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Abstract

The Alberta Stroke Program Early CT Score (ASPECTS) is a useful scoring system for assessing
early ischemic signs on noncontrast computed tomography (CT). Cerebral blood volume (CBV)
on CT perfusion defines the core lesion assumed to be irreversibly damaged. We aim to ex-
plore the advantages of CBV_ASPECTS over CT_ASPECTS in the prediction of final infarct vol-
ume according to time. Methods: Consecutive patients with anterior circulation stroke who
underwent endovascular reperfusion according to initial CT_ASPECTS >7 were studied.
CBV_ASPECTS was assessed blindly later on. Recanalization was defined as thrombolysis in
cerebral ischemia score 2b-3. Final infarct volumes were measured on follow-up imaging. We
compared ASPECTS on CBV and CT images, and defined ASPECTS agreement as: CT_AS-
PECTS — CBV_ASPECTS <1. Results: Sixty-five patients, with a mean age of 67 + 14 years and
a median National Institutes of Health Stroke Scale score of 16 (range 10-20), were studied.
The recanalization rate was 78.5%. The median CT_ASPECTS was 9 (range 8-10), and the CBV_
ASPECTS was 8 (range 8-10). The mean time from symptoms to CT was 219 + 143 min. Fifty
patients (76.9%) showed ASPECTS agreement. The ASPECTS difference was inversely corre-
lated to the time from symptoms to CT (r = —0.36, p < 0.01). A ROC curve defined 120 min as
the best cutoff point after which the ASPECTS difference becomes more frequently <1. After
120 min, 89.5% of the patients showed ASPECTS agreement (as compared with 37.5% for <120
min, p < 0.01). CBV_ASPECTS but not CT_ASPECTS correlated with final infarct (r = -0.33, p <
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0.01). However, if CT was done >2 h after symptom onset, CT_ASPECTS also correlated to final
infarct (r = -0.39, p = 0.01). Conclusions: In acute stroke, CBV_ASPECTS correlates with the
final infarct volume. However, when CT is performed after 120 min from symptom onset,
CBV_ASPECTS does not add relevant information to CT_ASPECTS. © 2016 S. Karger AG, Basel

Introduction

The optimal imaging paradigm for selecting acute ischemic stroke patients (AIS) for
reperfusiontherapiesisnotdefined yet. The Alberta Stroke Program Early CT Score (ASPECTS)
[1] is a useful scoring system to assess the extent of early ischemic signs in the middle cerebral
artery (MCA) territory on noncontrast computed tomography (CT). The ASPECTS has been
demonstrated to be associated with outcome in patients receiving intravenous as well as
endovascular reperfusion therapies [2-4]. However, there is no complete agreement on
considering ASPECTS a good prognostic marker [5, 6]. Its main limitations are the modest
interobserver agreement (especially when dichotomized at 7 [7]) and the lack of information
on the extent of ischemic penumbra [8]. Furthermore, the meaning of CT early ischemic
changes is not unequivocal: only parenchymal hypoattenuation (focal hypodensity and/or
loss of gray-white matter differentiation) represents irreversibly injured brain tissue while
isolated cortical swelling may suggest penumbral or oligemic tissue [9].

In the last years, multimodal CT [including CT, CT angiography (CTA) and CT perfusion
(CTP)] has been extensively used for the selection of AIS patients for endovascular reper-
fusion treatments in clinical trials. EXTEND-IA [10] demonstrated the effectiveness of
mechanical thrombectomy in patients with large-vessel occlusion and salvageable tissue on
CTP.In MR RESCUE [11], the subgroup of patients with a ‘penumbral pattern’ on CTP achieved
a good functional outcome regardless of treatment assignment.

Cerebral blood volume (CBV) maps on CTP have been classically used to define the core
lesion assumed to be irreversibly damaged [12, 13]. ASPECTS can be applied to CTP maps to
improve the prediction of the final infarct extent and stroke outcome [14]. However, recent
evidences suggest that CBV maps could overestimate the final infarct volume [15]. Therefore,
the optimal CBV ASPECTS threshold to discriminate between AIS patients with good and poor
clinical outcome remains to be established [14, 16-18]. Moreover, whether CBV provides
more additional information compared to CT in the initial assessment of AIS patients is still a
matter of controversy. We aim to explore the advantages of CBV_ASPECTS over CT_ASPECTS
in the prediction of final infarct volume, as a surrogate marker of clinical outcome.

Methods

From January 2012 to July 2015, we studied consecutive patients with MCA (M1 and proximal M2) or
internal carotid artery (ICA) occlusion below 8 h from symptom onset who received a multimodal CT at
baseline and underwent endovascular reperfusion treatment. All patients were selected for endovascular
treatment according to our local protocol, including a baseline favorable functional status [modified Rankin
scale (mRS) score <3] and an initial CT_ASPECTS >7. Mechanical thrombectomies were performed by expe-
rienced interventionalists using commercially available stent retrievers and aspiration catheters. At the end
of the procedure, recanalization was determined by the thrombolysis in cerebral ischemia (TICI) score.
Complete recanalization was defined as TICI score 2b or 3. Long-term outcome was assessed at 3 months by
means of the mRS considering as good outcome an mRS score <3.

The study was approved by our local Ethics Committee. Informed consent was obtained from each
patient or from his/her close relatives on admission.
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Fig. 1. CT_ASPECTS and CBV_ASPECTS comparison in 2 patients with ASPECTS disagreement (a) and AS-
PECTS agreement (b). a Patient with 110 min of global aphasia and right-side hemiparesis. Left M1-MCA oc-
clusion treated with intravenous recombinant tissue plasminogen activator and endovascular reperfusion
treatment, with complete recanalization after 215 min from symptom onset. b Patient with 200 min of mild
right hemiparesis and motor aphasia. Distal left M1-MCA occlusion, with complete recanalization at 245 min
from symptom onset after primary endovascular thrombectomy. al, b1 24-hour CT scan showing final in-
farct lesion in both patients.

Imaging Protocol

Multimodal CT study was performed on Definition AS Siemens (Siemens, Erlangen, Germany). All patients
underwent noncontrast CT to rule out hemorrhage and patients with large early parenchymal ischemic
changes (ASPECTS <7). CTA was performed to determine the presence of large-vessel occlusion, and select
patients for endovascular reperfusion treatments. Parameters for CTP were: collimator of 32 x 1.5 mm, 80
kVp, and 200 mAs with total coverage of 86 mm. The plane of imaging was parallel to the floor of the anterior
cranial fossa starting just above the orbits. Thirty cycles were obtained with a total scan time of 46 s.

Image Analysis

ASPECTS was computed on nonenhanced CT by a radiologist in the emergency setting, and revised
subsequently by two experienced neuroradiologists (P.C. and ].C). When there was a discrepancy, decision
about the ASPECTS was taken by consensus.

All the images were transferred to a separate workstation for analysis using a DICOM viewer (Osirix
64-bit; Pixmeo, Geneva, Switzerland). CBV_ASPECTS was assessed later on on baseline CTP maps by a
vascular neurologist (M.P.) blinded to CT_ASPECTS evaluation and clinical data. ASPECTS in noncontrast CT

and CBV were compared. We defined as ASPECTS agreement a difference between CT_ASPECTS and CBV_

ASPECTS <1. If the difference was higher than 1, it was considered as ASPECTS disagreement (fig. 1).
Final infarct volumes were measured on follow-up noncontrast CT scan at 24-48 h using the ABC/2
method [19].

Statistical Analysis

Descriptive and frequency statistical analysis were obtained using SPSS 17.0 software. Categorical vari-
ables are presented as absolute values and percentages, while the continuous variables are presented as
median * SD if normally distributed, or median (interquartile ranges, IQR) if not normally distributed. Corre-
lation between continuous variables was assessed by Spearman’s correlation coefficient. A ROC curve
analysis was used to calculate the best cutoff time point after which the ASPECTS difference becomes <1.
Statistical significance for intergroup differences was assessed by Pearson’s x? or Fisher’s exact test for cate-
gorical variables and by the Student t test for continuous variables. Not normally distributed variables were
evaluated by the Mann-Whitney U test. A p value <0.05 was considered significant for all tests.
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Table 1. Radiological and clinical data

Female/male
Age (mean * SD), years
TOAST
Atherothrombotic
Cardioembolic
Undetermined
Other determined (dissections)
Median NIHSS score at entry
Time to CT (mean * SD), min
Unknown time of onset (wake-up stroke)
Median CT_ASPECTS on admission
Median CBV_ASPECTS on admission
Occlusion location on CTA at admission, n/total
MCA-M1
MCA-M2
Proximal ICA
IV rtPA, n/total
Time to groin (mean * SD), min
Time to recanalization or end procedure, mean * SD, min
Final TICI score, n/total
0-1
2a
2b
3
Median NIHSS score at 24 h
Final infarct volume on CT at 24 h (mean * SD), ml
Symptomatic intracranial hemorrhage, n/total
3-month mRS score <3, n/total

25/40
67+14

14/65 (21.5)
36/65 (55.4)
10/65 (15.6)
5/65 (7.5)
16 (10-20)
219+143
8/65 (12)
9 (8-10)
8 (8-10)

30/65 (4.2)
13/65 (20)
6/65 (9.2)
35/65 (53.8)
304+178
347+148

5/65 (7.5)
9 (13.4)
26 (38)
25 (37.3)
9 (3-18)
31.6+48.9
3/65 (1.95)
30/65 (46.1)

Figures in parentheses are percentages or IQR, unless indicated otherwise. TOAST = Trial of ORG 10172
in acute stroke treatment; [V rtPA = intravenous recombinant tissue plasminogen activator.

Results

Baseline clinical and radiological data are presented in table 1. Sixty-five patients (25
men), with a mean age of 67 + 14 years (range 36-86) were studied. Median National Insti-
tutes of Health Stroke Scale (NIHSS) at onset was 16 (IQR 10-20).

Initial angiography identified 6 proximal ICA occlusions (9.2%), 16 terminal ICA occlu-

sions (24.6%), 30 M1 occlusions (46.2%) and 13 proximal M2 occlusions (20%). All the
patients underwent endovascular reperfusion treatment; 53.8% (35 patients) after intra-
venous thrombolysis. Recanalization (defined as TICI score 2b-3) occurred in 51 patients
(78.5%). The median NIHSS score at 24 h was 9 (IQR 3-18). The mean infarct volume in the
24-to 48-hour control CT was 31.6 + 48.9 ml. Thirty patients (46.1%) achieved a good func-
tional outcome (mRS score <3) at 3 months (table 1).

Mean time from symptom onset to CT was 219 * 143 min. On baseline CT, median CT_
ASPECTSwas 9 (IQR8-10),and in CTP, median CBV_ASPECTS was 8 (IQR 8-10).In 50 patients
(76.9%), the CT_ASPECTS and CBV_ASPECTS difference was <1 (ASPECTS agreement).

We evaluated whetherany clinical or radiological variable could be related to the presence
of ASPECTS agreement. In the univariate analysis, ASPECTS disagreement was associated
with lower CBV_ASPECTS and larger infarct volumes. Time to CT also differed significantly
between patients with and without ASPECTS agreement (table 2).
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Table 2. Clinical and radiological comparison between patients with and without ASPECTS_agreement

AD AA p value
Age (mean * SD), years 7215 65+13 0.11
Female/male 9/6 31/19 0.89
Hypertension 10/15 31/50 0.74
Atrial fibrillation 6/15 13/50 0.30
Diabetes mellitus 3/15 10/50 1.00
CHD 2/15 6/50 1.00
Dyslipidemia 7/15 18/50 0.46
Statin therapy 6/15 17/50 0.71
Previous stroke 1/15 11/50 0.27
Glycemia (mean * SD), mg/dl 122+34 130+53 0.61
Systolic blood pressure at onset (mean = SD), mm Hg 150+29 144+34 0.58
Diastolic blood pressure at onset (mean * SD), mm Hg 81+14 78+17 0.57
Time to CT (mean + SD), min 150+141 244137 0.02*
Time to CT <120 min 10/15 7/42 <0.01*
Site of vessel occlusion 0.25
MCA-M1 7/15 23/50
MCA-M2 2/15 11/50
Proximal ICA 0/15 6/50
Terminal ICA 6/15 10/50
Recanalization (TICI score 2b-3) 12/15 39/50 1.00
Final infarct volume on 24 h CT (mean * SD), ml 55+74 24+35 <0.01*
3-month mRS score <3 6/15 24/50 0.77

AD = ASPECTS disagreement; AA = ASPECTS agreement; CHD = coronary artery disease; TOAST = trial of
Org 10172 in Acute Stroke Treatment. * p < 0.05 statistical significance for intergroup differences. It was
assessed by Pearson’s x? or Fisher’s exact test for categorical variables and by Student t test for continuous

variables.
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Fig. 2. Scatter plot showing AS- 0 100 200 300
PECTS difference according to Time (min)
time to CT.

The ASPECTS difference was inversely correlated to the time from symptom onset to CT
(r=-0.36,p <0.01). AROC curve defined 120 min (sensibility: 0.83, specificity: 0.67) as the
best cutoff time point after which the ASPECTS difference becomes <1. After 120 min (fig. 2),
almost 90% of patients showed ASPECTS agreement (89.5 vs. 37.5% for <120 min; p < 0.01).
CBV_ASPECTS (r =-0.33, p < 0.01) but not CT_ASPECTS (r < -0.20, p = 0.08) correlated with
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the final infarct volume. However, if CT was done >2 h after symptom onset, then CT_ASPECTS
also correlated to the final infarct volume (r = -0.39, p = 0.01).

Eight patients (12%) presented with stroke of unknown time of onset because of wake-up
stroke; all of them have ASPECTS agreement and were excluded for the time to CT analysis.

Median CT_ASPECTS was 10 (IQR 9-10) in patients who achieved a good functional
outcome and 9 (IQR 8-10) in patients with poor functional outcome (p = 0.12), while median
CBV_ASPECTS was respectively 9 (IQR 8-10) and 8 (IQR 7-9) in these subgroups (p > 0.05).
There was a trend towards higher CBV_ASPECTS in patients who achieved functional inde-
pendency, but it did not reach statistical significance (p = 0.09).

However, considering only patients who achieved recanalization, both CT and CBV_
ASPECTS correlate with 3-month mRS score (p = 0.01 and p = 0.04, respectively).

Discussion

In this study, we explored the advantages of CBV_ASPECTS over CT_ASPECTS in the
prediction of final infarct volume, as a surrogate marker of clinical outcomes [20, 21]. Previous
studies have shown a higher prognostic value of CTV_ASPECTS compared to CT_ASPECTS [14,
16,17,22] and this is confirmed by our data. In fact, CBV_ASPECTS but not CT_ASPECTS corre-
lated to the final infarct volume. However, previous reports did not take into account the time
from symptom onset to CT. Our study suggests that the predictive accuracy of CBV_ASPECTS
is time-dependent. After 120 min, CBV_ASPECTS did not provide additional information
about ischemic core compared to CT_ASPECTS.

Early ischemic changes on baseline CT are related to the development of cytotoxic and
subsequently ionic edema. The ability of the observers to detect these changes is influenced
by the size of the infarction, the severity of ischemia and the time to CT [1, 23, 24]. It is known
that CT reliability is lower in the ultra-early stroke presenters (within 90 min from symptom
onset) [25]. As time goes by, the CT_ASPECTS is probably more accurate to detect these
ischemic changes, and therefore, the ASPECTS difference decreases over time. On the other
hand, CTP directly derives information on cerebral perfusion by analyzing the first passage
through the cerebral vessels of an intravenous contrast bolus. The software generates the
pixel-based color-coded parametric maps on the basis of the integration of the time density
curves and deconvolution calculations [26]. Theoretically, the infarct core in CTP is the area
with reduced cerebral blood flow and CBV (cerebral blood flow/CBV match) [27]. Using the
ASPECTS methodology, we demonstrated that CTP was more reliable than plain CT at
predicting final infarct volume in the first 2 h from symptom onset. In our series, all patients
with unknown time of symptom onset (because of wake-up stroke) presented with ASPECTS
agreement. We hypothesized that these patients were probably not early presenters.

However, our study showed that, when CT was done after 2 h from symptom onset, CT_
ASPECTS also correlated to the final infarct volume. In this time frame, CBV_ASPECTS was
similar to CT_ASPECTS in almost 90% of the patients. Therefore, no additional information
about ischemic core was provided by CBV in the majority of cases. Furthermore, ASPECTS
disagreement was more frequent in patients with lower CBV_ASPECTS, and consequently,
larger final infarct volumes.

The ischemic core is associated with the risk of hemorrhagic transformation and outcome
after reperfusion therapies [18]. Theoretically, CTP adds information about the tissue at risk
in the penumbral area. However, there are still uncertainties about which are the best CTP
parameters to define core and penumbra [28, 29]. Furthermore, recent evidences have shown
the limited reliability of CTP in acute infarct volume measurements compared with multipa-
rametric MRI [30].
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The ESCAPE trial [31] selected patients for intra-arterial reperfusion therapies by using
collateral assessment on CTA along with CT_ASPECTS. In concordance with our study, we
believe that, after 2 h from symptom onset, CT_ASPECTS associated with CTA could be an
adequate technique for selecting acute stroke patients for reperfusion therapies. This could
represent a time, radiation and contrast-dose sparing imaging protocol for AIS patients who
are not early presenters.

Our study presents several limitations; first of all its retrospective nature and the small
sample size. Moreover, we performed an ASPECTS analysis of CBV maps visually, without using
quantitative thresholds, and not a volumetric automated analysis similar to EXTEND-IA [10] or
SWIFT PRIME [32] studies. Our findings should be confirmed in future larger studies, also using
a volumetric analysis of the CBV maps, even better with standardized automated processing.
Also, infarct volume was determined by the ABC/2 instead of volumetric measurements.

In conclusion, in acute stroke patients undergoing endovascular reperfusion therapies,
baseline CBV_ASPECTS correlates with final infarct volume. However, when CT is performed
beyond 120 min from symptom onset, CBV_ASPECTS does not add relevant information to
CT_ASPECTS about the ischemic irreversible lesion.
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