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Abstract

Objectives CTP images analyzed with the Alberta stroke pro-
gram early CT scale (ASPECTS) have been shown to be op-
timal predictors of clinical outcome. In this study we com-
pared two biomarkers, the cerebral blood volume (CBV)-
ASPECTS and the CTA-ASPECTS as predictors of clinical
outcome after thrombectomy.

Methods Stroke patients with thrombosis of the M1 segment
of the middle cerebral artery were included in our study. All
patients underwent initial multimodal CT with CTP and CTA
on a modern CT scanner. Treatment consisted of full dose
intravenous tissue plasminogen activator, when applicable,
and mechanical thrombectomy. Three neuroradiologists sepa-
rately scored CTP and CTA images with the ASPECTS score.
Results Sixty-five patients were included. Median baseline
CBV-ASPECTS and CTA-ASPECTS for patients with
favourable clinical outcome at follow-up were 8 [interquartile
range (IQR) 8-9 and 7-9 respectively]. Patients with poor clin-
ical outcome showed a median baseline CBV-ASPECTS of 6
(IQR 5-8, P<0.0001) and a median baseline CTA-ASPECTS
of 7 (IQR 7-8, P=0.18). Using CBV-ASPECTS and CTA-
ASPECTS raters predicted futile reperfusions in 96 % and
56 % of the cases, respectively.

Conclusions CBV-ASPECTS is a significant predictor of
clinical outcome in patients with acute ischemic stroke treated
with mechanical thrombectomy.
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Key Points

* CBV-ASPECTS is a significant predictor of clinical outcome.

* Single phase CTA-ASPECTS has low predictive value.

* Using CBV-ASPECTS, raters identified futile reperfusions in
96 % of the cases.

Keywords Neuroimaging - X-ray computed - Stroke -
Thrombectomy - Patient selection

Abbreviations

ASPECTS  Alberta stroke program early CT score

CBF Cerebral blood flow

CBV Cerebral blood volume

GSS Goettinger stroke scale

ICC Interclass correlation coefficient

IQR Interquartile range

IV rtPA Intravenous recombinant tissue plasminogen
activator

MCA Middle cerebral artery

mTICI Modified thrombolysis in cerebral infarction

MTT Mean transit time

mRS Modified Rankin scale

NIHSS National Institutes of Health stroke scale

NCCT noncontrast computed tomography

NPV Negative predictive value

PPV Positive predictive value

TTD Time to drain

Introduction

Patient selection is essential for the improvement of clinical
outcome in treating stroke patients with mechanical
thrombectomy [1, 2]. Until publication of the latest
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randomized trials, studies had shown the feasibility of me-
chanical thrombectomy in restoring perfusion distal to the
initial occlusion site, but had failed to report a substantial
increase in favourable clinical outcome [3, 4]. Even in the
latest randomized trial, which proved the superiority of com-
bined mechanical thrombectomy and intravenous thromboly-
sis versus intravenous thrombolysis alone, functional indepen-
dence was observed in only 32.6 % of treated patients after
90 days [5]. In a recent study, it was suggested that cerebral
blood volume (CBV) maps, evaluated with the Alberta stroke
program early CT score (ASPECTS), are strong predictors of
outcome [6]. Hence, selection of patients based on CTP can
reduce futile reperfusions. In this study we compared the
CBV-ASPECTS with the CTA-ASPECTS as final outcome
predictors in a highly select group of stroke patients treated
with mechanical thrombectomy. We additionally introduced a
novel scoring system combining neurological and CTP-
findings as well as age to further improve the selection
process.

Materials and methods

Patients were retrospectively identified from our university
hospital’s institutional review board-approved stroke database
according to the following inclusion criteria:

1. Acquisition of a complete multi-modal CT examination
between January of 2011 and December of 2014 includ-
ing noncontrast computed tomography (NCCT) of the
head, near whole-brain CTP, and single phase CTA of
the head and neck.

2. Presence of M1 occlusion on initial angiogram, as defined
by modified thrombolysis in cerebral infarction score
(mTICI) of 0 or 1, a scale used to grade reperfusion of
distal tissue bed [7]. Carotid bifurcation occlusions were
excluded from our study.

3. Successful reperfusion of the middle cerebral artery as
defined by mTICI 2b or 3 on the final angiogram after
mechanical thrombectomy.

Exclusion criteria were incomplete CTP datasets in our
department’s picture archiving system, datasets with severe
motion artefacts, patient age <21 years and reperfusion of
the middle cerebral artery on initial angiograms.

Stroke imaging was acquired with a 128-slice multide-
tector CT scanner (Siemens Definition AS+; Siemens
Healthcare Sector, Forchheim, Germany) and included a
NCCT, followed by near whole-brain CTP and single
phase CTA of extra- and intracranial arteries. CTP
consisted of 30 consecutive spiral scans of the brain
(96 mm z-axis coverage, 2 s delay after start of contrast
agent injection, 45 s total acquisition time, 80 kV,
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200mAs and effective dose of ~5 mSv). Thirty-six mL
of contrast agent were injected with a rate of 6 mL/s
through a cubital vein, followed by 30 mL of saline chas-
er. CTP data were reconstructed with a slice thickness of
5 mm every 3 mm (H20f Kernel, 512 matrix) and were
further processed by a neuroradiologist using a commercial
analysis package (Volume Perfusion CT Neuro; Siemens)
with a delay-invariant deconvolution method, automatic
motion correction and a dedicated noise reduction tech-
nique for dynamic data. For CTA (120 kV, 120 reference
mAs, 0.3 s rotation time, 0.6 pitch, 2% 64x0.6 mm colli-
mation, ~3 mSv) 45 mL of contrast agent were injected,
followed by 30 mL of saline chaser. CTA was acquired
with a single phase protocol using bolus triggering in the
aortic arch (100 HU threshold; 5 s delay for bolus watch,
3 s delay after reaching threshold). CTA data were then
reconstructed to multiplanar images with a section width
of 5 mm and increment of 3 mm.

According to protocol, patients presenting within
4.5 hours of symptom onset with no significant infarction
or haemorrhage detected on NCCT were eligible for intra-
venous recombinant tissue plasminogen activator (IV
rtPA). IV rtPA (0.9 mg/kg over 60 min) was then admin-
istered directly after noncontrast CT. Following stroke im-
aging, patients were transferred to the angiography suite
(Artis Zee, Siemens Healthcare, Forchheim, Germany)
where they underwent mechanical thrombectomy either
with a Penumbra MAX™ reperfusion catheter
(Penumbra, Alameda, California) or with a combination
of aspiration with reperfusion catheters and retrievable
stents (Aperio, Acandis, Pforzheim, Germany; Trevo,
Stryker, Mountain View, California; 3D Separator,
Penumbra). In cases of rapid transport to angiography
and fast mechanical thrombectomy the remaining rtPA
was administred intraarterially either before or after recan-
alization at the discretion of the interventional neuroradi-
ologist. Appropriate anaesthesia (intravenous conscious se-
dation or general anaesthesia) was obtained as per stan-
dard practice.

All data used in this study (demographic data, vascular
risk factors, mTICI scores, various times, and neurological
scores) were extracted from the aforementioned database.
Neurological scores (National Institutes of Health Stroke
Scale (NIHSS), modified Rankin scale (mRS), etc.) were
assessed by a certified stroke neurologist at hospital admis-
sion, hospital discharge, and discharge from the rehabilita-
tion unit. Interventional and stroke imaging scores were
assigned in consensus by three neuroradiologists (two with
more than 5 years of experience). The neuroradiologists
separately rated NCCT, CTP, and CTA scans with the
ASPECTS, a 10-point scoring system of the middle cere-
bral artery (MCA) territory. For every MCA region with
acute ischemic signs, 1 point is subtracted from 10,
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resulting in an ASPECTS of 10 for a scan without ischemic
lesions and an ASPECTS of 0 for complete MCA-
infarctions (www.aspectsinstroke.com, Fig. 1).

We also calculated a new score, the Goettinger stroke scale
(GSS) according to the following formula: CBV-ASPECTS —
(NIHSS/4 + age/20).

The introduction of this novel score was based on the ob-
servation that each of the parameters admission NIHSS, age,
and CBV-ASPECTS already predicted outcome fairly well on
its own. A combination of all three should have the potential
to further improve predictability.

Scans of every patient were divided into two groups, which
were rated with a 90-day gap in between: At first NCCT scans
were rated simultaneously with CTA images; the second
group consisted of coloured CTP parameter maps including
cerebral blood flow (CBF), CBV, mean transit time (MTT),
and time to drain (TTD) maps. The latter is a very sensitive
parameter depicting the total extent of perfusion lesions [8].
Additionally, raters were retrospectively asked to predict futile
reperfusions based either on NCCT, CTA or on CTP images.
NCCT/CTA-ASPECTS, or CBV-ASPECTS lower than 7 was
the primary criterion for futile reperfusions in the groups.
Cases of disagreement were settled by consensus. Raters were
blinded to all clinical outcomes.

Study parameters were compared between patients with
follow-up mRS >2 (poor outcome) and with follow-up mRS
<2 (favorable outcome). In cases with missing follow-up mRS
values, discharge mRS was used instead [9]. Continuous pa-
rameters were compared either with the Welch t test, in cases
of normal distribution, or with the Mann-Whitney U test, in
case of non-normal or ordinal distribution. Categorical vari-
ables were compared between the two groups by the Fischer

Fig. 1 NCCT images depicting
the ASPECTS score. One point is
subtracted from ten for any signs
of early ischemia in the defined
regions. ASPECTS is scored in
two regions of the MCA territory,
the basal ganglia level and the
supraganglionic level

exact test. Additionally, we calculated the probability of good
outcome at follow-up by stepwise logistic regression using all
variables that were significantly different between groups in
the univariate analysis. Selected variables were further exam-
ined by receiver operating characteristic analysis.
Interobserver agreement was calculated with the interclass
correlation coefficient (ICC). Analyses were performed with
the MedCalc statistical package (MedCalc, Mariakerke,
Belgium). The significance level for all tests was set to
a=0.05.

Results

Of the 72 patients identified, seven were excluded because of
incomplete imaging data sets. Sixty-five patients were includ-
ed for analysis (26 women; median age 72 years; interquartile
range (IQR) 68-76). Median NIHSS at admission was 17
(IQR, 12-21) and median mRS at admission was 5 (IQR, 4-
5). All patients had successful reperfusion on final angiograms
(mTICI2b or 3). In the majority of cases (56 %) mechanical
thrombectomy was combined with IV and IA rtPA therapy; [V
rtPA and mechanical thrombectomy was combined in 26 %,
with sole mechanical thrombectomy accounting for 18 % of
cases. At discharge, NIHSS was reduced to a median of 7
(IQR, 4-12) and mRS to a median of 4 (IQR, 2-5). The median
follow-up mRS was 3 (IQR, 2-4). Overall, 40 % of our pa-
tients had a favourable outcome at follow-up.

Of the analyzed medical comorbidities, only diabetes
mellitus (P=0.013) and obesity (P=0.04) were significantly
different between patients with favourable and poor outcome
(Table 1). Regarding imaging variables, the CBV-ASPECTS
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Table 1  Baseline characteristics, treatment times, and clinical outcome between patients with favorable and poor outcome at follow-up
Total (n=65) Follow-up mRS <2 Follow-up mRS >2 P
(n=26) (n=39)

Age, median (IQR), y 72 (68-76) 71.5(59-75) 73 (69-78) 0.11

Admission NIHSS, median (IQR) 17 (12-21) 14 (10-17) 18 (15-24) 0.0003*

Admission mRS, median (IQR) 5 (4-5) 4 (4-5) 5(5-5) <0.0001*

Medical comorbidities
Hyperlipidemia 42 (65 %) 17 (65 %) 25 (64 %) 1
Hypertension 57 (88 %) 21 (81 %) 36 (92 %) 0.25
Diabetes mellitus 19 (30 %) 3 (12 %) 16 (41 %) 0.013*
Smoking 18 (30 %) 7 (30 %) 11 (30 %) 1
PAD 2 (3 %) 1(4 %) 13 %) 1
Obesity 33 (55 %) 9 (38 %) 24 (67 %) 0.04*

Imaging scores, median (IQR)
CT ASPECTS 9 (8-9) 9(9-9) 8 (7-9) 0.03*
CTA ASPECTS 7 (7-8) 8(7-9) 7 (7-8) 0.18
CBV ASPECTS 8 (6-8) 8 (8-9) 6 (5-8) 0.0001*
CBF ASPECTS 4 (3-5) 4 (4-5) 4 (3-5) 0.27
TTD ASPECTS 2 (1-3) 2.5(1-3) 2 (1-3) 0.53
MTT ASPECTS 3 (1.75-3) 3(2-3) 3(1-3) 0.62
A(CBV-CBF) ASPECTS 3 (1-4) 4 (3-5) 3(1-3) 0.0014*
A(CBV-TTD) ASPECTS 5 (4-6) 6 (5-7) 4 (3-6) 0.0012*
A(CBV-MTT) ASPECTS 4 (3-6) 5.5 (4-6) 4 (3-5) 0.0008*
GSS -0.05 (-2.6-1.65) 1.6 (0.25-2.4) -1.5(-3.6 - -0.01) <0.0001*
Onset to mTICI2b, median (IQR) 254 (222-317) 237 (205-306) 261 (235-319) 0.16
Groin to mTICI2b, median (IQR) 51 (35-70) 49 (35-77) 51 (33-69) 0.91
Discharge NIHSS, median (IQR) 7 (4-15) 3 (1-5) 13 (9-20) <0.0001*
Discharge mRS, median (IQR) 4 (2-5) 1.5(1-2) 5 (4-5) <0.0001*
Follow-up mRS, median (IQR) 324 1(1-2) 4 (4-5) <0.0001*

mRS, modified Rankin score; IQR, interquartile range; NIHSS, National Institutes of Health stroke scale; PAD, peripheral artery disease; ASPECTS,
Alberta stroke program early CT scale; CTA, CT angiography; CBYV, cerebral blood volume; CBF, cerebral blood flow; TTD, time to drain; MTT, mean
transit time; GSS, Goettinger stroke scale; TICI, thrombolysis in cerebral infarction

*P value significant

and the various mismatch scores achieved high significance
levels with P=0.0014 and P<0.01, respectively (Table 1).
NCCT-ASPECTS and GSS values were also significantly dif-
ferent between the two groups with P=0.03 and P<0.0001,
respectively. Patients with favourable outcome had a baseline
CTA-ASPECTS of 8 (IQR, 7-9), while patients with poor
follow-up outcome had a baseline CTA-ASPECTS of 7
(IQR, 7-8; P=0.18). There was no significant difference in
time from symptom onset or groin puncture to successful re-
perfusion between the two groups (P=0.16 and P=0.91).
When asked to predict futile reperfusions based on NCCT
and CTA images, raters were able to recognize 56 % of the
patients with poor outcome. The percentage was significantly
higher when raters based their decisions on CTP images, as
they were able to recognize poor outcomes in 96 % of the
cases (Table 2). CBV-ASPECTS based decisions were also
better for the prediction of favourable outcome, as raters
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recognized 61 % of patients with favourable outcome as op-
posed to 39 % of the cases with CTA-ASPECTS based deci-
sions. Receiver operating characteristic analysis showed sim-
ilar results. Sensitivity, specificity, positive predictive and neg-
ative predictive values (PPV, NPV) for NCCT-ASPECTS <7
were 8 %, 100 %, 100 %, and 42 %. For CTA-ASPECTS <7
sensitivity, specificity, PPV and NPV were 23 %, 77 %, 60 %,
and 40 %. CBV-ASPECTS showed an optimal criterion value
of <7 with a sensitivity of 49 %, specificity of 96 %, PPV of
95 %, and NPV of 56 % (Fig. 2).

In the stepwise logistic regression analysis, only admission
NIHSS (P=0.04; odds ratio 1.14; 95 % confidence interval
[CI] 1.00 to 1.31) and CBV-ASPECTS (P=0.006; odds ratio
0.45; 95 % C10.26 to 0.79) were significant contributors to the
prediction of outcome. Agreement between the three raters
was very good with ICC values of 0.92 for CBV-ASPECTS
(95 % CI, 0.89-0.95), 0.9 for CBF-ASPECTS (95 % CI, 0.85-
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Table 2  Retrospective prediction of outcome based on baseline NCCT-ASPECTS, CTA-ASPECTS, or CBV-ASPECTS

Raters’ opinion Follow-up mRS Follow-up mRS Fisher’s exact
Ln=26 >2n=39 test P value
Decision based on NCCT-ASPECTS Futile reperfusion 0 % 100 % 0.07
Useful reperfusion 43 % 57 %
Decision based on CTA-ASPECTS Futile reperfusion 44 % 56 % 0.77
Useful reperfusion 39 % 61 %
Decision based on CBV-ASPECTS Futile reperfusion 4 % 96 % <0.0001
Useful reperfusion 61 % 39 %

NCCT, noncontrast CT; CTA, CT angiography; ASPECTS, Alberta stroke program early CT scale; CBYV, cerebral blood volume; mRS, modified

Rankin score

0.93), 0.7 for NCCT-ASPECTS (95 % CI, 0.59-0.79), 0.88 for
CTA-ASPECTS (95 % CI, 0.82-0.92), 0.71 for MTT-
ASPECTS (95 % CI, 0.6-0.8) and 0.85 for TTD-ASPECTS
(95 % CI, 0.78-0.9).

Discussion

Our results support previously published studies supporting
the use of CBV-ASPECTS as a biomarker in acute ischemic
stroke treatment [10, 11]. CBV-ASPECTS was significantly
different in the univariate analysis and a significant predictor
of outcome in the logistic regression model with P =0.006 and
an odds ratio of 0.45. When using CBV-ASPECTS, raters
were able to identify futile reperfusions in 96 % of the cases.
The other significant predictor of outcome was the admission
NIHSS. Our results disagree with previous publications show-
ing that CTA-ASPECTS, acquired with a modern fast CT

100
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Fig. 2 Comparison of receiver operating characteristic analyses of
NCCT-/CTA-/ and CBV-ASPECTS

scanner, is a significant predictor of outcome (Fig. 3) [12]. It
is worth mentioning that CTA images in the publication by
Lum et al. were extracted out of a CTP dataset, using a
predefined point on the contrast-time curve. In our study we
used a single phase acquisition protocol for CTA with a bolus-
adapted delay, which is a widely used protocol for the detec-
tion of large vessel occlusion. Studies with older, slower scan-
ners have shown no significant difference in volume lesion
between CTA and CBV images [13]. With the introduction
of fast multisection scanners there have been reports that CTA
images are CBF- rather than CBV-weighted, thus
overestimating infarct core [14]. Our results support these
findings, as CTA-ASPECTS was not significantly different
between patients with favourable and poor outcomes and
was not a significant predictor of outcome in the logistic re-
gression model. When asked to retrospectively predict futile
reperfusions based on CTA images, raters were successful in
56 % of the cases.

Five randomized trials published in the last months have
shown the superiority of endovascular treatment compared to
IV lysis alone in the treatment of stroke patients with large
vessel occlusions [5, 15-18] .The rate of favourable 90-day
outcome after endovascular treatment varied from 33 % (MR-
CLEAN) to 71 % (EXTEND-IA). The trial with the lowest
percentage of favourable outcomes had the widest inclusion
criteria and did not require demonstration of a small core on
imaging, while the trial with the highest percentage used CTP
to select patients. The great difference in favourable outcome
percentages emphasizes the importance of proper imaging for
patient selection and reduction of futile reperfusions. Using
CBV-ASPECTS as a selection criterion has led to a significant
increase in favourable outcomes in our department the last two
years, with 34 % of favourable outcomes between 2007 and
2010 compared to 60 % of good outcomes from 2012 to 2014
[3]. We increased the median CBV-ASCPECTS by 2 points
during this time frame with a median of 6 in 2007-2010 and a
median of 8 in 2012-2014 [6]. After publication of the afore-
mentioned trials in 2015 we stopped using CBV-ASPECTS as
a selection criterion for thrombectomy treatment within the
first 6 hours after symptom onset. However, we still use a
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Fig. 3 Images of a 75-year-old woman presenting with an admission
NIHSS of 16 and admission mRS of 5. NCCT scan (a, b) shows initial
signs of cerebral ischemia in the right insular cortex and was scored with
an NCCT-ASPECTS of 9. CTA images (C, D) depict hypodense regions
of the right caudate and lentiform nuclei, insular ribbon and frontal
operculum resulting in a CTA-ASPECTS of 6. CBV images (E, F) show

CBV-ASPECTS >6 to select patients for mechanical
thrombectomy in the 6 to 12 hour window after stroke symp-
tom onset or in case of wake-up stroke.

The main argument against a tight selection strategy in
treating acute stroke patients with large artery occlusions is
the reduction of the number of patients treated with the most
effective therapy. Untreated patients may still have profited
from treatment, but at a lower percentage than those with a
positive imaging profile. Around 30 % of patients with large
vessel occlusions that would have probably been randomized
in the NCCT-based trials were not included in EXTEND-IA
based on imaging characteristics. This fact reduces the value
of high percentage of favourable outcomes in a tight selection
environment, as the absolute number of patients with
favourable outcomes is probably the same as in the MR-
CLEAN paradigm. The relevant difference, as shown by the
shift analysis in MR-CLEAN, is the consistent shift towards
better outcomes in favour of the intervention for all categories
of the mRS.

In our study, the only patient with CBV-ASPECTS <7 and
favourable outcome after successful reperfusion was a young
patient (27y) with a moderate admission NIHSS score (10).
This finding led us to the description of the GSS, a score
combining admission NIHSS and CBV-ASPECTS, as strong
predictors of outcome, together with age. The GSS was sta-
tistically different (P<0.0001) between patients with
favourable and poor clinical outcome with a median of 1.6
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reduction of the cerebral blood volume on the right insular ribbon and
were scored with a CBV-ASPECTS of 9. After swift and successful
mechanical thrombectomy of the M1 occlusion (groin to TICI2b time
of 45 minutes) patient showed significant improvement of her clinical
symptoms and was discharged with and mRS of 1

(IQR 0.25-2.4) and -1.5 (IQR -3.6- -0.01), respectively.
Although initial results are promising, the predictive or com-
plementary value of this score has to be validated in further
studies. Other authors have proposed the combination of mul-
tiple diagnostic parameters in a new score for the prediction of
futile recanalizations [19]. However, as CTA collaterals and
CT perfusion imaging potentially depict the same biological
feature about ischemic tissue sustenance [20], we are not sure
about the feasibility of the score proposed by Espinosa de
Rueda et al. Physicians should also be aware of the potential
risk of CT collateral scoring on single-phase CTA, as single-
phase acquisitions are dependent on bolus timing and can
underestimate collateral state. This risk can be eliminated with
use of multiphase CTA [21].

The primary limitation of our study is the retrospective
character of our analysis and the highly select group of pa-
tients. Only patients with successful reperfusion were includ-
ed in our study. Data were extracted from a prospectively
collected database and consecutive patients were included in
our analysis, but CTP images were used in treatment decisions
between September 2012 and December 2014. Noncontrast
CT was the primary imaging selection criterion before
September 2012. This imaging selection praxis probably ex-
plains the fact that time (either onset to recanalization or groin
to recanalization) was not a significant predictor of outcome in
our study. Our results may only apply to CTP data acquired
and reconstructed with the specific protocols and software
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stated in methods, as other authors have found significant
differences between various vendors [22]. Furthermore, al-
though studies have presented better predictive value of com-
bined CTP and CTA we did not analyze a combined
ASPECTS score of these variables [23].

Our study suggests that CBV-ASPECTS is a significant
predictor of clinical outcome in patients with acute ischemic
stroke treated with mechanical thrombectomy. We discourage
the use of single phase CTA-ASPECTS, acquired with a mod-
ern fast multisection CT scanner, as an imaging biomarker
because of its low predictive value. Obviously, our results
do not apply to CTA images extracted out of a CTP scan or
to a multiphase CTA protocol.
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