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Abstract
Purpose There is increasing use of automated computed tomography perfusion (CTP) to aid thrombectomy decision in
emergent large vessel occlusion. It is important to understand the performance of these software packages in predicting
ischemic core and tissue-at-risk in the real-world setting. The aim of this study was to evaluate whether ischemic core
on non-contrast CT (NCCT) and automated CTP correspond and predict infarct extent after thrombectomy for ischemic
stroke.
Methods Consecutive patients with acute anterior circulation large vessel occlusion undergoing successful thrombectomy
(TICI 2b/3) were studied. All patients had baseline CT, CTP with RAPID post-processing software (RAPID-CTP), and
post-thrombectomy 24h CT. Ischemic cores were assessed by two blinded raters independently using the Alberta Stroke
Program Early Computed Tomography Score (ASPECTS) on each modality. The interrater agreement for ASPECTS, and
correlation between baseline CT-ASPECTS, RAPID-CTP-ASPECTS, and 24h CT-ASPECTS were calculated.
Results A total of 86 patients with a mean age of 70.3 years (SD 16.5) were studied. The median baseline CT-ASPECTS
was 9.5 (interquartile range, IQR 8–10), median RAPID-CTP-ASPECTS was 9 (IQR 8–10), and mean RAPID-CTP-
ischemic core volume was 14.4 ml (SD 27.9 ml). The mean mismatch volume (difference of Tmax> 6s and cerebral blood
flow (CBF)< 30%) was 128.6 ml (SD 126.0 ml). There was substantial correlation between baseline and 24h CT-ASPECTS
(rs: 0.62; p< 0.001), but poor correlation between RAPID-CTP-ASPECTS and RAPID-CTP ischemic core volume with
24h NCCT-ASPECTS (rs: 0.21; p= 0.06 and –0.16; p= 0.15 respectively). The positive predictive value of any established
infarct for baseline CT-ASPECTS was 81%, while that of RAPID-CTP-ASPECTS was 64%.
Conclusion In this series of successfully revascularized patients, ischemic core as estimated by RAPID-CTP-ASPECTS
did not correlate with the baseline CT and tended to depict a larger infarct core than the infarct extent as assessed by 24h
CT-ASPECTS.
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Introduction

Determining the extent of the ischemic core is important
for identifying ischemic stroke patients who may bene-
fit from revascularization therapy. In recent landmark tri-
als for thrombectomy including EXTEND-IA, DAWN, and
DEFUSE-3, patients were excluded if there was a large
ischemic core as determined by the fully automated CT
perfusion (CTP) software platform RAPID (iSChemaView
Inc, Golden Park, CA, USA; RAPID-CTP) [1–4]. This led
to an increasing role of automated CTP software packages
in providing information on ischemic core volume and mis-
match volume to help select emergent large vessel occlu-
sion (ELVO) patients with salvageable brain tissue and ac-
ceptable risk of hemorrhagic transformation for endovascu-
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lar thrombectomy. The real-world diagnostic performance
of RAPID-CTP was studied and compared with Alberta
Stroke Program Early Computed Tomography Score (AS-
PECTS) on non-contrast CT in assessing final ischemic core
in a cohort of ELVO patients successfully revascularized
with thrombectomy.

Material andMethods

Study Design

This was a retrospective study of consecutive patients with
angiogram-confirmed anterior circulation large vessel oc-
clusion treated with mechanical thrombectomy. Inclusion
criteria were the following: 1) baseline pretreatment NCCT,
CT angiogram and RAPID-CTP, 2) angiogram-confirmed
anterior circulation large vessel occlusion defined as in-
ternal carotid artery (ICA), M1 or M2 segment of the
middle cerebral artery (MCA), 3) successful reperfusion
with mechanical thrombectomy (defined as TICI 2b/3), and
4) had follow-up CT 24h after thrombectomy. Exclusion
criteria were the following: 1) posterior circulation stroke,
2) poor quality CT or RAPID-CTP images unsatisfactory
for analysis or 3) unsuccessful thrombectomy (defined as
TICI 0–2a).

Imaging Protocol and Image Interpretation

As part of routine practice at this institution, all acute
ischemic stroke patients underwent CT, CT angiogram
and CTP imaging on 320-slice scanners (Aquillion One,
Toshiba, Tochigi, Japan). The CTP image was then pro-
cessed by a fully automated software platform (RAPID,
version 4.7.1, iSChemaView Inc.) to generate the extent
and ischemic core volume using the cerebral blood flow
(CBF)< 30% and cerebral blood volume (CBV)< 34%
thresholds. Patient selection for thrombectomy was based
primarily on clinical symptoms and CT-ASPECTS. After
mechanical thrombectomy, non-contrast CT at 24h was
used to assess the extent of final ischemic core.

For all patients, the ischemic core extent on 1) base-
line CT, 2) RAPID-CTP with CBF< 30% and CBV< 34%
of normal tissue and, 3) 24h follow-up CT were assessed
independently by two raters (one stroke neurologist and
one neuro-interventionist) with more than 5 years of expe-
rience using the Alberta Stroke Program Early Computed
Tomography Score (ASPECTS) in a blinded fashion, and
discrepancies were resolved by consensus reading.

Subgroup Analysis

Because of the notion that ischemic changes may not be
readily apparent on CT among patients who present early,
and CTP may add value in early identification of infarcted
tissue, a subgroup analysis of patients who had CT and
RAPID-CTP within 90min from symptom onset was per-
formed. A subgroup analysis was also performed on pa-
tients who had TICI 2b and TICI 3 revascularization.

Statistical Analysis

The inter-rater agreement on ASPECTS reading was as-
sessed with weighted-kappa score (Kw). Spearman’s rank
order correlation coefficient (rs) was used to analyze the cor-
relation between the baseline CT, RAPID-CTP and 24h-CT
ischemic cores. Statistical analyses were performed with
SPSS version 21 (IBM, Armonk, NY, USA).

Results

Patient Characteristics

There were 101 consecutive anterior circulation LVO pa-
tients treated in the study period. After excluding 12 pa-
tients who did not achieve TICI 2b/3 reperfusion and 3 who
had uninterpretable images, 86 patients (31 male, 55 fe-
male) with a mean age of 70.3 years (SD 16.5 years)
were included for analysis. All patients achieved success-
ful thrombectomy with TICI 2b/3 reperfusion. The median
baseline and 24h National Institutes of Health stroke scale
(NIHSS) were 13 (interquartile range, IQR 8–18.25) and 4
(IQR 1–10), respectively. The median time from onset-to-
CT and CT-to-reperfusion were 90min (IQR 64–252min)
and 105min (IQR 81–137min), respectively. Other patient
and imaging characteristics are summarized in Table 1.

Ischemic Core Assessment

The median baseline CT-ASPECTS was 9.5 (IQR 8–10).
The mean RAPID-CTP-ischemic core volume was 14.4 ml
(SD 27.9 ml) defined by CBF< 30%, and 12.6 ml (SD
33.2 ml) defined by CBV< 34%. The mean mismatch
volume (Tmax> 6s and CBF< 30%) was 128.6 ml (SD
126.0 ml). The median RAPID-CTP-ASPECTS was 9
(IQR 8–10) with CBF< 30%, and 10 (IQR 9–10) with
CBV< 34% thresholds. The median 24h CT-ASPECTS
was 9 (IQR 7–10). The inter-rater agreement was substan-
tial for CT-ASPECTS (Kw: 0.71) and excellent for RAPID-
CTP-ASPECTS (Kw: 0.94).

There was substantial correlation between baseline and
24h CT-ASPECTS (rs: 0.62; p< 0.001), but no significant
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Table 1 Patient characteristics
and stroke imaging results

Patient characteristics Number of patients (%)

Male: Female 1:1.77

Age (years, mean, SD) 70 (16.5)

Side of occlusion

Left 45 (52.3%)

Right 41 (47.7%)

Occlusion site

ICA 15 (17.4%)

M1 54 (62.8%)

M2 17 (19.8%)

Baseline NIHSS (median, IQR) 13 (8–18.25)

24h NIHSS (median, IQR) 4 (1–10)

Improvement in NIHSS (median, IQR) –6.5 (–2 to –11)

Onset-to-CT time (median, IQR) 90min (64–252)

CT-to-reperfusion time (median, IQR) 105min (81–137)

Onset-to-reperfusion time (median, IQR) 218min (157–350)

Imaging characteristics

Baseline NCCT-ASPECTS (median, IQR) 9.5 (8–10)

RAPID-CTP-ASPECTS (CBF< 30%; median, IQR) 9 (7.75–10)

RAPID-CTP ischemic core volume (CBF< 30%; mean, SD) 14.4 ml (27.9)

RAPID-CTP-ASPECTS (CBV< 34%; median, IQR) 10 (9–10)

RAPID-CTP ischemic core volume (CBV< 34%; mean, SD) 12.6 ml (33.2)

RAPID-CTP hypoperfused volume (Tmax> 4s; mean, SD) 274 ml (197)

24h NCCT-ASPECTS (median, IQR) 9 (7–10)

CBF Cerebral blood flow, ICA internal carotid artery, M1 first segment of middle cerebral artery, M2 second
segment of middle cerebral artery, IQR interquartile range, NIHSS National Institutes of Health stroke scale,
SD standard deviation, NCCT non-contrast computed tomography, CTP computed tomography perfusion
imaging, ASPECTS Alberta Stroke Program Early Computed Tomography Score

correlation between RAPID-CTP-ASPECTS or ischemic
core volume defined by CBF< 30% and 24h CT-ASPECTS
(rs: 0.21; p= 0.06 and, rs: –0.16; p= 0.15, respectively;
Fig. 1). Data for CBV< 34% threshold were available for
52 patients, and there was no significant correlation be-
tween RAPID-CTP-ASPECTS or ischemic core volume
defined by CBV< 34% and 24h CT-ASPECTS (rs: 0.21;
p= 0.13 and rs: –0.22; p= 0.12, respectively).

There was also no significant correlation between base-
line CT-ASPECTS and RAPID-CTP-ASPECTS (rs: 0.18;
p= 1.0). Both positive predictive value and specificity for
any established infarct at 24h were higher in baseline CT-
ASPECTS than RAPID-CTP-ASPECTS (81.4% vs. 64.4%
and 77.1% vs. 54.3%, respectively). The 24h CT-ASPECTS
was higher than RAPID-CTP-ASPECTS and baseline CT-
ASPECTS (indicating overestimation of ischemic core) in
31.4% and 11.6% of patients, respectively (Fig. 2).

Subgroup Analysis

A subgroup of 43 patient who had CT and RAPID-
CTP within 90min from symptom onset was analyzed,
and the CT-ASPECTS was still found to correlate better

than RAPID-CTP-ASPECTS with the final infarct extent
(rs:0.65, p<0.001 vs. rs:0.31, p=0.043 for CBF< 30% and
rs:0.57, p=0.004 for CBV< 34%).

Amongst 38 patients who had TICI 2b revasculariza-
tion, CT-ASPECTS still correlated better than RAPID-
CTP-ASPECTS (CBF< 30%) with the final infarct extent
(rs:0.48, p= 0.006 vs. rs:0.22, p=0.23). Amongst the 48
patients who had TICI 3 revascularization, CT-ASPECTS
demonstrated the strongest correlation with the final infarct
extent and performed better than RAPID-CTP-ASPECTS
(CBF< 30%) (rs:0.68, p<0.001 vs. rs:0.20, p= 0.023).

Discussion

The present study of 86 anterior circulation ELVO patients
successfully treated with thrombectomy showed that base-
line CT-ASPECTS correlated with the extent of ischemic
core and predicted the presence or absence of established
infarct better than automated CTP calculations using the
thresholds of CBF< 30% or CBV< 34% of normal tissue as
determined by RAPID. Also, RAPID-CTP overestimated
the ischemic core in close to one third of patients. These
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Fig. 1 Correlations between a baseline CT-ASPECTS score, and b RAPID-CTP-ASPECTS score with final ischemic core (24 h CT-ASPECTS
score) and the 95% confidence interval (circles represent numbers of patients). CT-ASPECTS Computed Tomography-Alberta Stroke Program
Early Computed Tomography Score, RAPID-CTP-ASPECTS RAPID-Computed Tomography-Alberta Stroke Program Early Computed Tomogra-
phy Score

Fig. 2 Illustrative case: a patient suffering from left ICA occlusion with a NIHSS of 16. a Baseline caudal-cranial axial CT performed 80min
after symptom onset showed ASPECTS of 10. b RAPID-CTP performed immediately afterwards showed an ischemic core defined by CBF< 30%
threshold of 23.4cc, corresponding to RAPID-CTP-ASPECTS of 7. c Magnetic resonance imaging (MRI) diffusion imaging 24h after TICI 3
thrombectomy showing only scattered micro-infarct and d 24h CT showing ASPECTS of 10. The 24-h NIHSS was 6
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findings are important as they highlight the potential short-
comings of adopting automated CTP algorithms as the pre-
dominant patient selection criteria for thrombectomy and
reaffirmed the clinical utility of CT-ASPECTS in treatment
decisions for LVO patients.

The evidence in support of CTP for the prediction of final
infarct volume was largely based on studies carried out be-
fore 2015 where patients were treated predominantly with
intravenous thrombolysis and recanalization rates were in
the range of 20–45% [5–9]. In these studies, the low CBF
area delineated by CTP correlated well with MRI diffu-
sion weighted imaging core as well as clinical outcome.
This could be in part due to the relative low recanalization
rate and long reperfusion time of intravenous thrombolysis,
leading to the eventual infarct expansion in the majority
of patients. Bivard et al. demonstrated in a case-control
study that the eventual ischemic core of patients treated by
thrombectomy is smaller than those treated by intravenous
thrombolysis alone, despite comparable occlusion location
and baseline perfusion lesion volumes [10]. In the era of
thrombectomy when the recanalization rate of large vessel
occlusions is 75% or more and the time it takes to achieve
recanalization is significantly shorter, the accuracy of using
the CBF< 30% threshold for predicting eventual ischemic
core may be questioned [11, 12].

In a series of ELVO patients of which 77% achieved
TICI 2b/3 reperfusion after thrombectomy, CTP using the
Syngo MMWP software package (Siemens, Erlangen, Ger-
many) overestimated the ischemic core volume in 38% of
patients [13]. It is important to point out that the Syngo soft-
ware package used a CBV threshold (CBV< 1.2ml/100ml)
to define ischemic core. Austein et al. compared the three
commercially available automated software packages for
CTP (Siemens Syngo, RAPID, Philips Brain CT Perfu-
sion Package). In their study, the RAPID software corre-
lated with the final infarct volume better than its counter-
parts; however, they also identified that it overestimated
the infarct volume in 21% of patients and had a 33.3%
rate of false positive malignant mismatch profile [14]. The
present study comprised of only successfully reperfused
ELVO patients likewise identified a tendency of RAPID-
CTP to overestimate ischemic core, especially in patients
who had complete (TICI 3) revascularization. Therefore,
despite the post hoc analysis of SWIFT-PRIME cohort
of 47 patients, which demonstrated that RAPID-CTP with
CBF< 30% and CBV<34% threshold provided accurate as-
sessment of ischemic core[15], our findings caution against
using automated CTP-derived ischemic core volume as an
absolute exclusion criteria for thrombectomy. In fact, one
recently published study found that up to 10% of patients
who would be denied thrombectomy based on a large CTP-
derived ischemic core achieved good clinical outcome after
successful thrombectomy [16].

It was suggested that amongst patients who present early,
ischemic changes may not be readily apparent on CT and
CTP may add value in early identification of infarcted tis-
sue [17]. This study analyzed the subgroup of patient who
had CT and RAPID-CTP within 90min from symptom on-
set and found the CT-ASPECTS still correlated better than
RAPID-CTP with the final infarct extent.

Limitations

This study has several limitations. The use of MRI diffusion
weighted imaging was not routinely performed for post-
thrombectomy patients to determine ischemic core volume,
which could underestimate micro-infarcts not detectable on
CT. Volumetric assessment was not available for infarct
core volume determination at follow-up. There are poten-
tial selection and recall biases in all retrospective studies
including this study. Assessment with ASPECTS can be
reader-dependent and affected by the level of training and
experience. This study sought to limit these by having two
raters (each with more than 5 years of experience) blinded
to outcome independently assessing the ASPECTS, and
satisfactory inter-rater agreement was obtained. The study
examined discrepancies between CT-ASPECTS and CTP-
ASPECTS determined by one software package (RAPID)
using CBF< 30% and CBV<34% thresholds. The 24-h
CT ASPECTS assessment may be confounded by edema
surrounding infracted brain. It is possible that alternative
thresholds or other imaging software package may have
a stronger association with CT-ASPECTS and ischemic
core.

Conclusion

The CT-ASPECTS correlated with ischemic core better
than RAPID-CTP-ASPECTS in ELVO patients success-
fully treated with thrombectomy when using a core thresh-
old parameter of CBF< 30% or CBV< 34%. This CTP-
based ischemic core did not correlate with the baseline CT
and tended to depict a larger core than the final infarct
as assessed by 24-h CT. Thus, the authors caution against
overly relying on automated CTP imaging criteria alone for
thrombectomy patient selection.
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