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T
he intravenous administration of recombinant tissue plas-
minogen activator (or rtPA) was introduced into acute 

stroke therapy in the mid-1990s (1,2). �e interpretation 
of early infarct signs in CT then became clinically relevant 
for the first time, as it was shown that the response to rtPA 
could be predicted based on the degree of initial infarct de-
marcation (2,3). Evidence also indicated that intravenous 
administration of rtPA can be harmful in patients with ad-
vanced early infarct signs due to a higher risk of intracranial 
hemorrhage (1,2,4). However, only rough estimations of the 
degree of early infarct signs were performed. One rule often 
applied for patient selection and subsequently used for me-
chanical thrombectomy was that early infarct signs should 
be confined to less than one-third of the middle cerebral ar-
tery territory (3,4).

Beginning in the 2000s, a more detailed analysis of early 
infarct signs was proposed as the Alberta Stroke Program 
Early CT score (ASPECTS) (5–9). According to this con-
cept, segmental assessment of 10 defined middle cerebral 

artery vascular territories is performed to look for focal hy-
poattenuation of the cortex and in the basal ganglia, the re-
duction of gray and white matter differentiation, and the 
loss of the insular ribbon sign (10,11). �e final ASPECTS 
evaluation is calculated by subtracting one point for each re-
gion with early infarct signs from the maximum score of 10.

�e ASPECTS evaluation found increasing acceptance 
after mechanical thrombectomy was found to be effective 
for treatment of patients with an emergent large vessel oc-
clusion even beyond time windows applicable for intrave-
nous administration of rtPA (12,13). For some of the large 
randomized controlled trials that ultimately led to the estab-
lishment of thrombectomy as a standard procedure, an AS-
PECTS evaluation greater than or equal to 6 was used as an 
inclusion criterion. For this reason, a minimum ASPECTS 
evaluation is included in most national and international 
thrombectomy guidelines. For example, the guideline from 
the American Heart Association provides level IA evidence 
for thrombectomy in patients in the early window period 
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Background: �e Alberta Stroke Program Early CT Score (ASPECTS) evaluation is a qualitative method to evaluate focal hypoat-
tenuation at brain CT in early acute stroke. However, interobserver agreement is only moderate.

Purpose: To compare ASPECTS calculated by using an automatic software tool to neuroradiologist evaluation in the setting of 
acute stroke.

Materials and Methods: For this retrospective study, consensus ASPECTS were defined by two neuroradiologists based on baseline 
noncontrast CTs collected from January 2017 to December 2017 from patients with an occlusion in the middle cerebral artery and 
from an additional cohort of patients suspected of having stroke and no large vessel occlusion. Imaging data from both baseline and 
follow-up CT was evaluated for the consensus reading. After 6 weeks, the same two neuroradiologists again determined ASPECTS 
by using only the baseline CT. For comparison, ASPECTS was also calculated from baseline CT images by using a commercially 
available software (RAPID ASPECTS). Both methods were compared by using weighted k statistics.

Results: CT scans from 100 patients with middle cerebral artery occlusion (44 women [mean age 6 standard deviation, 75 years 6  
14] and 56 men [mean age, 71 years 6 14]) and 52 patients suspected of having stroke and no large vessel occlusion (19 women 
[mean age, 69 years 6 18] and 33 men [68 years 6 15]) were evaluated. Neuroradiologists showed moderate agreement with 
the consensus score (k = 0.57 and k = 0.56). Software analysis showed substantial agreement (k = 0.9) with the consensus score. 
Software analysis showed a substantial agreement (k = 0.78) after greater than 1 hour between symptom onset and imaging, which 
increased to high agreement (k = 0.92) in the time window greater than 4 hours. �e neuroradiologist raters did not achieve com-
parable results to the software until the time interval of greater than 4 hours (k = 0.83 and k = 0.76).

Conclusion: In acute stroke of the middle cerebral artery, the Alberta Stroke Program Early CT score calculated with automated 
software had better agreement than that of human readers with a predefined consensus score.
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aging, and follow-up MRI (three-dimensional fluid-attenuated 
inversion recovery [repetition time, 4800 msec; echo time, 289 
msec; inversion time, 1650 msec], diffusion-tensor imaging with 
15 directions [repetition time, 9895 msec; echo time, 55 msec; b 
value, 1000 sec/mm2]) obtained 3–5 days after treatment.

Neuroradiology readers were blinded to the results of the au-
tomated software evaluation (described next). Differences in as-
signed ASPECTS evaluation for the consensus reading were re-
solved through joint review of the imaging and discussion with a 
unanimous decision.

Six weeks later, the same two neuroradiologists independently 
assigned ASPECTS evaluations by using only the noncontrast 
baseline CT obtained at the time of each patient’s presentation. 
For this analysis, only the hemisphere affected by the stroke was 
known to the readers. All other information regarding vessel oc-
clusion, time metrics, and the follow-up imaging was withheld.

Image Analysis by Using Automated Software
For comparison, an automated software tool (RAPID ASPECTS, 
version 4.9; iSchemaView, Menlo Park, Calif) was used to calcu-
late an ASPECTS score. RAPID ASPECTS software performs a 
series of operations to generate an automated ASPECTS evalu-
ation. �ese operations include the following: (a) importing the 
Digital Imaging and Communications in Medicine data from the 
noncontrast CT; (b) tilt correcting the image along with removal 
of the skull base, calvarium, and cerebrospinal fluid spaces; (c) ap-
plying a standardized atlas to create an individualized grid that 
corresponds to the 10 ASPECTS regions on each hemisphere; 
(d) calculating the Hounsfield unit values and other relevant pa-
rameters for each of the 20 regions; (e) classifying each region as 
either normal or abnormal by using a machine learning–based al-
gorithm and assessing which hemisphere is most likely to be the 
involved hemisphere; (f) applying plausibility checks and confi-
dence thresholding; (g) generating an ASPECTS output map on a 
graphical user interface with the involved regions identified in red 
and reporting an ASPECTS evaluation; (h) sending a deidentified 
image of the output map to the picture archiving and commu-
nication system (Fig 1). More detailed information on how the 
software determines the ASPECTS evaluation is provided in Ap-
pendix E1 (online). No further machine learning or training of the 
software occurred during the study period.

Statistical Analysis
All statistical analyses were performed by using SPSS (version 
23; IBM, Armonk, NY). Agreement between the different 
readers on the baseline ASPECTS evaluation was calculated 
by using a square-weighted k. �e weighted k is calculated by 
using a predefined table of weights that measure the degree of 
disagreement between the two raters, so that the higher the 
disagreement, the higher the weight (ie, the farther apart are 
the judgments, the higher the weights assigned). A bootstrap 
procedure using 4000 bootstrap samples was performed to es-
timate 95% confidence intervals for the differences of weighted 
k and to perform statistical tests on equality of weighted k val-
ues (18). Agreement between the different readers on dichoto-
mized ASPECTS evaluations were calculated by using Cohen 
k. Correlations were calculated by using Spearman r. All data 

Abbreviation
ASPECTS = Alberta Stroke Program Early CT score

Summary
In candidates for thrombectomy, the Alberta Stroke Program Early 
CT score calculated with automated software showed better agree-
ment with a predefined consensus score than with expert human 
readers, especially for scans obtained between 1–4 hours from symp-
tom onset.

Key Points
 n Two experienced neuroradiologists showed moderate agree-

ment with a predefined Alberta Stroke Program Early CT score 
(ASPECTS) consensus score (k = 0.57 and k = 0.56).

 n When automated software was used to calculate ASPECTS, there 
was substantial agreement (k = 0.90) with the predefined consen-
sus score ASPECTS evaluation.

 n In acute stroke of the middle cerebral artery, ASPECTS by using 
automated software had better agreement with a predefined con-
sensus score than did experienced neuroradiologists.

(,6 hours) with an ASPECTS evaluation greater than or equal 
to 6 (14).

�us, the reliable quantification of the ASPECTS evaluation 
is of clinical relevance but suffers from the drawback of limited 
interobserver agreement (5,15). Two commercially available soft-
ware programs are now available to automatically calculate the 
ASPECTS evaluation in a reasonable and clinically acceptable 
timeframe. Studies using the e-ASPECTS software (Brainomix, 
Oxford, United Kingdom) have reported encouraging results 
(16,17). �e aim of our study was to evaluate another automated 
software–based analysis (RAPID ASPECTS) of the ASPECTS 
evaluation in comparison with expert neuroradiologists. �is 
study was exploratory without a prespecified hypothesis.

Materials and Methods
For the main analysis, imaging data from consecutive patients 
who presented to our institution with an acute stroke between 
January 1, 2017 and December 31, 2017 due to emergent large 
vessel occlusion in the middle cerebral artery and were treated 
with thrombectomy were included in our study (cohort 1,  
n = 100). Additionally, a second cohort of consecutive patients 
with clinical suspicion of stroke and no emergent large vessel oc-
clusion between January 1, 2017 and March 31, 2017 was ana-
lyzed (cohort 2, n = 52). Disease categories of cohort 2 are specified 
in Table E1 (online). To be included in the analysis, only patients 
with follow-up MRI were included for both cohorts. Based on 
the anonymous and retrospective study design, written consent 
was waived by the local ethics committee. �is is an investigator-
initiated study without any financial support.

Image Analysis by Neuroradiologists
To assign a reference standard ASPECTS evaluation, two board-
certified neuroradiology attending physicians (C.M. and B.F., 
with 9 years and 7 years of experience, respectively) independently 
reviewed the complete set of available imaging at the acute stage, 
including noncontrast CT (5 mm, axial, incremental acquisition), 
perfusion CT (10 mm, axial), digital subtraction angiography im-
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cohort 1) or could not be processed with the 
software (22 patients in cohort 1, 10 patients 
in cohort 2), a total of 100 patients in cohort 
1 and 52 patients in cohort 2 were included in 
our study (Fig 2).

�e consensus score analysis showed a 
median ASPECTS evaluation of 9 (95% 
confidence interval: 7, 10; range, 1–10). Di-
chotomized using a threshold of greater than 
or equal to 6, there were 14 patients in cohort 
1 with ASPECTS less than 6 and 86 patients 
with ASPECTS greater than or equal to 6. In 
cohort 2, there was 1 patient with ASPECTS 
less than 6 and 51 patients with ASPECTS 
greater than or equal to 6.

Comparison of Neuroradiologist ver-
sus Software Evaluation of ASPECTS
In the blinded analysis of cohort 1, reader 1, 
reader 2, and software analysis each showed a 
median ASPECTS evaluation of 9 with differ-
ent interquartile ranges (reader 1, 9–10; reader 
2, 8–10; software evaluation of ASPECTS, 
6–10). Reader 1 and reader 2 showed only a 
fair agreement with the consensus score in the 
subsequent analysis of the ASPECTS evalua-
tion (reader 1, k = 0.57; reader 2, k = 0.56; P 
= .90 for reader 1 vs reader 2).

Automated software analysis showed al-
most perfect agreement to the consensus score 
with a k value of 0.9 (P = .05 for automated 
software vs reader 1; P = .006 for automated 
software vs reader 2) (Table 2, Fig 3). In co-
hort 2, automated software agreement with 
the consensus score was k value of 0.6; reader 
1 reached a k value of 0.3 and reader 2 reached 
a k value of 0.6. �ere was a correlation be-
tween the consensus score ASPECT and the 
scores of reader 1 and reader 2: lower ASPECT 
consensus score correlated with lower agree-
ment between the neuroradiologists (both P 
, .001). In contrast, automated software per-
formance was independent of agreement with 

consensus score (P = .16) (Fig 4). �e clinically relevant thresh-
old of an ASPECTS evaluation of 6 or greater versus less than 6 
also showed substantial differences: automated software analysis 
showed moderate agreement (k = 0.7) in comparison with the 
consensus score. Reader 1 and reader 2 showed fair and moderate 
agreement, respectively (k = 0.4 and k = 0.5), when compared 
with the consensus score.

Relationship between Symptom Onset to Imaging and 
ASPECTS
�e average time from symptom onset to imaging in our co-
hort was 121 minutes 6 89 (standard deviation) for cohort 1. 
Both human readers and the automated software showed mini-

are presented as medians with confidence intervals if not indi-
cated otherwise. A P value  .05 was considered to indicate 
statistical significance.

Results

Demographics of the Study Cohort
Baseline characteristics for cohort 1 and cohort 2 are shown in Ta-
ble 1 and Table 2, respectively. After excluding patients for whom 
no adequate follow-up MRI was available (18 patients in cohort 1, 
21 patients in cohort 2) or whose baseline images were technically 
inadequate to be analyzed by the human readers (three patients in 

Figure 1: A,B, Axial CT images show territories with automatically calculated early 
infarct signs by using RAPID ASPECTS software (iSchemaView, Menlo Park, Calif) demon-
strated in red. Automatically calculated ASPECTS evaluation was 1, while readers indicated 
scores of 7 and 8, respectively. Consensus ASPECTS evaluation was 2, differing in only 
one ASPECTS territory from software calculation. C,D, Axial MR images show infarct de-
marcation in fluid-attenuated inversion recovery 3 days after complete reperfusion during 
mechanical thrombectomy, which was achieved 150 minutes after symptom onset. Readers’ 
scores were performed based on standard noncontrast CTs in picture archiving and com-
munication system, unaware of both automated segmentation as well as automated scoring 
by using RAPID ASPECTS software. To compute ASPECTS, 1 point is subtracted from 10 
for any evidence of early ischemic change for each of 10 defined middle cerebral artery 
(MCA) vascular territories. C = caudate head, I = insula, IC = internal capsule, L = lentiform 
nucleus, M1 = frontal operculum, M2 = anterior temporal lobe, M3 = posterior temporal 
lobe, M4 = anterior MCA, M5 = lateral MCA, M6 = posterior MCA. 
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Discussion
In our study, we confirmed that experienced neuroradiologists 
may show only a fair agreement (k = 0.56–0.57) in ASPECTS 
evaluation, either between each other or in comparison to a 
consensus score that incorporates the results of follow-up im-
aging. �e interrater variability can have clinical consequences, 
as guideline-based endovascular treatment of the patient is of-
ten based on the ASPECTS evaluation. We used an automated 
software approach that determines the ASPECTS evaluations 
in a reasonable computing time (2–4 minutes) and therefore 
hypothesized to standardize and improve the accuracy of AS-
PECT scoring. Our results demonstrate that a fully automated 
software tool can determine the ASPECTS evaluation with 
greater agreement in comparison to a predefined consensus 
standard of reference (k = 0.92) than an experienced neuro-
radiologist in patients with an acute occlusion of the middle 
cerebral artery.

Various studies have shown only modest to moderate agree-
ment between two or more readers over the entire scale for deter-
mining ASPECTS evaluations (19,20). �erefore, the ASPECTS 
evaluation was frequently dichotomized in the literature (eg, more 
or less than an ASPECTS evaluation of 7) (7). Moderate to good 
interrater agreement could be reached with these dichotomized 
ASPECTS evaluation provisions.

In contrast to human readers, the software showed almost 
perfect concordance with the previously defined consensus 
score that allowed data from follow-up images to be considered. 
�e time dependency was particularly striking. In patients im-
aged less than 1 hour since the onset of symptoms, both the 
human reader and the software showed poor agreement (k = 
0.12–0.19) with the predefined consensus score, likely because 
early infarct changes are typically extremely subtle or absent in 
the first hour after symptom onset. However, beyond 1 hour, 
the software-based analysis showed good detection of the in-
farcted area as demonstrated by a high agreement with the 
consensus score (k = 0.78), while the human readers showed 
poor to satisfactory agreement (k = 0.27–0.36). For patients in 

mal agreement with the consensus score when less than 1 hour 
passed between symptom onset and imaging (reader 1, k = 0.19; 
reader 2, k = 0.12; software analysis, k = 0.17).

With increasing time between symptom onset and imag-
ing, better agreement between the two readers and the con-
sensus score was observed. If the time between symptom on-
set and imaging was more than 4 hours, then both readers 
showed substantial agreement (k = 0.83 and k = 0.76, respec-
tively) (Tables 3, 4). Automated software analysis, however, 
showed substantial agreement (k = 0.78) after the first hour, 
which subsequently increased to an almost perfect agreement 
(k = 0.92) at the time window of more than 4 hours (Fig 5). 
No time dependency could be detected in cohort 2.

Relationship between Treatment and ASPECTS
Based on treatment guidelines, we would not have treated seven 
of our 100 patients using software analysis as a basis for decision 
making. Among these seven patients (all of whom achieved suc-
cessful endovascular reperfusion), one patient was functionally in-
dependent with a modified Rankin Scale (or mRS) score of 1 after 
90 days, one patient had an mRS score of 3 after 90 days, one pa-
tient had an mRS score of 4 after 90 days, and four patients died. 
�e patient with the functionally independent outcome is particu-
larly interesting. �e automated software assigned an ASPECTS 
evaluation of 1, the consensus score was an ASPECTS evaluation 
of 6 at diffusion-weighted imaging, and the two human readers 
each scored 8. �is patient was treated with thrombectomy and 
had an ASPECTS evaluation of 6 in a patchy appearance and a fa-
vorable clinical outcome (Fig 6). Because the hypodensities in the 
acute stroke CT can be clearly visualized and were confirmed with 
Hounsfield unit measurement (see software attenuation values in 
Fig 4), it appears that some of these hypodense areas were indeed 
reversible after successful recanalization.

Table 1: Patient Characteristics of Cohort 1

Characteristic Result

No. of patients 100

Age (y) 75 6 14

 Women 75 6 14

 Men 71 6 14

Female sex (%) 44

National Institutes of Health Stroke Scale*† 13 (8, 17)

Time from symptom onset to imaging (min) 121 6 89 

90-day modified Rankin Scale*‡ 3 (1, 6)

Note.—Unless otherwise indicated, data are means 6 standard 
deviation. Cohort 1 included patients with acute stroke due to 
large vessel occlusion in the middle cerebral artery territory.

* Data are medians, with confidence intervals in parentheses.
† Score of 0 indicates no stroke symptoms; score of 1–4 indicates 
minor stroke; score of 5–15 indicates moderate stoke; score of 
16–20 indicates moderate to severe stroke; score of 21–42 indi-
cates severe stroke.
‡ Score of 0 indicates no symptoms; score of 1 indicates no 
significant disability; score of 2 indicates slight disability; score of 
3 indicates moderate disability; score of 4 indicates moderately 
severe disability; score of 5 indicates severe disability; score of 6 
indicates the patient is dead.

Table 2: Patient Characteristics of Cohort 2

Characteristic Result

No. of patients 52

Age (y) 73 6 16

 Women 69 6 18

 Men 68 6 15

Female sex (%) 36

National Institutes of Health Stroke Scale*† 8 (1, 12)

Time from symptom onset to imaging (min) 134 6 79 

Note.—Unless otherwise indicated, data are means 6 standard 
deviation. Cohort 2 included patients with clinical suspicion of 
stroke but no large vessel occlusion in the middle cerebral artery 
territory.

* Data are medians, with confidence intervals in parentheses.
† Score of 0 indicates no stroke symptoms; score of 1–4 indicates 
minor stroke; score of 5–15 indicates moderate stoke; score 
of 16–20 indicates moderate to severe stroke; score of 21–42 
indicates severe stroke.
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�e better performance of the software in early time windows 
is most likely explained by the subtle changes that could be de-
tected by the software but were not easily detected by the human 
eye without the benefit of follow-up imaging to direct the readers’ 
attention to these subtle findings. �e human readers performed 
better at longer times after symptom onset because of clearer in-
farct demarcation. �is is shown by the correlation between the 
time interval from symptom onset to imaging and the accuracy of 
the ASPECTS evaluation. �ese findings are corroborated by the 
literature (21,22). In cohort 2, software analysis was superior to one 
human reader and essentially identical to the other. Overall per-
formance was slightly worse (k = 0.6) in cohort 2 compared with 

whom the onset of symptoms was more than 4 hours before 
imaging, human experts achieved comparable performance 
with the automated software (k = 0.76–0.92). �is is relevant 
because many patients with stroke do not present within the 
first 4 hours; however, in the early-window thrombectomy tri-
als, the vast majority of patients were imaged before 4 hours. 
As mentioned, based on the software and with strict adherence 
to the guidelines, we would have excluded seven patients from 
thrombectomy. Five of those patients presented in the “late 
time window” beyond 4 hours. One patient presented between 
1 and 2 hours after symptom onset and one patient presented 
in the time window between 2 and 3 hours.

Figure 2: Flowchart shows patient selection and inclusion in analysis. LVO = large vessel 
occlusion.

Figure 3: A, B, Axial CT images and, C, axial fluid-attenuated inversion recovery MR images in a 74-year-old woman with right-sided stroke 
due to occlusion of M1 segment. Automated software showed much greater agreement with consensus score than with human readers. A, Two 
human readers each scored 8. B, Software analysis assigned Alberta Stroke Program Early CT score (ASPECTS) evaluation of 4. Consensus score 
ASPECT was 4. C, This patient was promptly treated with thrombectomy (grade 3 on Thrombolysis in Cerebral Infarction scale) and had fluid-
attenuated inversion recovery–ASPECTS evaluation of 3 on third day after intervention.
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majority of these patients had normal or near-normal scans (Table 
E2 [online]). In cohort 2, seven patients showed an ASPECTS 
evaluation of 7 or less: three of them most likely induced by swell-
ing due to a seizure, two showed substantial infarction at follow-up 

the emergent large vessel occlusion cohort. �is may be explained 
by the fact that the pretest probability of detecting an infarction 
lowers substantially when patients with only a clinical suspicion of 
ischemic stroke are examined. �is is illustrated by the fact that the 

Table 3: Square-weighted k Values for Interobserver Agreement on ASPECTS Evaluation

Parameter Reader 1 Reader 2
ASPECTS Calculated with  
Automated Software

Cohort 1

 Standard of reference consensus score 0.57 0.57 0.90

  Reader 1 … 0.48 0.35

  Reader 2 … … 0.43

Cohort 2

 Standard of reference consensus score 0.30 0.60 0.60

  Reader 1 … 0.40 0.35

  Reader 2 … … 0.50

Note.—ASPECTS = Alberta Stroke Program Early CT score.

Table 4: Relationship between CT Scan Time and Interobserver Agreement on ASPECTS 

Evaluation

Time from Symptom  
Onset to Imaging  
(min)

Reader 1 vs Standard 
of Reference Consensus 
Score

Reader 2 vs Standard  
of Reference Consensus  
Score

ASPECTS Calculated with  
Automated Software vs Standard  
of Reference Consensus Score

,60 0.19 0.12 0.17

.60 to ,120 0.27 0.36 0.78

.120 to ,240 0.64 0.52 0.77

.240 0.83 0.76 0.92

Note.— Data are k values (calculated by using the square-weighted k values in cohort 1). Both neuro-
radiology readers and automated software show greater agreement with the standard of reference Alberta 
Stroke Program Early CT score (ASPECTS) with greater imaging time following symptom onset.

Figure 4: Plot shows correlation between magnitude of consensus score and accuracy of readers and soft-
ware. Lower Alberta Stroke Program Early CT score (ASPECTS) consensus score correlated with lower accuracy 
of human readers (both P , .001). For software, there was no correlation between consensus score ASPECTS 
and difference between automated score and consensus score (P = .16). Dots indicate mean value and whiskers 
indicate 2x standard error of the mean.
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Figure 5: Graph visualizes Alberta Stroke Program Early CT score 
(ASPECTS) evaluation agreement with consensus score between hu-
man readers and fully automatic software based on time between 
symptom onset and imaging. Whereas software analysis tool had sub-
stantial agreement with consensus score after 1 hour, human readers 
did not reach similar level of agreement until greater than 4 hours.

Figure 6: A, B, Axial CT images and, C, axial diffusion-weighted MR images in a 61-year-old man with right-sided stroke due to occlusion of 
M1 segment of middle cerebral artery (MCA). A, Two human readers each scored 8. B, Automated software assigned Alberta Stroke Program 
Early CT score (ASPECTS) evaluation of 1. Consensus score ASPECT was 6. C, This patient was treated with thrombectomy and had ASPECTS 
evaluation of 6 at diffusion-weighted imaging with multiple patchy lesions in MCA territory and favorable clinical outcome. Extensive areas of 
hypodensity at acute stroke CT can be clearly visually depicted and were verified to have low Hounsfield unit values (see Hounsfield unit values on 
analysis output screen in B); however, some of these hypodense regions appear normal at follow-up MRI, suggesting reversibility following success-
ful recanalization.

MRI without large vessel occlusion at initial imaging (most likely 
an indication of spontaneous dissolution of the clot), and two of 
the patients had diffuse but subtle leukoencephalopathy. It should 

also be considered that the ASPECTS evaluation was not designed 
as a screening tool, but rather to describe the extent of infarction in 
patients with clinically definite ischemic stroke where reperfusion 
therapy (either with thrombolysis or endovascular) is being con-
sidered. Nevertheless, the ASPECTS evaluations are also relevant 
to help to determine a diagnosis of stroke.

�ere is controversy regarding the issue of whether patients 
with ASPECTS evaluations less than 6 benefit from thrombec-
tomy and some centers routinely treat patients with lower scores. 
Ongoing randomized trials are addressing this issue (eg, Efficacy 
and Safety of �rombectomy in Stroke with Extended Lesion and 
Extended Time Window [TENSION]). Regardless of the results 
of these trials, having a method to improve the accuracy and in-
terrater reliability of ASPECT determinations is highly desirable. 
However, there are potential drawbacks to automated software. 
ASPECTS software is designed to be used in conjunction with an 
experienced reader to help validate the final score and to detect ar-
tifacts or technical issues that can lead to over- or underestimation 
of the true ASPECTS evaluation.

Our study had some limitations. Both the definition of the 
consensus score and the blinded ASPECTS evaluation analy-
sis were performed by the same readers at different time points. 
However, this was a deliberate decision because a new set of read-
ers for the consensus score read would introduce additional varia-
tion based on the well-established interreader variability inherit in 
ASPECT scoring. �e interrater agreement between the human 
raters and the consensus score might have been less if different rat-
ers performed the reference standard read. To minimize a possible 
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influence of the two analysis runs on each other, a large time inter-
val of 6 weeks was chosen so the readers would have no recollec-
tion of the original read. Another potential limitation was that no 
external selections of the image data were performed. Yet, we be-
lieve this limitation is minimal because we included all consecutive 
patients in our study period whose image data could be analyzed. 
Also, the knowledge of which hemisphere was affected in cohort 
1, as well as the knowledge that the patients had a large vascular 
occlusion, may have given the human readers an advantage over 
the software. However, these data are typically available to human 
readers in routine clinical practice. From a statistical point of view, 
our results show a relatively narrow interquartile range. �is trun-
cation of score variability could alter the correlations that could be 
seen over a more diverse patient population. A perfectly accurate 
“ground-truth” ASPECTS evaluation is not achievable because 
there is no imaging study that provides definitive identification of 
regions of early ischemic injury. We tried to achieve the best pos-
sible consensus score by evaluating all information available, in-
cluding multimodal imaging that was acquired at the acute stage. 
�is included perfusion imaging, which is more sensitive than is 
noncontrast CT for identification of early ischemic core lesions, as 
well as CT angiography. Additionally, we analyzed the MRI after 
interventional stroke treatment, which is performed 3 days after 
treatment. Although successful endovascular treatment can have 
a tremendous impact on the evolution of ischemic lesions, we felt 
that the inclusion of the follow-up MRIs improved the accuracy 
of the consensus score reading because regions that progressed to 
infarction could be carefully scrutinized on the baseline scan to 
see if subtle changes were present. Another limitation was that 
about 20% (22 of 100 in cohort 1, 10 of 52 in cohort 2) of the 
CT data sets could not be analyzed by using automated software 
ASPECTS, often because the field of view was too small to meet 
the required 13 cm of coverage. In other CT data sets, the reason 
the scans could not be analyzed is unclear. In contrast, only three 
data sets could not be analyzed by the human readers. �is finding 
demonstrates that human experts have more flexibility to interpret 
nonstandardized images. �is further emphasizes that a thorough 
review of the software output by experienced neuroradiologists or 
neurologists is mandatory prior to treatment decisions.

In conclusion, in potential candidates for thrombectomy, the 
determination of the Alberta Stroke Program Early CT score eval-
uation with a fully automated software tool more closely matches 
a consensus reference standard, particularly in patients with a time 
interval between the onset of symptoms and imaging of 1 to 4 
hours. Nevertheless, because of technical limitations and poten-
tial artifacts, a thorough review of the automated scores by expe-
rienced neuroradiologists or neurologists is extremely important.
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