—a mandatory,
externally audited registry that monitors the quality of
reperfusion therapies in Catalonia in routine practice.
Good recanalization was defined as postprocedure
Thrombolysis in Cerebral Infarction (TICI) score 2b–3;
dramatic recovery as drop in National Institutes of Health
Stroke Scale (NIHSS) score >10 points or NIHSS score
<2 at 24–36 h; and good outcome as modified Rankin
score (mRS) 0–2 at 3 months. A 24 h CT scan
determined symptomatic intracranial hemorrhage (SICH)
and infarct volume.
Results Of 571 patients who received endovascular
treatment, 65 (11.4%) presented an M2 occlusion on
initial angiogram, preprocedure NIHSS 16 (IQR 6). Mean
time from symptom onset to groin puncture was 289
±195 min. According to interventionalist preferences
86.2% (n=56) were treated with stentrievers (n=7 in
combination with intra-arterial tissue plasminogen
activator (tPA), 4.6% (n=3) received intra-arterial tPA
only, and 9.2% (n=6) diagnostic angiography only.
Good recanalization (78.5%) was associated with
dramatic improvement (48% vs 14.8%; p=0.02), smaller
infarct volumes (8 vs 82 cc; p=0.01) and better outcome
(mRS 0–2: 66.3% vs 30%; p=0.03). SICH (9%) was not
associated with treatment modality or device used. After
adjusting for age and preprocedure NIHSS, good
recanalization emerged as an independent predictor of
dramatic improvement (OR=5.9 (95% CI 1.2 to 29.2),
p=0.03). Independent predictors of good outcome at
3 months were age ( OR=1.067 (95% CI 1.005 to
1132), p=0.03) and baseline NIHSS ( OR=1.162 (95%
CI 1.041 to 1.297), p<0.01).
Conclusions Endovascular treatment of M2 MCA
occlusion with stentrievers seems safe. Induced
recanalization may double the chances of achieving a
favorable outcome, especially for patients with moderate
or severe deficit.

BACKGROUND
Despite their ability to achieve high rates of recana-
lization in acute ischemic stroke, endovascular

procedures with last-generation devices such as
stentrievers are under investigation in multiple ran-
domized trials to demonstrate their benefits.1–3 The
still uncertain benefits of endovascular procedures
in proximal intracranial vessel occlusions are even
more controversial when considering distal occlu-
sions such as the M2 middle cerebral artery (MCA)
segment. In M2 occlusions clinical outcome might
be independent of recanalization given the limited
amount of tissue at risk; however, strategic small
infarct may also cause significant clinical and func-
tional impairment.4

The limited number of studies focusing on
patients with M2 MCA occlusion show contradict-
ory results. On the one hand, an Interventional
Management of Stroke II (IMS II) study subanalysis
of patients with an M2 occlusion on initial angio-
gram showed a low rate of recanalization
(Thrombolysis in Myocardial Infarction (TIMI)
score 2–3: 43%) but high rate of good clinical
outcome (90 days modified Rankin score (mRS) 0–
2: 65%).4 On the other hand, data from the Multi-
Mechanical Embolus Removal in Cerebral Ischemia
(MERCI) trials in a similar population showed a
high rate of recanalization (TIMI 2–3: 81%) but a
low rate of favorable outcome (mRS 0–2: 40.7%).2

Finally, a subgroup analysis of the PROACT-II
study showed the benefits of recanalization that
could double the chance of a good clinical
outcome at 90 days.5 In all these studies patients
were treated with procedures or devices that are
surpassed by the results of new-generation
stentrievers.6 7

We aimed to investigate the possible benefits and
safety of endovascular procedures in the era of
stentrievers in patients with acute stroke with an
M2 MCA occlusion treated under routine clinical
conditions and included in a multicentric official
registry of patients.

METHODS
We studied patients prospectively included in the
Sistema ONline d’Informació de l’Ictus Agut
(SONIIA) registry from January 2011 to December
2012, a mandatory and externally audited registry
that monitors quality of all reperfusion therapies
performed in Catalonia under routine practice con-
ditions.8 Stentrievers were widely used in routine
practice before the registry was set up and all
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interventionalists had considerable experience in the use of the
devices.

Baseline characteristics, including preprocedure National
Institutes of Health Stroke Scale (NIHSS) score and occlusion
location on initial angiogram, were collected for all patients.
Only patients with an initial occlusion in the M2 segment of the
MCAwere included. The decision to perform endovascular pro-
cedures was made according to the stroke neurologist and inter-
ventionalist criteria.

We defined good recanalization as Thrombolysis in Cerebral
Infarction (TICI) score 2b–3 on the last angiogram, and dra-
matic recovery as an NIHSS score drop ≥10 points or NIHSS
<2 at 24–36 h. Favorable clinical outcome was considered when
mRS at 3 months was 0–2. We determined the presence of hem-
orrhagic transformation9 on the 24–36 h CT scan. This scan
was also used to calculate infarct volume10 in all patients treated
in one of the centers. The registry also requires prospective
recording of all procedural related complications.

Statistical analysis
Descriptive and frequency statistical analyses were obtained
using SPSS 17.0 software. Categorical variables are presented as
absolute values and percentages, and continuous variables as
median±SD if normally distributed or median (interquartile
intervals) if not normally distributed. Statistical significance for
intergroup differences was assessed by Pearson χ2 or Fisher
exact test for categorical variables and by Student t or Mann–
Whitney U test for continuous variables.

Multivariable logistic regression analyses were performed for
each group to determine factors that could be considered as
independent predictors of favorable outcome.

Variables showing p<0.1 in univariate analysis were included
in the multivariate model. A probability value of <0.05 was
considered significant for all tests.

RESULTS
Of the 571 registered patients who received endovascular treat-
ment in the study period, 65 (11.4%) presented a single M2
occlusion on the initial angiogram. They had the following
characteristics: mean age 66±15 years, female 47.7%, median
preprocedure NIHSS 16 (IQR 6), and 45 cases (69.2%) were
left MCA M2 occlusions. Thirty-five patients (53.8%) received
intravenous (IV) tissue plasminogen activator (tPA) before the
procedure. Ten patients (15.4%) received general anesthesia
before the procedure. Mean time from symptom onset to groin
puncture was 289±195 min. Baseline characteristics are shown
in table 1.

According to interventionalist preferences, of the 65 patients,
86.2%, (n=56) were treated with stentrievers; of these 10.8%
(n=7) in combination with intra-arterial (IA) tPA, 4.6% (n=3)
received IA tPA only (n=3), and the rest 9.2% (n=6) received
diagnostic angiography only. The following stentrievers were
used, Solitaire FR Covidien, Mindframe Capture, Trevo Pro
Retrieval System by Concentric Medical, Preset stent retriever.
Detailed information on the specific device or devices used in
each case was not recorded.

To obtain a better profile of the stentrievers we could have
performed the analysis after excluding the few patients in whom
a stentriever was not finally used (13.8%). However, to obtain a
better report of the expected results in routine clinical practice,
we decided to include all patients with an M2 MCA occlusion
treated during the studied period. Of the six patients who
received diagnostic angiography only (preprocedure NIHSS

11.5 (IQR 6)), four (67%) had a favorable clinical outcome at
3 months.

Patients who achieved good recanalization (TICI score 2b–3:
78.5%, n=46) had more often dramatic improvement (48% vs
14.8%, p=0.02), smaller infarct volumes (8 vs 82 cc, p=0.01)
and better outcome (mRS 0–2: 66.3% vs 30%; p=0.03) than
those who did not recanalize (table 1). After adjusting for age
and baseline NIHSS, good recanalization emerged as an inde-
pendent predictor of dramatic improvement (OR=5.9 (95% CI
1.2 to 29.2), p=0.03). Previous IV tPA treatment was not asso-
ciated with higher recanalization rates (28% vs 22% p=0.69).

At 3 months 60% of patients had a good outcome and the
death rate was 16.4%. Age, no history of hypertension, prepro-
cedure NIHSS, and good recanalization were associated with
good outcome. Independent baseline predictors of good
outcome at 3 months were age (OR=1.067 (95% CI 1.005 to
1132), p=0.03) and preprocedure NIHSS (OR=1.162 (95% CI
1.041 to 1.297), p<0.01).

The benefits of recanalization were more obvious in patients
with initial NIHSS >8. All patients with initial NIHSS ≤8 had
good clinical outcome independently of recanalization status. In
patients with NIHSS >8 recanalization increased the chances of
good outcome from 22.2% to 58.3% (p=0.05) (figure 1).

Symptomatic intracranial hemorrhage (SICH) occurred in six
patients (9%), of whom three achieved recanalization and three
did not (p=0.53) and two of them had been treated with IV
tPA. The use of a stentriever in an M2 branch did not increase
the rate of SICH (a stentriever was used in five of the six cases;
p=0.169). One patient presented an arterial dissection during
the procedure and one patient experienced a local hematoma at
the puncture site.

Nine patients died (13.8%) On univariate analysis, preproce-
dure NIHSS was associated with mortality (NIHSS 19.8 vs 13.3
p<0.01). None of the deaths was related to SICH.

DISCUSSION
Our study describes for the first time outcomes of patients with
acute stroke who had an M2 MCA occlusion treated with endo-
vascular procedures in routine practice in the era of stentrievers.
The study shows that achieving induced recanalization led to
better outcomes without significantly increasing the rate of
complications.

In acute stroke management, identification of an occlusion in
the M2 segment of the MCA may provide the treating physician
with the dilemma of whether or not to start endovascular treat-
ment. Physicians might consider that the limited endangered
area does not justify the risks and costs of the procedure.
However, on the other hand, a small but strategic cerebral
infarct may lead to significant permanent neurological
impairment.

The prognosis and best management of acute distal intracra-
nial arterial occlusions, including M2 MCA, is not clear. A
recent study describing the natural history of patients with
stroke who did not receive any reperfusion treatment showed
that up to 44% of patients presenting with a distal MCA occlu-
sion did not achieve a good outcome at 3 months.11 A substudy
of the IMS II trial,4 in which patients were treated with IA tPA
+ endovascular ultrasound with the EKOS catheter, showed that
although only 10/23 (43.5%) M2 occlusions achieved grade 3
arterial occlusive lesion recanalization, up to 16/23 (69.6%)
achieved mRS 0–2 outcome. A recently published subanalysis of
the PROACT trial,5 showed that in patients with documented
M2 occlusion, IA treatment with urokinase tripled the rate of
recanalization (53% vs 16%) and doubled the chance of a
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favorable functional outcome (53% vs 28%) as compared with
best medical treatment. Another study suggested a greater reduc-
tion of infarct volume with IA therapies before stentrievers were
widely available as compared with either IV tPA or no reperfu-
sion treatment.12 In that study, the magnitude of infarct volume
reduction was maximal in proximal occlusions but still signifi-
cant for M2 MCA occlusions. The authors found that independ-
ently of occlusion site, a baseline NIHSS cut-off point of ≥14
points identified best responders to IA therapies. Our work that
specifically studied patients with an M2 occlusion treated with
improved devices such as stentrievers showed that patients with
a baseline NIHSS>8 benefited most from recanalization.

Our study was intended to help clinicians in the decision-
making process of indicating an endovascular procedure in
patients with M2 MCA occlusion in a routine clinical practice
setting in which devices with improved features6 7 such as
stentrievers are available. While all patients with an initial

NIHSS≤8 achieved a good outcome independently of final reca-
nalization, in patients with NIHSS >8 the outcome was mark-
edly influenced by the achievement of recanalization (mRS 0–2:
58% vs 22%). This fact combined with the high observed rate
of recanalizaton and the low rate of complications, as compared
with previous studies that showed death rates >20%,2 5 advo-
cates the use of stentrievers in confirmed M2 MCA occlusions,
especially if causing moderate to severe symptoms.

Our study has several limitations for a descriptive study. First,
the small sample; second, although the majority of the devices
were stentrievers, there were other treatments, such as IA tPA;
and finally, it did not include a control group receiving no inter-
vention that could confirm our findings. However, this is a con-
secutive, prospective and externally audited series that shows for
the first time trends in safety and improved outcome in patients
with distal MCA occlusions treated under routine clinical condi-
tions in the era of stentrievers. Most patients were treated in
high-volume centers with interventionalists with extensive
experience with stentrievers. This should be taken into account
when applying the conclusions of our study to other situations.

CONCLUSION
Endovascular treatment of M2 MCA occlusion with stentrievers
seems safe. Induced recanalization may double the chances of
achieving a favorable outcome, especially in patients with mod-
erate to severe symptoms.
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Table 1 Baseline characteristics of patients and main outcomes according to early recanalization or not

Characteristics
All patients
(N=65)

Recanalization
(N=51)

No recanalization
(N=14) p Value

Age, mean (SD) 66.6 (15.8) 66.2 (15.2) 68 (15) 0.78
Female, n (%) 31 (48) 27 4 0.093
Hypertension, n (%) 43 (66) 32 11 0.218
Atrial fibrillation, n (%) 23 (35) 18 5 0.606
“Wake-up” stroke, n (%) 9 (13.8) 8 1 0.374
Preprocedure NIHSS, median (IQR) 14.5 14.4 (IQR 10–19) 15.01 (IQR 11–18) 0.699
Infarct volume cc, (median (IQR))* 27 (2–82) 8 (0–44) 82 (34–113) 0.013
24–36 h NIHSS, median (IQR) 16 (6) 7.7 (IQR 2–11) 17 (IQR 9–21) 0.003
SICH, n (%) 6 (9) 3 3 0.276
Dramatic recovery, n (%) 27 (41.8) 25 2 0.016
mRS at 3 months <3 (n=55), n (%) 33 (60) 30 3 0.038

*Infarct volume were measured only in one center n=25.
Bold p values indicate statistical significance.
mRS, modified Rankin Score; NIHSS, National Institutes of Health Stroke Scale; SICH, symptomatic intracranial hemorrhage.

Figure 1 Bars show rate of patients with good clinical outcome
(modified Rankin score (mRS) ≤2) at 3 months according to
preprocedure National Institutes of Health Stroke Scale (NIHSS).
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A B S T R A C T

BACKGROUND
In acute ischemic stroke, although early recanalization predicts rapid neurological re-
covery, in some cases early reperfusion does not immediately correlate to clinical
improvement as “stunned brain” patients. The cortical activity monitoring in stroke
patients is usually performed to evaluate epileptic activity through electroencephalo-
gram. Bispectral index (BIS) monitor the cortical activity by fronto-temporal elec-
trodes and is currently used for monitoring level of conscious on sedo-analgesia pa-
tients. Some studies have shown certain sensibility to detect cerebrovascular events
during carotid revascularization. We aimed to evaluate the impact of BIS monitoring
before and shortly after reperfusion on early and delayed clinical improvement on stroke
patients.
METHODS
Consecutive patients with acute anterior circulation ischemic stroke who received reper-
fusion therapies were monitored with bicortical BIS during the first 6 hours of admission.
We registered initial and final BIS value on the affected and contralateral side and deter-
mined asymmetry and changes in relation to recanalization and other clinical variables as
sedation and perprocedure complications. We defined major clinical improvement decrease
�8 points at discharge or 5 day at admission. Infarct volume was measure on 24-hour CT
scan. Modified Rankin score at 3 months was evaluated.
RESULTS
A total of 53 patients were monitored with BIS. Median age was 73 years, median baseline
National Institutes of Health Stroke Scale (NIHSS) 16. We observed an inverse correlation
between final BIS score and NIHSS at discharge (P < .001; r = −.538) and infarct volume
at 24 hours (P = .031; r = −.430).
A receiver–operator characteristic curve identified a final BIS score of >81 as the value
that better predicted further clinical improvement. After adjusting for recanalization,
posttreatment NIHSS and age, final BIS emerged as the only independent predictor of
clinical improvement(OR 1.21; CI 95%:1.01–1.28; P = .024).
Among patients without improvement at 24 hours, after adjusting for recanalization,
posttreatment NIHSS and age, final BIS value >81 emerged as the only independent
predictor of clinical improvement(OR 11.6; CI 95%:1.112–122.3; P = .04).
CONCLUSION
BIS value is associated with clinical and radiological variables in acute stroke patients. The
final BIS value is a powerful independent predictor of further clinical improvement. Larger
studies are needed to assess the value of post reperfusion cortical activity measured by
BIS.

Copyright ◦C 2014 by the American Society of Neuroimaging 1



Background
Acute stroke patients undergoing reperfusion therapy may
show a variable clinical course with either early or delayed
improvement after recanalization.1 Several factors including
low National Institutes of Health Stroke Scale (NIHSS) score
at 24 hours, small final infarct volume, recanalization and the
presence of good pial collateral flow have been shown to be
associated with good clinical outcome after reperfusion.1–6 In
some patients, however, nutritional and timely reperfusion is
not translated into early clinical improvement, stunned brain,
which underscores the predictive accuracy of NIHSS score
measured at postreperfusion and even at 24 hours. The ab-
sence of immediate clinical improvement after recanalization
occurs in up to 37% of patients receiving reperfusion therapy.7

The lack of initial clinical response may indicate either delayed
or ineffective recanalization or that the brain is temporarily and
reversibly stunned by the ischemic insult. Conventional clini-
cal and radiological features are unable to discriminate these
groups.

Bispectral index (BIS) was introduced in 1994 to monitor the
depth of anesthesia.8 This technology has proved effective in
reducing sedation and helps reduce the days of weaning, ICU
stay, and costs.9 Briefly, the BIS is a single number (0–100 being
the number closest to 100 equivalent to the normal awake elec-
troenfalogram activity and close to 0 equivalent to a flat elec-
troencephalogram) which is the result of a complex multivariate
electroencephalogram (EEG) parameters from frontal and tem-
poral electrodes, in another way to explain is a quantitative
measure of cortical activity of frontal and temporal areas. Stud-
ies have indicated that BIS is sensitive to changes that modify
cerebral metabolic activity.10 The usefulness of BIS monitoring
has been described in the literature during carotid revascular-
ization and reporting with non according results between case
series to detect perioperative intracranial vascular events11,12

and cases reports of sensitivity to detect intraoperative stroke
events.13,14 However, information on the yield of BIS monitor-
ing in acute stroke setting is lacking.

Real-time assessment of cortical activity after reperfusion
may refine the predictive accuracy of stroke severity—as mea-
sured after reperfusion—on long-term outcome, identify tissue
viability during endovascular procedures and be useful as sur-
rogate marker of reperfusion success. Therefore, we sought to
investigate the impact of BIS monitoring before and shortly
after reperfusion on early clinical course, infarct size and long-
term outcome.

Methods
Consecutive patients with acute anterior circulation ischemic
stroke who received reperfusion therapy (intravenous [IV] tPA
and/or intrarterial procedures) underwent bilateral BIS mon-
itoring on the first 6 hours of admission (before, during, and
after reperfusion treatment).

We registered the initial and final BIS value (we define the
initial BIS value the mean of the first 60 minutes of monitoring
and the final BIS value the mean of final 60 minutes) on the
affected and contralateral side and determined the interhemi-
spheric asymmetry (initial and final asymmetry as well as the

change of asymmetry between initial and final recordings), BIS
changes in relation to recanalization, and other clinical vari-
ables such as sedation and early haemorrhagic transformation.
BIS monitoring information from each patient was recorded in
PDF files (Fig 1).

Angiographic assessment was performed to evaluate final re-
canalization and the degree of pial collateral in patients under-
going endovascular procedures, in patients with IV treatment,
ultrasound Doppler trascraneal (DTC) was performed to evalu-
ate occlusion and recanalization post treatment. Recanalization
defined as TICI 2b-3 scores on angiography and as TIBI 4–5
on DTC.

Neurological status was assessed by a certified neurologist on
patient’s arrival, at 24 hours and at 7 days or discharge using the
NIHSS. We defined major clinical improvement was defined by
a �8-point improvement in NIHSS score or an NIHSS score
of 0 or 1 at discharge or 7 day of admission.15 We measure
the variability of NIHSS between the admission and discharge.
The modified Rankin score (mRS) was used to assess clinical
outcome at 3 months.

A 24-hour CT scan determined the presence of hemorrhage
and infarct volume was measured using the ABC/2 formula.16

Symptomatic hemorrhage was defined as CT document hem-
orrhage that was temporally related to deterioration in the pa-
tient’s clinical condition in the judgment of the clinical investi-
gator.

Statistical Analysis
Descriptive and frequency statistical analysis were obtained and
comparisons were made using the SPSS 15.0 statistical package.
Statistical significance for intergroup differences was assessed
by the Pearson 2 or the Fisher exact test for categorical variables,
and the Student’s t-test and ANOVA for continuous variables.
Pearson correlation coefficient was used to determine correla-
tions between final BIS score and other continuous variables.
When indicated, Mann-Whitney U and Spearman tests were
used. To calculate the sensitivity and specificity of variables to
predict clinical improvement, a receiver–operator characteris-
tic (ROC) curve was configured. A logistic regression analysis
was performed to determine factors that could be considered
independent predictors of favorable outcome. P < .05 was con-
sidered statistically significant.

Results
A total of 53 patients were monitored by bicortical BIS. Base-
line characteristics are shown in the Table 1. All patients under-
went BIS monitoring <6 hours of stroke onset. BIS monitoring
started at a mean time of 263 minutes from symptoms onset.
The mean of BIS monitoring was 293 minutes. In the affected
side, the mean of mean BIS values was 83.8 (ranging from 67
to 97). Mean initial BIS number was 83.2 (ranging from 60 to
97) and the mean final BIS number was 83.6 (ranging from 61
to 98). In the unaffected side, the initial and final BIS numbers
were 86.96 (ranging from 63 to 98) and 86.92 (ranging from 60
to 98), respectively.

The median baseline NIHSS score was 16 (range 2–23) and
median baseline ASPECTS score was 10 (range 7–10). There
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Fig 1. Graphics that show a patient with BIS monitoring on unit stroke and the record file according to time.

Table 1. Baseline characteristics according to final BIS number � 81
and <81.

All Final Final
n = 53 BIS > 81 BIS < 81 P

Age (mean) 73.9 71.81 77.28 0.152
Gender female n (%) 30(56) 15 15 0.068
Glycaemia (mgr/dL) 142 149.1 127.7 0.356
Hypertension n (%) 37(69) 16 21 0.307
Atrial fibrilation n (%) 16(29) 10 6 0.53
ASPECTS score mean 9.5 9.6 9.4 0.637
Infartc volume cc. n:44 59.1 33.6 92.4 0.054
Baseline NIHSS (median) 16 15 16 0.463
NIHSS at discharge

(median)
10 5 17 <0.001

Time to recanalization
n = 20 (minutes)

975 232 450 0.101

Major clinical
improvement n 53 (%)

25 (47) 22 3 <0.001

Recanalization n = 42 (%) 33(78) 22 11 0.02
Intra-arterial procedure

n: 53 (%)
34(64) 21 13 0.434

Pial collateral score 1–2
(%n:15)

6 (40%) 5 1 0.59

mRS < 3 n:39 (%) 16 (38) 14 2 0.036

was no relationship between baseline stroke severity neither
with the initial BIS value nor with ASPECTS score on baseline
CT scan.

From 34 patients undergoing endovascular procedures, only
5 patients received sedative drugs during the procedure accord-
ing to decision of the medical team. In the univariate analysis,
there wasn’t significant relationship with the final BIS value

Fourteen patients (26%) received IV. tPA alone, 21 (39%)
bridging IV–IA and 18 (34%) primary IA. Recanalization at
6 hours was achieved in 33 patients. Patients who experienced
recanalization showed significantly higher final BIS values com-

pared with those who did not. (86 vs. 73; P = .008, respectively).
The change in the BIS number was observed shortly after re-
canalization in a stepwise manner in most patients. Among pa-
tients who recanalized (n = 33), the final BIS number (P = .015;
91.2 vs. 82.2), 24-hour infarct volume (P = .02; 18.6 cc vs. 69.3
cc) and NIHSS at 24 hours (P = .000; 7.5 vs. 18.6) were asso-
ciated with major clinical improvement at discharge. In the lo-
gistic regression adjusting for age, post-treatment NIHSS score
and 24 hours infarct volume, final BIS number >81 (OR =
20.19; CI = 1.37–290; P = .028) and infarct volume (OR =
.951; CI = .905–.999; P = .047) were predictors of clinical
improvement at discharge.

The final BIS value was inversely correlated with the NIHSS
at 24 hours (r = −.390; P = .004), NIHSS at discharge (r =
−.292; P < .001), 24-hour infarct volume (r = −.430; P = .031),
and with the change of NIHSS from baseline and discharge (r =
.598; P = .004; Fig 2).

From all patients, 25 experienced major clinical improve-
ment at discharge or 7th day of admission. Sixteen (64%) im-
proved <24 hours and 9 (36%) showed delayed improvement.
Twenty-eight (52%) patients remained stable or worsen <7 days
after stroke. Variables associated with major clinical improve-
ment were NIHSS score at 24 hours (8.5 vs. 17.2; P <.001),
24-hour infarct volume (23.2 cc vs. 129.2 cc; P = .03), and final
BIS value (89.5 vs. 80.0; P = .001).

A ROC curve identified a final BIS value of >81 as the best
predictor of further clinical improvement at discharge (sensitiv-
ity 95% and specificity 62%). After adjusting for age, recanal-
ization and posttreatment NIHSS score, final BIS emerged as
the only independent predictive factor of clinical improvement
(OR 1.41; CI 95%: 1.01–1.28; P = .024; Fig 3).

Mean infarct volume at 24-hour-CT scan was 59.1 ± 97
cc; 24-hour infarct volume and was inversely correlated with
final BIS value (r = −.349 P = .04) and directly correlated with
24-hour NIHSS (r = .542 and P = .001). Regarding the location
of infarction on follow-up CT, of 53 patients 46 had cortical
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Fig 2. Graphics that show correlation between NIHSS at discharge and the final BIS (r = 0.292; P = 0.013).

and 7 noncortical lesions. There was no differences in the mean
initial BIS value (81.6 vs. 82.9) and the final BIS value (81.3 vs.
85.9) between cortical and noncortical (P = .8 and P = .2).

The median mRS score at 3 months was 3, 38% patients
became independent at 3 months (mRS < 3). Age (P = .008),
baseline NIHSS (P = .002), 24-hour-NIHSS score (P < .001),
and final BIS value >81 (P = .04) were factors significantly asso-
ciated with good clinical outcome (mRS < 3) on the univariate
analysis.

Other BIS variables appeared unrelated to clinical and radi-
ological outcomes. Only the change between initial and final in-
terhemispheric BIS asymmetry was correlated with the NIHSS
score at discharge (P = .035; r = .296) but not with the NIHSS
postrecanalization and the 24 hours.

Of a total of 34 patients without 24-hour improvement, 9 pa-
tients improved at discharge. In the univariate analysis, final BIS
value >81 (P = .03) and infarct volume at 24 hours (P = .031)
were associated with major clinical improvement at discharge.
In the logistic regression, after adjusting for recanalization, 24
hour-NIHSS score, and age, final BIS value >81 emerged as
the only independent predictor of clinical improvement (P =
.035; OR 12.5; CI 95%: 1.11–122) with a sensitivity of 91% and
specificity of 65%.

Discussion
Our study demonstrates that BIS parameters are related to clin-
ical and radiological variables in acute stroke patients. Several
BIS parameters have been evaluated in awake shunted patients

undergoing to Carotid Endarterectomy (CEA) showing the pa-
tients with neurological symptoms had lower BIS values com-
pared to asymptomatic patients.12,13,17 However, information
on the yield of BIS changes in acute stroke patients is lacking.

We observed a relationship between the final BIS num-
ber and clinical and radiological outcomes as stroke severity
at discharge, infarct volume, and major clinical improvement.
A final value of BIS <81 was associated with lower degree of
clinical improvement, greater infarct size, and worse long-term
outcome. This parameter may provide valuable prognostic in-
formation shortly after reperfusion and before to others clini-
cal and radiological variables as postreperfusion NIHSS score,
NIHSS score at 24 hours, or infarct volume.2,3

We observed in patients without early improvement (at
postreperfusion and 24-hour) that the final BIS value >81 was
associated with major clinical improvement at discharge, this
parameter may be helpful to identify “stunned brain” patients
with delayed clinical response to otherwise nutritional reperfu-
sion. Several potential mechanisms may predispose brain tis-
sue to ischemic stunning, including edema formation without
hypoattenuation, possibly additional reperfusion injury. De-
layed recovery of brain function may still occur in these pa-
tients and may be mediated by a variety of mechanisms, in-
cluding relatively late but still nutritious recanalization, resolv-
ing brain edema, delayed improvement in microcirculation in
ischemic tissues, and neuronal reorganization.18,19 Identifica-
tion of patients with stunned brain—“good” BIS without clinical
improvement despite recanalization—can be potentially useful
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Fig 3. ROC curve showing a BIS value >81, as the point that better predicts clinical improvement at discharge and a Bart chart for major
clinical improvement at discharge according to final BIS score >81.

to improve the predictive accuracy of stroke patients on early
clinical course and outcome. Therefore, the BIS value could be
an early marker of recovery in these patients. Larger studies are
needed to confirm.

Unexpectedly, the pattern of side-to-side difference varied
widely from patient to patient. Possible explanation is the sensi-
bility of BIS to discriminate bicortical signals in some cases, the
level of conscious then usually decreases the BIS score number
or well mechanism as interhemispheric inhibition.20

Currently, an extensive research is focused on surrogate
markers of tissue viability during endovascular procedures.21–24

In our study, the BIS monitoring in endovascular procedures
was unable to show information about the viability of the tissue
per procedure. Any variables as initial affected BIS score, the
initial asymmetry, or the mean of score during the procedure
appeared unrelated to clinical outcomes.

Regarding neurological complications, one patient showed
a dramatic decreased on the BIS value during an endovascu-
lar procedure heralding Symptomatic Intra Cerebral Haemor-
rhage (SICH). In another case with malignancy evolution, BIS
value was sustained <81. Further studies with a longer time
monitoring are needed.

This study has certain limitations. The relative small sam-
ple size preclude drawing enough information on the impact of
BIS monitoring in predicting early clinical complications during
of shortly after reperfusion therapies. The lack of information
about patients not undergoing reperfusion treatment is another
limitation of this study, and therefore large case-control stud-
ies are needed. We were unable to record the spectral EEG
data because the BIS technology can’t record the EEG data.
Studies have shown that seizures are not frequent in the early
acute phase in stroke (around 2–10%), however, the presence of

periodic lateralized epileptic discharge (6% on early phase on
ischemic and hemorrhagic patients in a study) and frontal in-
termittent rhythmic delta activities (observed in 24.6% patients
with early seizure and 1.1% without seizures) are related with
early and late seizure poststroke and could affect the BIS value
in the early phase.25,26 Further studies using patterns of EEG
in the BIS for role out, no convulsive seizures and accuracy
in a neurophysiological manner to understand the concept of
stunned brain will be performed. Otherwise, in this study which
we performed in patients with anterior circulation stroke, due
to the sensibility of the BIS for measuring frontal and temporal
areas, we were discriminate the localization cortical and subcor-
tical lesions but not by specific lobar localization on 24 hours
CT scan on this study. This could be a limitation for conclusions
and further studies are needed.

BIS monitoring in acute stroke may be helpful for prognosis
in acute phase in stroke patients undergoing reperfusion treat-
ment. In our study, the final BIS number emerged as a powerful
independent predictor of further clinical improvement. Larger
studies are needed for the assessment of postreperfusion cortical
activity measured by BIS.
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Extending the Time Window for Endovascular Procedures
According to Collateral Pial Circulation

Marc Ribo, MD, PhD; Alan Flores, MD; Marta Rubiera, MD, PhD; Jorge Pagola, MD, PhD;
Joao Sargento-Freitas, MD; David Rodriguez-Luna, MD; Pilar Coscojuela, MD;

Olga Maisterra, MD; Socorro Piñeiro, MD; Francisco J. Romero, MD;
Jose Alvarez-Sabin, MD, PhD; Carlos A. Molina, MD, PhD

Background and Purpose—Good collateral pial circulation (CPC) predicts a favorable outcome in patients undergoing
intra-arterial procedures. We aimed to determine if CPC status may be used to decide about pursuing recanalization
efforts.

Methods—Pial collateral score (0–5) was determined on initial angiogram. We considered good CPC when pial collateral
score �3, defined total time of ischemia (TTI) as onset-to-recanalization time, and clinical improvement �4-point
decline in admission–discharge National Institutes of Health Stroke Scale.

Results—We studied CPC in 61 patients (31 middle cerebral artery, 30 internal carotid artery). Good CPC patients (n�21
[34%]) had lower discharge National Institutes of Health Stroke Scale score (7 versus 21; P�0.02) and smaller infarcts
(56 mL versus 238 mL; P�0.001). In poor CPC patients, a receiver operating characteristic curve defined a TTI cutoff
point �300 minutes (sensitivity 67%, specificity 75%) that better predicted clinical improvement (TTI �300: 66.7%
versus TTI �300: 25%; P�0.05). For good CPC patients, no temporal cutoff point could be defined. Although clinical
improvement was similar for patients recanalizing within 300 minutes (poor CPC: 60% versus good CPC: 85.7%;
P�0.35), the likelihood of clinical improvement was 3-fold higher after 300 minutes only in good CPC patients (23.1%
versus 90.1%; P�0.01). Similarly, infarct volume was reduced 7-fold in good as compared with poor CPC patients only
when TTI �300 minutes (TTI �300: poor CPC: 145 mL versus good CPC: 93 mL; P�0.56 and TTI �300: poor CPC:
217 mL versus good CPC: 33 mL; P�0.01). After adjusting for age and baseline National Institutes of Health Stroke
Scale score, TTI �300 emerged as an independent predictor of clinical improvement in poor CPC patients (OR, 6.6;
95% CI, 1.01–44.3; P�0.05) but not in good CPC patients. In a logistic regression, good CPC independently predicted
clinical improvement after adjusting for TTI, admission National Institutes of Health Stroke Scale score, and age (OR,
12.5; 95% CI, 1.6–74.8; P�0.016).

Conclusions—Good CPC predicts better clinical response to intra-arterial treatment beyond 5 hours from onset. In patients
with stroke receiving endovascular treatment, identification of good CPC may help physicians when considering
pursuing recanalization efforts in late time windows. (Stroke. 2011;42:3465-3469.)

Key Words: collateral flow � intra-arterial � stroke

Endovascular treatment of an acute arterial occlusion is a
safe and effective option in the setting of acute stroke and

represents a therapeutic alternative when systemic
thrombolysis fails to induce recanalization or it is contrain-
dicated.1,2 However, recent studies have shown that the high
recanalization rates achieved are not always paralleled by the
expected clinical recovery.3

The time window for these procedures is typically set up to
6 to 8 hours from symptom onset; however, some studies
suggest that in selected patients, this time can be successfully
extended.4 Before the procedure, multiparametric neuroimag-
ing is being used to select those patients with salvageable

persistent ischemic penumbra that will benefit from the
interventional procedure.5 However, definitive evidence
about its value for triage is still lacking. Furthermore, once
the procedure is initiated if recanalization is not promptly
achieved, the interventionalist does not have any source of
information to make the decision about whether to con-
tinue the efforts to recanalize or stop the process. Pursuing
recanalization efforts at any price may lead to futile
recanalization with no corresponding clinical improvement
or even worse, to symptomatic hemorrhagic transforma-
tion. On the other hand, too early termination of the
procedure before recanalization is achieved may prevent
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benefits of reperfusion in some patients with not irrevers-
ibly damaged brain tissue.

Collateral pial circulation (CPC) perfusing the ischemic
penumbra can be angiographically assessed and graded dur-
ing endovascular procedures.6,7 A good collateral flow sus-
tains the penumbra before recanalization, offsets infarct
growth,8 reduces hemorrhagic transformation,9 and was even
related to a higher degree of recanalization.10 We aimed to
study if information about the state of collateral flow could be
used to extend the therapeutic time window in patients with
acute stroke undergoing urgent intra-arterial procedures.

Methods
Consecutive patients with acute stroke undergoing endovascular
procedures were studied. At patient arrival to the emergency depart-
ment, a complete evaluation was done by the neurologist on call
including a complete ultrasound evaluation (carotid arteries�trans-
cranial Doppler).11 Early ischemic signs on cranial CT scan were
quantified by the Alberta Stroke Program Early CT Score (ASPECTS).12

Eligible patients were treated with intravenous tissue-type plasmin-
ogen activator before the intra-arterial procedure. Patients with a
persistent arterial occlusion at the end of intravenous tissue-type
plasminogen activator infusion or with contraindications to receive
intravenous tissue-type plasminogen activator were treated with
endovascular procedures. When clinical status allowed, a conscious
sedation protocol avoiding intubation was preferred. Heparin was
administered after femoral artery puncture as a 2000- to 3000-U
intravenous bolus. Only patients with angiographically documented
terminal internal carotid artery or middle cerebral artery occlusion
were included in the study.

Collateral pial circulation was graded according to previously
published criteria.6,9 Briefly, initial angiograms of all patients were
reviewed for occlusion site, pial collateral formation, and reperfusion
by an interventional neurologist who was blinded to all clinical
information during this review. Pial collaterals were graded on a
5-point scale based on anatomic extent as defined elsewhere with
good pial collaterals being Grades 1 and 2 and poor being Grades 3
to 5. Occlusions at the internal carotid bifurcation were scored
performing a contralateral carotid angiogram that could show col-
lateral filling through the anterior communicating artery. Posterior
cerebral artery collaterals were not consistently evaluated. Good pial
collaterals in this study were equivalent to Grades 3 and 4 described
by Higashida and Furlan.13 Patients with incomplete initial collateral
circulation study (too short initial angiogram, no contralateral angio-
gram, etc) were excluded from the analysis.

Independent of the collateral circulation status, interventionalists
tried to achieve recanalization with repeated local 3 to 5 mg
tissue-type plasminogen activator injections (to a maximum of 20
mg) or mechanical clot disruption with the guidewire and/or the
Merci, Solitaire, or Trevo retrievers according to their preferences
and patient characteristics. The predefined protocol, approved by the
local ethics committee, indicates procedure termination when recan-
alization is achieved or at 6 to 8 hours from symptom onset. Timing
of all procedural steps was recorded. Recanalization was assessed
with the Thrombolysis In Myocardial Infarction grading score14 at
the end of procedure. For analysis purposes, we considered success-
ful recanalization a Thrombolysis In Myocardial Infarction score
�2. We defined total time of ischemia (TTI) as time from symptom
onset to recanalization. Neurological status was assessed by a
certified neurologist on the patient’s arrival at 24 hours and at 7 days
or discharge using the National Institutes of Health Stroke Scale15

(NIHSS). We defined clinical improvement as a �4-point decline in
the NIHSS score from baseline to discharge. A 24-hour CT scan
determined the presence of hemorrhage and infarct volume was
measured using the ABC/2 formula.16,17 Symptomatic hemorrhage
was defined as a CT-documented hemorrhage that was temporally
related to deterioration in the patient’s clinical condition in the
judgment of the clinical investigator.18 CT readings were performed

by neuroradiologists blinded to clinical and angiographic data. The
modified Rankin Scale19 was used to assess clinical outcome at 90
days.

Statistical Analysis
Descriptive and frequency statistical analysis was obtained and
comparisons were made using the SPSS 15.0 statistical package.
Statistical significance for intergroup differences was assessed by the
Pearson �2 or the Fisher exact test for categorical variables and the
Student t test and analysis of variance for continuous variables.
When indicated, Mann-Whitney U and Spearman tests were used. To
calculate correlations between continuous variables, the Pearson
correlation test was used. To calculate the sensitivity and specificity
of time cutoff points to predict clinical improvement, a receiver
operator characteristic curve was configured. A logistic regression
analysis was performed to determine factors that could be considered
independent predictors of favorable outcome. P�0.05 was consid-
ered statistically significant.

Results
From 122 patients undergoing urgent intra-arterial proce-
dures, a complete anterior CPC evaluation was done in 61
(middle cerebral artery: 31, internal carotid artery: 30).
Sixty-one patients were excluded from analysis due to insuf-
ficiently collateral flow assessment. Median baseline NIHSS
was 18 (interquartile range, 4); 67 patients (54.9%) received
intravenous tissue-type plasminogen activator before the
intra-arterial procedure. On initial angiograms, 21 patients
(34%) had good CPC. Among all baseline variables, only
ASPECTS (median ASPECTS score: 10 [0] versus 9 [2];
P�0.004) and systolic blood pressure (134.1�18 versus
149.7�28 mm Hg; P�0.05) were significantly different be-
tween good and poor CPC patients, respectively. Other
variables are shown in the Table. The rates of recanalization
were significantly higher among good CPC patients (90.5%
versus 64.1%; P�0.034). The duration of the procedure was
not different between poor (100�52 minutes) and good CPC

Table. Patients’ Baseline Characteristics According to
Collateral Pial Circulation (CPC) Status

Good CPC
(n�21)

Poor CPC
(n�40) P

Age, y 66.4�13 72.1�12 0.099

Female gender 9 (42.9%) 17 (42.5%) 0.595

Hypertension 12 (57.1%) 27 (67.5%) 0.300

Diabetes 2 (9.5%) 6 (15%) 0.433

Atrial fibrillation 8 (38.1%) 25 (62.5%) 0.061

Intravenous tPA 13 (61.9%) 16 (40%) 0.14

Glucose, mg/mL 135.5�45 118.9�39 0.219

Systolic blood pressure 134.1�18 149.7�28 0.050

Diastolic blood pressure 75.7�13 80.8�12 0.197

Tandem extra-/intracranial occlusion 5 (23.8%) 8 (22.9%) 0.591

Carotid T occlusion 7 (23.3%) 23 (76.7%) 0.063

ASPECTS, median (IQR) 10 (0) 9 (2) 0.004

Baseline NIHSS, median (IQR) 18 (3.75) 19 (3) 0.061

Symptom to groin, min 257.9�149 222.5�96 0.305

tPA indicates tissue-type plasminogen activator; ASPECTS, Alberta Stroke
Program Early CT Score; IQR, interquartile range; NIHSS, National Institutes of
Health Stroke Scale.
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patients (94�58 minutes; P�0.701). Among patients who
achieved recanalization, the TTI was comparable between
patients with poor (314�84 minutes) or good CPC (361�187
minutes; P�0.32).

Patients with good CPC had better clinical course at 24
hours (median NIHSS, 8 versus 18; P�0.01) and at discharge
or 7 days (median NIHSS, 7 versus 21; P�0.02). For all
patients, a correlation was found between TTI and clinical
improvement at discharge or 7 days (r��0.24; P�0.039;
Figure 1). Among patients with poor CPC, a receiver operator
characteristic curve could define a cutoff point of �300
minutes of TTI (sensitivity 67%, specificity 75%) that better
predicted further clinical improvement (TTI �300: 66.7%
versus TTI �300: 25%; P�0.05). However, among patients
with good CPC, no cutoff point could be determined. Al-
though the rate of clinical improvement in patients recanaliz-
ing within 300 minutes was unrelated to CPC (poor CPC 60%
versus good CPC 85.7%; P�0.35), the likelihood to experi-
ence clinical improvement after delayed recanalization
(�300 minutes) was 3-fold higher in patients with good CPC

(23.1% versus 90.1%; P�0.01). After adjusting for age,
baseline NIHSS, and occlusion location, TTI �300 emerged
as an independent predictor of clinical improvement in
patients with poor CPC (OR, 6.6; 95% CI, 1.01–44.3;
P�0.05) but not in patients with good CPC. In a logistic
regression model after adjusting for total time of ischemia,
admission NIHSS, and age, the presence of good CPC
independently predicted clinical improvement (OR, 12.5;
95% CI, 1.6–74.8; P�0.016).

On follow-up CT scan, smaller infarct volumes were
measured in patients with good CPC (56 mL versus 238 mL;
P�0.001). Although the infarct volume in patients recanaliz-
ing within 300 minutes was unrelated to CPC (poor CPC 145
mL versus good CPC 93 mL; P�0.56), the infarct volume
after delayed recanalization (�300 minutes) was 7-fold larger
in patients with poor CPC (poor CPC 217 mL versus good
CPC 33 mL; P�0.01; Figure 2). The rate of symptomatic
hemorrhagic transformation was 8.5% and no differences
were found between good (9.5%) and poor CPC patients
(7.9%; P�0.83).

Figure 1. Degree of clinical improvement
at discharge according to total time of
ischemia among patients with poor or
good collateral flow. NIHSS indicates
National Institutes of Health Stroke Scale.

Figure 2. Differences in clinical improvement and final infarct grow according to total time of ischemia in patients with good and poor
collateral flow (mRS indicates modified Rankin Scale; *P�0.005).
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At 3 months, patients with good CPC had a lower rate of
disability (good CPC, modified Rankin Scale �2: 66.7%
versus poor CPC 15.6%; P�0.002). Again, when comparing
between patients with early and delayed recanalization, the rate
of 3-month disability was significantly lower only in patients
with poor CPC (9; 1% versus 50%; P�0.026; Figure 2).

Baseline NIHSS (OR, 1.57; 95% CI, 1.1–2.24; P�0.011)
and good CPC (OR, 7.39; 95% CI, 1.36–40.2; P�0.021)
were the only independent predictors of modified Rankin
Scale �2 at 3 months.

Discussion
Our study demonstrates that the evaluation of the collateral
flow status during endovascular procedures in patients with
acute stroke is a valuable source of information that can be
used to predict the chances of clinical recovery and even
individualize the therapeutic time window. Angiographic
identification of a good collateral flow has been associated
with better clinical outcome and lower rate of hemorrhage in
patients with stroke undergoing endovascular procedures.6,9

Moreover, recent studies have shown that good CPC is also
associated with a higher degree of recanalization.10 These
results were replicated in our study. In addition, we aimed to
investigate further the interaction between collateral flow and
duration of ischemia and we observed that in acute stroke, the
negative impact of time is modulated by the CPC status. The
growing differences as TTI increases in terms of clinical
recovery or infarct volume between patients with good or
poor CPC reflect that the recruitment of the ischemic pen-
umbra into irreversible infarct is accelerated when collateral
flow is insufficient.

Patients with acute stroke are considered candidates for
endovascular procedures according to a preprocedure neuro-
imaging confirming the presence of savable tissue at risk.
However, if recanalization is not promptly achieved, the
duration of the procedure may last several hours during which
the ischemic lesion may grow making reperfusion futile or
even counterproductive by increasing the risk of symptomatic
intracerebral hemorrhage. In the angio suite, the decision
about whether to continue or end recanalization efforts is
usually solely based on the time from symptom onset and
preprocedure neuroimaging, because no other intraprocedure
source of information about the ischemic brain is usually
available. This decision may deny the benefit of recanaliza-
tion to some patients with still viable ischemic penumbra.
Angiographic assessment of collateral pial circulation may be
rapidly performed during endovascular procedures. The in-
formation about the presence or lack of good collateral flow
probably reflects the degree of ischemia in the penumbral
tissue and may be used to tailor the therapeutic window in
each patient. In our study, we identified a cutoff point of 5
hours that better predicted lack of improvement only those
patients with poor CPC. On the other hand, among those
patients with good CPC, the negative impact of time was
considerably blunted and a worthwhile clinical recovery was
observed even when recanalization was achieved up to 8
hours from symptom onset. Moreover, good CPC seemed
also to improve outcome in the absence of recanalization
(Figure 1). These observations are sustained by the fact that

CPC emerged as the only independent predictor of clinical
improvement even after adjusting for total time of ischemia.
Our observations may also encourage the development of
different strategies to augment the collateral flow as a single
treatment or in combination with recanalization procedures.20

Our institutional treatment protocol did not observe treat-
ing patients with stroke with endovascular procedures beyond
8 hours from symptom onset. Therefore, these results should
not be extrapolated to the very late time window. Future
confirmatory studies of our hypothesis should also explore
the time limit within good collateral flow remains a reliable
indicator of salvageable brain tissue. Posterior circulation
collaterals may also have an influence on outcome; however,
their presence was not consistently determined because in the
setting of acute endovascular therapy, our goal was to
recanalize and not to fully study every artery before recana-
lization attempts.

Conclusions
The presence of good CPC predicts a better clinical response
to intra-arterial treatment beyond 5 hours from symptom
onset. In patients with stroke receiving endovascular treat-
ment, identification of good CPC may help physicians when
considering expanding the therapeutic time window.

Source of Funding
M.R. is the recipient of a grant by the Instituto de Salud Carlos III:
PS09/01660.

Disclosures
M.R. is the recipient of a modest grant from the Instituto de Salud
Carlos III: PS09/01660 (Spanish Ministry of Science).

References
1. IMS II Trial Investigators. The Interventional Management of Stroke

(IMS) II study. Stroke 2007;38:2127–2135.
2. Smith WS, Sung G, Saver J, Budzik R, Duckwiler G, Liebeskind DS, et

al. Mechanical thrombectomy for acute ischemic stroke: final results of
the Multi MERCI trial. Stroke. 2008;39:1205–1212.

3. Penumbra Pivotal Stroke Trial Investigators. The penumbra pivotal stroke
trial: safety and effectiveness of a new generation of mechanical devices
for clot removal in intracranial large vessel occlusive disease. Stroke.
2009;40:2761–2768.

4. Abou-Chebl A. Endovascular treatment of acute ischemic stroke may be
safely performed with no time window limit in appropriately selected
patients. Stroke. 2010;41:1996–2000.

5. Chang KC, Hsu SW, Liou CW, Huang YC, Lee LH, Lui CC, et al.
Intra-arterial thrombolytic therapy for acute intracranial large artery
occlusive disease in patients selected by magnetic resonance image.
J Neurol Sci. 2010;297:46–51.

6. Christoforidis GA, Mohammad Y, Kehagias D, Avutu B, Slivka AP.
Angiographic assessment of pial collaterals as a prognostic indicator
following intra-arterial thrombolysis for acute ischemic stroke. AJNR
Am J Neuroradiol. 2005;26:1789–1797.

7. Mohammad Y, Xavier AR, Christoforidis G, Bourekas E, Slivka A.
Qureshi grading scheme for angiographic occlusions strongly correlates
with the initial severity and in-hospital outcome of acute ischemic stroke.
J Neuroimaging. 2004;14:235–241.

8. Mohammad YM, Christoforidis GA, Bourekas EC, Slivka AP. Qureshi
grading scheme predicts subsequent volume of brain infarction following
intra-arterial thrombolysis in patients with acute anterior circulation is-
chemic stroke. J Neuroimaging. 2008;18:262–267.

9. Christoforidis GA, Karakasis C, Mohammad Y, Caragine LP, Yang M,
Slivka AP. Predictors of hemorrhage following intra-arterial thrombolysis
for acute ischemic stroke: the role of pial collateral formation. AJNR Am J
Neuroradiol. 2009;30:165–170.

3468 Stroke December 2011

 by guest on June 23, 2014http://stroke.ahajournals.org/Downloaded from 



10. Bang OY, Saver JL, Kim SJ, Kim GM, Chung CS, Ovbiagele B, et al.
Collateral flow predicts response to endovascular therapy for acute is-
chemic stroke. Stroke. 2011;42:693–699.

11. Molina CA, Montaner J, Abilleira S, Ibarra B, Romero F, Arenillas JF,
et al. Timing of spontaneous recanalization and risk of hemorrhagic
transformation in acute cardioembolic stroke. Stroke. 2001;32:
1079–1084.

12. Barber PA, Demchuk AM, Zhang J, Buchan AM. Validity and reliability
of a quantitative computed tomography score in predicting outcome of
hyperacute stroke before thrombolytic therapy. ASPECTS Study Group.
Alberta Stroke Programme Early CT Score. Lancet. 2000;355:
1670–1674.

13. Higashida RT, Furlan AJ, Roberts H, Tomsick T, Connors B, Barr J, et al.
Trial design and reporting standards for intra-arterial cerebral
thrombolysis for acute ischemic stroke. Stroke. 2003;34:e109–e137.

14. Chesebro JH, Knatterud G, Roberts R, Borer J, Cohen LS, Dalen J, et al.
Thrombolysis in Myocardial Infarction (TIMI) Trial, Phase I: A com-
parison between intravenous tissue plasminogen activator and intra-
venous streptokinase Clinical findings through hospital discharge.
Circulation. 1987;76:142–154.

15. Brott TG, Haley EC Jr, Levy DE, Barsan W, Broderick J, Sheppard
GL, et al. Urgent therapy for stroke. Part I. Pilot study of tissue
plasminogen activator administered within 90 minutes. Stroke. 1992;
23:632– 640.

16. Hill MD, Demchuk AM, Tomsick TA, Palesch YY, Broderick JP. Using
the baseline CT scan to select acute stroke patients for IV-IA therapy.
AJNR Am J Neuroradiol. 2006;27:1612–1616.

17. van der Worp HB, Claus SP, Bar PR, Ramos LM, Algra A, van Gijn J,
et al. Reproducibility of measurements of cerebral infarct volume on CT
scans. Stroke. 2001;32:424–430.

18. The National Institute of Neurological Disorders and Stroke rtPA Stroke
Study Group. Tissue plasminogen activator for acute ischemic stroke.
N Engl J Med. 1995;333:1581–1587.

19. The Dutch TIA trial: protective effects of low-dose aspirin and atenolol in
patients with transient ischemic attacks or nondisabling stroke. The Dutch
TIA Study Group. Stroke. 1988;19:512–517.

20. Emery DJ, Schellinger PD, Selchen D, Douen AG, Chan R, Shuaib A,
et al. Safety and feasibility of collateral blood flow augmentation after
intravenous thrombolysis. Stroke. 2011;42:1135–1137.

Ribo et al Extending Time Window According to Collaterals 3469

 by guest on June 23, 2014http://stroke.ahajournals.org/Downloaded from 



Clinical Investigative Study

Arterial Blood Gas Analysis of Samples Directly Obtained Beyond
Cerebral Arterial Occlusion During Endovascular Procedures
Predicts Clinical Outcome

Alan Flores, MD, Joao Sargento-Freitas, MD, Jorge Pagola, MD, PhD, David Rodriguez-Luna, MD,
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A B S T R A C T
Real-time intra-procedure information about ischemic brain damage degree may help
physicians in taking decisions about pursuing or not recanalization efforts.
METHODS
We studied gasometric parameters of blood samples drawn through microcatheter in
16 stroke patients who received endovascular reperfusion procedures. After crossing the
clot with microcatheter, blood sample was obtained from the middle cerebral artery (MCA)
segment distal to occlusion (PostOcc); another sample was obtained from carotid artery
(PreOcc). An arterial blood gas (ABG) study was immediately performed. We defined
clinical improvement as National Institutes of Health Stroke Scale (NIHSS) decrease
of ≥4.
RESULTS
The ABG analysis showed differences between PreOcc and PostOcc blood samples in mean
oxygen partial pressure (Pre-PaO2: 78.9±16 .3 vs 73.9±14 .9 mmHg; P < .001). Patients
who presented clinical improvement had higher Post-PaO2 (81±11 .4 vs 64.8 ± 14 .4
mmHg; P= .025). A receiver-operator characteristic (ROC) curve determined Post-PaO2
> 70 mmHg that better predicted further clinical improvement. Patients with Post-PaO2
> 70 mmHg had higher chances of clinical improvement (81.8% vs 0%; P= .002) and
lower disability (median mRS:3 vs 6; P = .024). In the logistic regression the only
independent predictor of clinical improvement was Post-PaO2 > 70 (OR: 5.21 95%CI:1.38-
67.24; P = .013).
CONCLUSION
Direct local blood sampling from ischemic brain is feasible during endovascular procedures
in acute stroke patients. A gradient in oxygenation parameters was demonstrated between
pre- and post-occlusion blood samples. ABG information may be used to predict clinical
outcome and help in decision making in the angio-suite.

Introduction
Endovascular treatment of an acute arterial occlusion is a safe
and effective option in the setting of acute stroke and repre-
sents a therapeutic alternative when systemic thrombolysis fails
to induce recanalization or it is contraindicated.1,2 However,
recent studies have shown that the high recanalization rates
achieved are not always paralleled by the expected clinical
recovery.3

The time window for these procedures is typically set up
to 6–8 hours from the symptom onset; however some studies
suggest that in selected patients this time can be successfully ex-
tended.4 Before the procedure, multiparametric neuroimaging
is done to see if the patients have salvageable persistent ischemic
penumbra, so that they can benefit from the interventional pro-

cedure.5 However definitive evidence about its value for triage
is still lacking. Once the procedure is initiated, if recanalization
is not promptly achieved the interventionalist does not have
any source of information to take the decision about whether to
continue the efforts to recanalize or stop the process. Pursuing
recanalization efforts at any price may lead to futile recanal-
ization with no corresponding clinical improvement or, even
worse, to symptomatic hemorrhagic transformation. However,
a too early termination of the procedure before recanalization is
achieved may keep away from the benefits of reperfusion some
patients with not irreversibly damaged brain tissue.

Microcatheter access to the distal aspect of the clot is usu-
ally performed during the procedures either to perform an an-
giogram of the distal branches6 or to deploy retrieving devices.7
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Fig 1. The site of pre- and post-occlusion blood sampling. MCA =
middle cerebral artery. ICA = internal carotid artery.

Prior studies have shown that it is possible to get beyond the oc-
cluding clot and evaluate the distal segment of this.8 Accessing
the arterial lumen beyond the occlusion brings the opportunity
to draw blood samples directly from the ischemic core. The
analysis of this blood may offer intra-procedural information
about several parameters and biomarkers that could be used
to determine the status of the brain at risk and decide whether
to continue or stop the procedure. We performed a pilot study
consistent with an immediate arterial blood gas (ABG) analysis
of blood samples simultaneously obtained in the arterial seg-
ments before and beyond the occluding clot during endovascu-
lar procedures and correlated the results with different outcome
parameters.

Methods
Consecutive patients with acute stroke, in anterior circulation
stroke syndromes within 8 hours of the time of onset, with
angiographically proven distal internal carotid artery (ICA) or
proximal middle cerebral artery (MCA) occlusions undergo-
ing endovascular procedures, were studied. At patient arrival
to the emergency department a complete evaluation was done
by the neurologist on call, including a ultrasound evaluation
(transcranial Doppler [TCD]).9 Early ischemic signs on cranial
computed tomography (CT) scan were quantified by the Al-
berta stroke program early CT score (ASPECTS).10 Eligible
patients were treated with intravenous tissue plasminogen ac-
tivator (tPA) before intra-arterial (IA) procedure. Patients with
a persistent arterial occlusion at the end of intravenous (IV)-
tPA infusion or with contraindications to receive IV-tPA were
treated with endovascular procedures. When clinical status al-
lowed, a conscious sedation protocol avoiding intubation was
preferred. Heparin was administered following femoral artery
puncture as a 2000-3000 units IV bolus. Only patients with an-
giographically documented terminal internal carotid artery or
middle cerebral artery occlusion were included in the study.
Typically, once the arterial occlusion was angiographically

Table 1. Measurements Obtained in the Pre- and Post-Occlusion
Samples

Pre-occlusion Post-occlusion P value

PH 7.38 ± .07 7.38 ± .7 .386
CO2 partial pressure 37.6 ± 10.2 38.6 ± 7.8 .413
pO2 partial pressure 78.9 ± 16.3 73.9 ± 14.9 .007
HCO3− 22.2 ± 3.5 22.1 ± 3.2 .798
O2 saturation 94.3 ± 3.9 93.2 ± 4.4 .003
Na+ 137.6 ± 3.9 136.5 ± 6.2 .363
K+ 3.6813 ± .7 3.78 ± .6 .465
Ca++ 3.9 ± .5 4.1 ± .4 .285
Cl− 106.6 ± 4.1 103.8 ± 4.6 .068
Anion gap 12.5 ± 2.7 19.8 ± 21.8 .198
Glucose (mg/dL) 136.4 ± 29.2 137.2 ± 33 .836

Bold denote statistical significance.

confirmed, a 2.9/2.7-French tapered microcatheter (Progreat;
Terumo, Spain) was advanced through the guiding catheter
to the proximal aspect of the clot. Then attempts to cross the
thrombus with the microcatheter were made. Once the inter-
ventionalist considered that the tip of the microcatheter was in
the arterial lumen ahead of the occluding clot, 1 mL of blood
(post-occlusion sample: PostOcc) was drawn through the micro-
catheter with a 2.5 mL syringe. Then a microcatheter contrast
injection was performed to verify the position of the micro-
catheter tip and the patency of the distal arterial branches. At
this point another 1 mL blood sample from the internal carotid
artery was obtained from the guiding catheter (pre-occlusion
sample: PreOcc) (Fig 1). Both blood samples were tagged and
an immediate ABG analysis was performed (Rapidpoint 400
blood gas analyzer; Bayer, Leverkusen, Germany); the mea-
sured parameters are shown in Table 1. When blood did not
reflow from the microcatheter the interventionalist could ad-
vance and reposition the tip of the catheter or exclude the
patient from the study.

Independently of the obtained blood gas results interven-
tionalists tried to achieve recanalization with repeated local
3–5 mg tPA injections (to a maximum of 20 mg), mechanical
clot disruption with the guidewire and/or the Merci, Solitaire,
or Trevo retrievers according to their preferences and patient
characteristics. The predefined protocol, approved by the lo-
cal ethics committee, indicates procedure termination when
recanalization is achieved or at 6 hours from symptoms onset.
Timing of all procedural steps was recorded. Recanalization
was assessed with the Thrombolysis in Myocardial Infarction
(TIMI) grading score11 at the end of the procedure. For anal-
ysis purposes we considered successful recanalization a TIMI
score ≥ 2 (eg, TIMI 2 Perfusion with incomplete or slow dis-
tal branch filling TIMI 3 Full perfusion with filling of all distal
branches, including the MCA arterial segments M3,412).

Neurological status was assessed by a certified neurologist
on patient’s arrival, at 24 hours and at 7 days or discharge using
the National Institutes of Health Stroke Scale13 (NIHSS). We
defined clinical improvement as NIHSS decrease ≥4 points at
discharge or at 7 day.

A 24-hour CT scan determined the presence of hemor-
rhage, and infarct volume was measured using the ABC/2
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Table 2. Patients Characteristics at Baseline

All patients Post-Occ PaO2 > 70 Post-Occ PaO2 < 70
n = 16 n = 11 n = 5 P

Age 77.8 ± 7.6 77.5 ± 8.8 78.6 ± 4.6 .81
Gender (female) 7 (43.7%) 7 (63.6%) 0 .07
Hypertension 11(68.75) 8(72.2%) 3 (60%) .51
Diabetes mellitus 0 0 0
Baseline-NIHSS (median-IQR) 19.5(6) 20(3) 16(5)
Glucose (mg/dL) 102.7 ± 39.2 103.6 ± 42.4 99 ± 31.1 .89
Systolic BP (mmHg) 142.5 ± 26.6 136.6 ± 22.2 162.4 ± 35.5 .15
Diastolic BP (mmHg) 73.9 ± 11.1 73 ± 10.9 77 ± 13.7 .61
Occluded vessel (ICA/MCA) 3/13 2/10 1/3 .41
Good pial collateral (score 1-2) 6/11∗ 3/6 3/5 0,32
ASPECTS score 10(1) 10(1.5) 10(.5) .60
Time to blood sample (minutes) 233.8 ± 92.3 225.2 ± 107.2 257.5 ± 20.6 .57

NIHSS = National Institutes of Health Stroke Scale; BP = b Blood pressure; ICA = internal carotid artery; IQR = interquartile range; MCA = middle cerebral artery;
ASPECTS = Alberta Stroke Program early CT Score.
∗Total patient’s with pial collateral measure.

formula.14,15 Symptomatic hemorrhage was defined as CT doc-
ument hemorrhage that was temporally related to deterioration
in the patient’s clinical condition in the judgment of the clini-
cal investigator.16 Modified Rankin scale17 was used to assess
clinical outcome at 90 days. We defined clinical good outcome
as mRS between 0 and 2. The baseline clinical characteristics
were collected prospectively.

Statistical Analysis

Descriptive and frequency statistical analyses were obtained
and comparisons were made using the SPSS 15.0 statistical
package (SPSS, Inc., Chicago, IL). Statistical significance for
intergroup differences was assessed by the Pearson χ2 or the
Fisher exact test for categorical variables, and the Student’s t test
and ANOVA for continuous variables. To assess differences in
blood gas between pre- and post-occlusion samples a paired-
samples t test was performed.

Pearson correlation coefficient was used to determine cor-
relations between blood gases and other continuous variables.
When indicated, Mann-Whitney U and Spearman tests were
used. To calculate the sensitivity and specificity of biomarkers
to predict clinical improvement, a receiver-operator character-
istic (ROC) curve was configured. A logistic regression analysis
was performed to determine factors that could be considered
independent predictors of favorable outcome. P < .05 was con-
sidered statistically significant.

Results
A total of 16 patients were included in this pilot study, mean
age 78.5 ± 7 .5 years, median NIHSS 20 (interquartile range IR:
16-21). Six (37.5%) patients received IV-tPA treatment before
endovascular procedure. The median pre-IA procedure AS-
PECTS score was 10 (IR: 9-10). Other baseline parameters are
shown in Table 2. The mean time from symptom onset to groin
puncture was 209 ± 135 minutes. On the initial angiogram 12
(75%) patients had a middle cerebral artery occlusion and 4
(25%) a terminal internal carotid artery occlusion. The mean
time from symptom onset to blood sampling was 233 ± 92
minutes. Recanalization was achieved in 11 patients (68.9%:

TIMI 2a 18.8%, TIMI 2b 18.8%, TIMI3 31.3%), and mean
time to recanalization was 322 ± 169 minutes. The mean in-
farct volume on the 24 hours follow-up CT scan was 164 ± 169
cc; 1 patient (6.3%) had a symptomatic hemorrhagic transfor-
mation. At discharge/7 days the median NIHSS was 16 (IR:
4-30), and 9 patients (56.3%) presented a clinical improvement.
At three months median mRS was 4 (IR: 1-6) and 31.2% had
mRS ≤ 1.

The ABG analysis showed differences between PreOcc and
PostOcc blood samples in mean oxygen partial pressure (Pre-
PaO2 78.9 ± 16 .3 vs Post-PaO2 73.9 ± 14 .9; P < .001) and
mean oxygen saturation (Pre-Sat O2 9 4.3 ± 3 .9% vs Post-Sat
O2 93.2 ± 4 .4%; P < .001). The other measured parameters
did not show statistically significant differences between PreOcc
and PostOcc samples (Table 1).

Neither Post-PaO2 (r =− .16; P = .68) nor Post-SatO2
(r =− .08; P = .75) were correlated with the elapsed time from
symptom onset to blood sampling. The ASPECT score on the
pre-procedure CT-scan was correlated neither to Post-PaO2
(r =− .1; P = .73) nor to Post-Sat O2 (r =− .09; P = .75). Con-
versely, the final infarct volume was correlated with Post-PaO2
(r =− .62, P = .019) and Post-SatO2 (r =− .69, P = .006) but
not with time to recanalization (r =− 1.17; P = .61).

We did not find a correlation between the presence of Good
Pial Collateral and the Post-PaO2 (P = .97).

Patients who presented a neurological improvement had a
higher Post-PaO2 (81 ± 11 .4 vs 64.8 ± 14 .4 mmHg; P =
.025) and a higher Post-SatO2 (95.5% vs 90.2%; P = .01).
A receiver operating characteristic curve determined the cut
points: Post-PaO2 > 70 mmHg and Post-Sat O2 > 92% that
better predicted further clinical improvement (100% sensitiv-
ity, 71% specificity). Patients with Post-PaO2 > 70 mmHg or
Post-SatO2 > 92% had higher chances of clinical improve-
ment (81.8% vs 0%; P = .002), lower infarct volumes (66cc vs
340.5; P = .003) and lower disability at 3 months (median mRS
3 vs 6; P = .024) (Fig 2). Among patients with Post-PaO2 >

70 mmHg, if recanalization was achieved, 87.5% achieved
a clinical improvement. The patient who presented a symp-
tomatic intracranial hemorrhagic (SICH) presented a Post-
PaO2 of 54.6 mmHg and a Post-SatO2 of 88.9%.
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Fig 2. Differences in different outcomes according to post-occlusion oxygen partial pressure. NIHSS = National Institutes of Health Stroke
Scale. ∗P < .05.

Among all baseline variables only Post-PaO2 > 70 (P < .01),
Post-Sat92 > 92 (P < .01), and the presence of an MCA occlu-
sion (as compared to terminal ICA; P = .01) were associated
with clinical improvement. In the logistic regression model af-
ter adjusting by age and admission NIHSS, Post-PaO2 > 70
emerged as the only independent predictor of clinical improve-
ment (OR: 5.21 95% CI:1.38-67.24; P = .013).

No complication related blood sampling was observed.

Discussion
Our study shows that microcatheter-driven analysis of blood
samples obtained beyond the arterial occlusion during en-
dovascular recanalization procedures in acute stroke patients
is safe and feasible. Moreover, the immediate gasometric anal-
ysis shows significant differences in oxygen-related parameters
between pre- and post-occlusion blood samples. The identifica-
tion of this gradient in blood oxygen supports the theory that
the obtained measures reflect the degree of hypoperfusion or
misery perfusion beyond the occluding clot.

The expected correlations between “post-occlusion oxy-
genation status” and the total time of ischemia or the collateral
flow state could not be confirmed in this study. A possible expla-
nation would be that collateral circulation was not consistently
studied in all patients and also the differences in tolerance or
metabolism in ischemic conditions between patients.

To date, the best noninvasive method to map and quantify
the oxygen extraction fraction (OEF) in the ischemic brain tis-
sue has been positron emission tomography (PET), which is not
readily accessible in clinical routine. PET studies have shown
that within the penumbra the OEF increases from about 40%

under normal conditions to about 90% during hypoperfusion.
However, during brain ischemia, the OEF measured by PET
did not prove to be a reliable predictor of tissue viability.18 The
ABG analysis of blood samples obtained in the ischemic area
represents in fact an invasive method to determine oxygen-
related parameters at the lesion site. In our study, a high oxy-
gen concentration determined as a partial oxygen pressure >

70 mmHg emerged as a powerful predictor of further in-hospital
clinical improvement, being also associated with a smaller final
infarct volume, clinical improvement, and a significant lower
NIHSS at discharge.

If these results are confirmed this method could help the
treating physicians in taking decisions in the angio-suite during
intra-arterial treatments. In the acute management of stroke sev-
eral approaches have been studied to determine the presence
of savable ischemic brain tissue in order to select the best can-
didates to receive revascularization treatments. Particularly CT
or MRI multiparametric neuroimaging are being widely used
for this purpose.19,20 However once the decision to perform an
endovascular procedure is made if recanalization is not rapidly
achieved the interventionalists have little data about whether
it is safe and effective to pursue the recanalization efforts. This
lack of information may lead to a too early procedure termina-
tion before recanalization is achieved avoiding clinical recovery
in some cases or to futile efforts challenging the patient’s safety
and unnecessarily increasing the costs in others. Previous stud-
ies have pointed the detection of a good angiographic collateral
flow as a possible marker of good outcome.21,22 Scales quantify-
ing this collateral flow have been created,22,23 however their use
as decision making tools still needs to be validated. Our study
shows a novel approach to determine the degree of ischemia

Flores et al: ABG in Blood Samples Beyond the Occlusion 183



in the brain at risk during the intra-arterial procedure. The
feasibility of accessing with the microcatheter the arterial seg-
ment beyond the occlusion to inject either contrast agents6 or
oxygenated blood24 has been previously described. Our study
demonstrates now that once the microcatheter reaches the distal
aspect of the clot it can also be used to obtain blood samples that
can be analyzed in a few minutes offering valuable information.

Our study confirms the possibility to obtain and investigate
blood biomarkers beyond the arterial occlusion. We chose to
measure ABG parameters because determination can be imme-
diately done. However, this novel approach opens the door to
future investigations of different biomarkers that can be mea-
sured in these blood samples directly obtained at the core of the
ischemic tissue. In the future, a combination of angiographic
and biochemical parameters may be extremely useful in de-
cision making in the angio-suite especially when considering
expanding the therapeutic window.

A postOcc blood sample could not be obtained in all the
patients. This could be due to the clot burden, composition, or
extent in some cases or to excessive vessel tortuosity in other
cases.

Conclusion
Direct local blood sampling from ischemic brain is feasible dur-
ing endovascular procedures in acute stroke patients. A gradient
in oxygenation parameters was demonstrated between pre- and
post-occlusion blood samples. ABG information may be used
to predict clinical outcome and help in decision making in the
angio-suite.
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