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ABSTRACT

Purpose: To assess agreement between Cercare artificial intelligence (AI) and expert neuroradiologist interpre-
tation for CT angiography (CTA) large vessel occlusion (LVO) detection, and to compare Cercare and Vitrea CT
perfusion (CTP) outputs in acute ischaemic stroke.

Methods: This dual-centre retrospective study included 214 adults undergoing multimodal CT for suspected acute
ischaemic stroke. LVO agreement was assessed in 162 CTA datasets using consultant neuroradiologist inter-
pretation as the comparator; no angiographic or consensus reference standard was used. The quality-controlled
primary CTP analysis included 196 paired datasets after exclusion of five studies with documented technical
compromise; an all-output sensitivity analysis included 201 datasets. Treatment classification was assessed in 65
quality-controlled neuroradiologist-confirmed LVO cases with paired perfusion outputs, with an all-output
sensitivity analysis in 67 cases. Cercare-derived cerebral metabolic rate of oxygen (CMRO3) volumes were
examined in exploratory, hypothesis-generating analyses against perfusion core volumes and discharge modified
Rankin Scale (mRS).

Results: Cercare showed positive percent agreement of 82.3% (95% CI 71.0-89.8) and negative percent agree-
ment of 83.0% (74.5-89.1) with neuroradiologist interpretation, with substantial agreement (kappa = 0.641). In
the quality-controlled CTP cohort, core limits of agreement were — 34.7 to 30.1 mL (ICC 0.930) and penumbra
limits were — 94.6 to 104.7 mL (ICC 0.812). Inclusion of five technically compromised studies widened the
corresponding all-output limits to — 90.5 to 86.4 mL and — 191.4 to 219.5 mL. In 65 quality-controlled LVO
patients, agreement was 93.8% for EXTEND-IA-style imaging mismatch and 87.7% for DAWN-style clinical-core
mismatch classification. In exploratory, hypothesis-generating analyses, CMRO, correlated with Vitrea core (p =
0.758-0.787) and discharge mRS (p = 0.390-0.401).

Conclusion: Cercare showed substantial agreement with expert CTA interpretation. Quality control materially
influenced CTP agreement estimates, and residual individual-patient variability, particularly for penumbra and
treatment-threshold classification, indicates that outputs should not be regarded as interchangeable. The DAWN-
derived analysis represents a threshold classification rather than full trial eligibility. CMRO findings are
exploratory and hypothesis-generating and require prospective validation.
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1. Introduction

Acute ischaemic stroke remains a major cause of death and disability,
and treatment selection depends on rapid neuroimaging assessment [1].
Multimodal CT, including non-contrast CT, CT angiography (CTA) and
CT perfusion (CTP), is widely used to identify large vessel occlusion
(LVO), estimate infarct core and assess potentially salvageable tissue.
These tasks are time-critical and may be challenging where specialist
neuroradiology support is not continuously available [2-4].

Al-based stroke imaging platforms aim to accelerate LVO detection
and standardise perfusion quantification [5-8]. However, inter-software
variability remains clinically important, particularly when CTP-derived
core and penumbra volumes are used for late-window treatment selec-
tion. Differences in post-processing algorithms, arterial input function
selection, delay correction and threshold definitions may change esti-
mated volumes and affect eligibility near decision thresholds [9-13].

This variability is particularly relevant in pragmatic stroke path-
ways, where automated outputs may be reviewed rapidly by clinicians
and incorporated into transfer, thrombolysis or thrombectomy discus-
sions. A platform may show good cohort-level correlation with another
package yet still generate clinically important differences for individual
patients close to decision thresholds. Perfusion-based imaging selection
was central to major late-window thrombectomy trials [14-16].

Cercare Al is a commercial platform for automated multimodal CT
analysis. In addition to LVO detection and CTP quantification, it pro-
vides cerebral metabolic rate of oxygen (CMRO>) estimates intended to
reflect tissue viability. The aims of this study were: (1) to assess agree-
ment between Cercare and a consultant neuroradiologist for CTA LVO
detection, framed as inter-reader agreement rather than diagnostic ac-
curacy against a definitive reference standard; (2) to compare Cercare
and Vitrea perfusion outputs using routine clinical outputs, framed as a
pragmatic workflow comparison rather than algorithmic harmonisation;
(3) to assess agreement for EXTEND-IA-style imaging mismatch and
DAWNS-style clinical-core mismatch classifications; and (4) to explore
CMRO,, associations with perfusion-derived core and discharge func-
tional status.

2. Materials and methods
2.1. Study design and population

This retrospective dual-centre study included consecutive adults
with suspected acute ischaemic stroke who underwent multimodal CT
imaging at two UK comprehensive stroke centres between January 2021
and December 2023. Institutional approval was obtained and the
requirement for informed consent was waived because of the retro-
spective design.

Reporting was structured with reference to STARD-AI and CLAIM
2024 guidance for Al-centred diagnostic and medical imaging studies
where applicable [17,18]. Because this was a retrospective agreement
study using routine clinical outputs rather than model development or
retraining, items relating to algorithm training data, source code and
calibration were not applicable or were not available from the com-
mercial vendor.

Inclusion criteria were clinical suspicion of acute ischaemic stroke,
multimodal CT including CTA and CTP, age >18 years and imaging
suitable for analysis. Exclusion criteria at cohort assembly were intra-
cranial haemorrhage, failure to generate an interpretable study output
or incomplete clinical data. A total of 214 patients were included. No
formal sample-size calculation was performed; the sample reflects all
eligible patients meeting inclusion criteria over the study period. During
the reviewer-requested audit, five studies with generated outputs but
documented technical compromise were excluded from the quality-
controlled primary perfusion analysis and retained in an all-output
sensitivity analysis. The analytic flow and the overlap between cohorts
are shown in Fig. 1 and Supplementary Table S9.
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Fig. 1. Analytic flow diagram showing the partially overlapping cohorts.
Seventy-one patients were neuroradiologist-positive for LVO in the master
cohort; 62 contributed to the CTA agreement analysis and 67 had paired CTP
outputs for treatment classification. Five documented technically compromised
CTP studies were excluded from the quality-controlled perfusion analysis,
including two treatment-classification cases.

2.2. Image acquisition and processing

Patients underwent standard clinical multimodal CT protocols. At
Whiston Hospital, imaging was performed on a GE Revolution EVO
scanner. At the Countess of Chester Hospital, imaging was performed on
a Toshiba Aquilion One scanner.

CTP acquisition parameters included coverage of two slab positions
(basal ganglia and centrum semiovale), temporal sampling of 20 time
points at 1.5-second intervals, acquisition duration of 30 s, contrast
volume of 50 mL iodinated contrast (300-350 mgI/mL), injection rate of
5 mL/s, and reconstruction with 5 mm slice thickness using a standard
soft-tissue kernel. CTA was acquired from aortic arch to vertex following
a bolus-tracking technique with 60-80 mL contrast at 4-5 mL/s.

Datasets were anonymised using institutional de-identification pro-
tocols before analysis. Cercare processing (version 16) was performed
retrospectively off-site after image transfer by a Cercare Medical ApS
employee. The employee did not have access to clinical data or other
assessments, including the neuroradiologist's interpretation. Cercare
processing was fully automated without manual adjustment. Vitrea
processing (version 7.11; Vital Images, USA) was performed on-site
using routine clinical workflow. In 41 of 214 cases (19.2%), the initial
Vitrea arterial input function and/or venous output function curve was
considered unacceptable and was manually adjusted. A centre-specific
breakdown of these manual adjustments was not available. Both plat-
forms processed identical raw CTP source data.

Vitrea output was available in 213 patients and Cercare output in
202; complete paired core and penumbra outputs were available in 201
patients. Existing case-review notes identified five of these studies as
technically compromised: three involved failure of Vitrea venous output
function construction and two involved motion artefact that could not
be corrected in either platform. These five studies, all from the Toshiba
centre, were excluded from the quality-controlled primary CTP analysis
(n = 196) and retained in an all-output sensitivity analysis (n = 201).
CMRO, data were available in 202 patients. Neuroradiologist CTA re-
sults were available in 186 patients; both neuroradiologist and Cercare
CTA results were available in 162 patients for the CTA agreement
analysis. Categorisation relied on existing case-review notes; no new
blinded source-image quality audit was undertaken.
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2.3. LVO and perfusion assessment

CTA images were analysed by Cercare Al and by an experienced
consultant neuroradiologist blinded to AI output and to clinical infor-
mation other than suspected acute stroke. The neuroradiologist inter-
pretation was used as the comparator for the agreement analysis. LVO
was defined as complete occlusion or high-grade stenosis (>90%)
involving the internal carotid artery, M1, M2 or basilar artery. High-
grade stenosis was defined visually as near-complete luminal narrow-
ing with a thread-like residual channel or contrast trickle. High-grade
stenosis was included in the operational definition used for the orig-
inal analysis; because stricter definitions may be limited to complete
occlusion, complete occlusions were also examined separately in a
sensitivity analysis.

For perfusion analysis, the two platforms used different core defini-
tions matching their clinical default settings. Vitrea defined ischaemic
core using relative cerebral blood volume (rCBV) <40% of the contra-
lateral hemisphere, whereas Cercare defined ischaemic core using
relative cerebral blood flow (rCBF) <30%. For Cercare, penumbra was
defined as Tmax > 6 s; for Vitrea, penumbra was defined as Tmax > 2.2's
minus core volume. These different definitions were retained because
they represent the outputs available in routine clinical workflow; the
comparison therefore evaluates real-world interchangeability rather
than algorithmic harmonisation.

Cercare estimates CMRO, from CTP-derived parameters using a
model relating cerebral blood flow, oxygen extraction fraction and
arterial oxygen content. The computation depends on deconvolution
assumptions and perfusion modelling steps shared with the core and
penumbra pipeline. The thresholds used (<0.20, <0.26, <0.32, <0.38)
are vendor-specified defaults without prior external validation; the
analysis is therefore exploratory and hypothesis-generating. Because
CMRO; and Cercare core are generated by the same platform and may
share processing steps, within-platform correlations were interpreted as
internal consistency metrics; cross-platform correlations between
CMRO; and Vitrea core were considered more independent.

2.4. Treatment-classification analysis

Treatment-classification analyses included 67 of the 71
neuroradiologist-positive LVO patients in the overall cohort who had
complete paired Vitrea and Cercare perfusion outputs. This cohort was
not restricted to patients with an available Cercare CTA result and
therefore was not a subset of the 162-patient CTA agreement cohort.
Sixty-one of these patients also belonged to the CTA agreement cohort,
whereas six lacked a Cercare CTA result. Studies 176 and 182 had
documented technical compromise and were excluded from the quality-
controlled primary treatment analysis, leaving 65 patients; all 67 pa-
tients were retained in a sensitivity analysis. NIHSS was ascertained
from admission clinical records and age was calculated from date of
birth to scan date. Premorbid mRS was not consistently available, and
the complete DAWN time-window, occlusion-location and premorbid-
function criteria were not applied. The DAWN-derived result therefore
represents clinical-core mismatch threshold classification rather than
full DAWN trial eligibility.

EXTEND-IA-style imaging mismatch classification used core <70 mL,
penumbra >10 mL and mismatch ratio >1.2 [14]. Mismatch ratio was
defined as (core + penumbra)/core. When core was 0 mL and penumbra
was >0 mL, the ratio was treated as infinite and classified above each
tested ratio threshold; when both core and penumbra were 0 mL, the
ratio was treated as undefined and classified as no mismatch for
threshold tabulation. DAWN-style clinical-core mismatch classification
applied only the age-, NIHSS- and core-volume thresholds derived from
the original trial: core <21 mL for age >80 years with NIHSS >10, core
<31 mL for age <80 years with NIHSS 10-19, and core <51 mL for age
<80 years with NIHSS >20 [15].
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2.5. Clinical data and statistical analysis

Clinical variables included age, sex, admission National Institutes of
Health Stroke Scale (NIHSS), treatment with intravenous thrombolysis
or endovascular thrombectomy, final diagnosis and discharge modified
Rankin Scale (mRS). Denominators are reported where data were
missing.

Agreement for LVO detection was summarised using positive percent
agreement, negative percent agreement, overall percent agreement and
Cohen’s kappa with 95% confidence intervals. These metrics describe
agreement with a single expert comparator rather than diagnostic ac-
curacy against a definitive angiographic or consensus reference
standard.

Paired CTP volumes were compared using paired t-tests for mean
differences and Wilcoxon signed-rank tests as sensitivity analyses. Me-
dian and interquartile range (IQR) values are reported alongside means.
Pearson and Spearman correlations, two-way mixed-effects absolute-
agreement intraclass correlation coefficients (ICC) and Bland-Altman
limits of agreement were calculated. Proportional bias was assessed by
regressing the difference on the mean of paired measurements. The
quality-controlled cohort excluding five documented technically
compromised studies was the primary perfusion analysis; all 201 paired
outputs were examined as a sensitivity analysis. Centre/scanner het-
erogeneity was assessed descriptively and using Brown-Forsythe tests
for differences in variance, Welch tests for mean difference and Mann-
Whitney tests for distributional differences. Scanner and centre effects
could not be separated because each scanner was used at only one
centre. Sensitivity analyses used log;p(volume + 1) to accommodate
zero-valued measurements. Bland-Altman differences on the trans-
formed scale were calculated as log;o(Cercare volume + 1) — logyo(Vi-
trea volume + 1); the mean difference and 95% limits of agreement were
then back-transformed and reported as ratios of (Cercare volume + 1) to
(Vitrea volume + 1), rather than as simple raw-volume ratios.

For CMRO,, Spearman correlation was the primary measure because
threshold volumes were non-normally distributed; Pearson r is reported
only descriptively where relevant. Associations with discharge mRS
were assessed using Spearman correlation. The CMRO, analyses were
exploratory and hypothesis-generating; no primary CMRO; endpoint
was prespecified and no adjustment for multiple comparisons was
applied. Reported CMROs, p values are therefore unadjusted and should
be interpreted descriptively. Kappa and ICC confidence intervals were
estimated by bootstrap resampling (1000 iterations).

Statistical analyses were performed using R version 4.3.2 (R Foun-
dation for Statistical Computing, Vienna, Austria) with packages irr,
BlandAltmanLeh and boot. Treatment classifications and threshold
cross-tabulations were regenerated from the raw age, NIHSS, core and
penumbra variables in the locked dataset rather than from legacy
derived flags. Two-tailed p < 0.05 was considered significant.

3. Results
3.1. Patient characteristics

Baseline characteristics are summarised in Table 1. Mean age was
70.8 + 13.5 years and 116/214 patients (54.2%) were male. Median
admission NIHSS was 11 (IQR 6-18; n = 207), and median onset-to-scan
time was 4.4 h (IQR 2.2-10.4; n = 212). Final diagnosis was ischaemic
stroke in 179/213 patients (84.0%) and stroke mimic in 34/213
(16.0%).

Intravenous thrombolysis was recorded in 95/183 patients (51.9%)
and endovascular thrombectomy in 36/173 (20.8%). Discharge mRS
was available in 177 patients; 80/177 (45.2%) had mRS 0-2 and 106/
177 (59.9%) had mRS 0-3.
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Table 1
Baseline patient characteristics (n = 214).

Characteristic Value

Age, years, mean + SD
Male sex
Scanner make

70.8 +£13.5 (n = 214)

116/214 (54.2%)

GE 108/214 (50.5%); Toshiba 106/214
(49.5%)

62/202 (30.7%)

4.4(2.2-10.4), n = 212

Wake-up stroke

Onset-to-scan time, hours, median
(IQR)

Scan within 6 h

Admission NIHSS, median (IQR)

Final diagnosis of ischaemic stroke

Received intravenous thrombolysis

Received endovascular
thrombectomy

Discharge mRS 0-2

Discharge mRS 0-3

131/214 (61.2%)
11 (6-18), n = 207
179/213 (84.0%)
95/183 (51.9%)
36/173 (20.8%)

80/177 (45.2%)
106/177 (59.9%)

NIHSS, National Institutes of Health Stroke Scale; IQR, interquartile range; mRS,
modified Rankin Scale; SD, standard deviation. Denominators reflect available
data.

3.2. LVO detection

In 162 CTA datasets, the neuroradiologist identified LVO in 62
(38.3%) and Cercare in 68 (42.0%). Cercare agreed with 51/62
neuroradiologist-positive cases and 83/100 neuroradiologist-negative
cases, giving positive percent agreement of 82.3% (95% CI
71.0-89.8), negative percent agreement of 83.0% (74.5-89.1), overall
agreement of 82.7% and substantial agreement (kappa = 0.641; 95% CI
0.510-0.755; Table 2).

Discordant cases comprised 11 false-negative and 17 false-positive
Cercare outputs relative to neuroradiologist interpretation. A descrip-
tive analysis of discordant cases by vessel segment and centre/scanner is
provided in Supplementary Table S1. Among neuroradiologist-positive
LVO cases, occlusion location was M1 in 44, internal carotid artery in
10 and M2 in 8.

In a sensitivity analysis restricted to complete occlusions (excluding
7 cases classified as high-grade stenosis rather than complete occlusion),
positive percent agreement was 83.6% (46/55), negative percent
agreement remained 83.0% (83/100), and kappa was 0.654
(Supplementary Table S2).

3.3. Perfusion agreement

The quality-controlled primary CTP analysis included 196 patients
after excluding five studies with documented technical compromise.
Mean core volumes were 22.1 + 45.9 mL for Vitrea and 19.7 + 43.3 mL
for Cercare (paired t-test p = 0.051; Wilcoxon p = 0.917). Median core
volumes were 3.88 mL (IQR 0.08-27.45) and 4.70 mL (IQR 0.01-21.62),

Table 2
Agreement of Cercare Al with expert neuroradiologist for LVO detection (n =
162).

Metric

Value (95% CI)

Positive percent
agreement
Negative percent
agreement
Overall agreement
Cohen's kappa
Cross-tabulation

82.3% (71.0-89.8)
83.0% (74.5-89.1)

82.7% (76.2-87.8)

0.641 (0.510-0.755)

Neuroradiologist positive/Cercare positive = 51;
neuroradiologist negative/Cercare positive = 17;
neuroradiologist positive/Cercare negative = 11;
neuroradiologist negative/Cercare negative = 83

CI, confidence interval; LVO, large vessel occlusion. Metrics reflect agreement
with a single consultant neuroradiologist comparator rather than diagnostic
accuracy against angiographic confirmation.
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respectively. Correlation was strong by Pearson analysis (r = 0.933) and
Spearman analysis remained p = 0.811. Absolute agreement was high
(ICC = 0.930; bootstrap 95% CI 0.818-0.967). The mean difference was
— 2.3 mL (Cercare minus Vitrea), with limits of agreement from — 34.7
to 30.1 mL (Figs. 2 and 3). Proportional bias was present (p = 0.029).

Mean penumbra volumes were 59.6 + 73.8 mL for Vitrea and 64.6 +
91.6 mL for Cercare (paired t-test p = 0.168; Wilcoxon p = 0.067);
medians were 32.73 mL (IQR 3.74-95.07) and 40.10 mL (IQR
4.73-88.76), respectively. Pearson correlation was r = 0.832, Spearman
correlation was p = 0.806 and ICC was 0.812 (bootstrap 95% CI
0.748-0.881). The mean difference was 5.0 mL and limits of agreement
were —94.6 to 104.7 mL. Proportional bias remained present (p <
0.001). In the all-output sensitivity analysis (n = 201), inclusion of the
five technically compromised studies widened the limits of agreement to
—90.5 to 86.4 mL for core and — 191.4 to 219.5 mL for penumbra, with
ICCs of 0.665 and 0.610, respectively (Supplementary Table S4).

Threshold-based reclassification in the quality-controlled cohort
showed discordance in 17/196 patients (8.7%) at core >50 mL, 5/196
(2.6%) at core >70 mL and 5/196 (2.6%) at core >100 mL. Discordance
occurred in 38/196 patients (19.4%) at each mismatch-ratio threshold
of >1.2, >1.4 and >1.8, and in 25/196 (12.8%) at absolute mismatch
volume >10 mL (Table 3). Independent recalculation confirmed the
identical ratio-threshold counts because every finite ratio exceeded
2.00; differences were driven by platform-specific zero-core values.
Separate 2 x 2 tables and ratio distributions are provided in
Supplementary Table S5A.

A logig(volume + 1) sensitivity analysis used transformed differ-
ences defined as log;o(Cercare volume + 1) — log;o(Vitrea volume + 1).
The back-transformed mean difference and 95% limits of agreement,
reported as ratios of (Cercare volume + 1) to (Vitrea volume + 1), are
provided in Supplementary Table S5B.

3.4. CMRO; analysis

In exploratory, hypothesis-generating analyses, CMRO, volumes
showed strong cross-platform Spearman correlations with Vitrea core (p
= 0.758-0.787) and, as expected for within-platform outputs, stronger
correlations with Cercare core (p = 0.842-0.846; Table 4). CMRO>, also
correlated moderately with discharge mRS (p = 0.390-0.401; n = 166;
Fig. 4). No primary CMRO5 endpoint was prespecified and no multi-
plicity correction was applied. Table 5.

In a further exploratory, hypothesis-generating analysis of software-
defined large core (>70 mL), CMRO, threshold volumes showed high
discrimination, with AUCs of 0.921-0.936 for Vitrea-defined large core
and 0.945-0.959 for Cercare-defined large core (Fig. 5). These analyses
use software-derived core volume rather than follow-up infarct volume
as the reference and should therefore be interpreted as technical asso-
ciation rather than clinical validation.

All correlations p < 0.001; reported p values are unadjusted. The
CMRO; analyses were exploratory and hypothesis-generating, with no
prespecified primary endpoint or correction for multiple comparisons.
AUC analyses used software-defined core >70 mL as a technical refer-
ence and are exploratory.

3.5. Treatment-classification agreement

The quality-controlled treatment-classification analysis included 65
neuroradiologist-confirmed LVO patients with complete paired perfu-
sion outputs after exclusion of studies 176 and 182 for documented
technical compromise. This cohort was drawn from all neuroradiologist-
positive cases rather than from the 162-patient CTA agreement cohort.

For EXTEND-IA-style imaging mismatch, agreement was 93.8% (61/
65; kappa = 0.818, bootstrap 95% CI 0.618-0.959). For DAWN-style
clinical-core mismatch classification, agreement was 87.7% (57/65;
kappa = 0.748, bootstrap 95% CI 0.567-0.900). Discordant treatment
classifications arose through a combination of modest threshold



K. Chatterjee et al.

Journal of Clinical Neuroscience 154 (2026) 112299

A. Core volume (quality-controlled n = 196)

Mean differenge -2.3 mL
95% LoA -34.7 to 30.1 mL
40 T [
__________________ D e
o
~ 201 o .
£ &
- °_ o
g o °8 ..,
e ° °
> ..'.O. ° N
204 “®eo °
E L]
© 1y
% i T e
& —40+ . o
° o
e [ ]
_60 -
[ ]
[
-80 1 .
0 100 200 300 400
Mean of Vitrea and Cercare volumes (mL)
B. Penumbra volume (quality-controlled n = 196)
Mean difference 5.0 mL °
400 9 95% LoA -94.6 to 104.7 mL
300 A
o
E 2001
g . °
£ I
| & °
(] 0 O \ bt
© i @’ 'o$ -
5 COR
O _1004+---- e e
& o
—200 A
[
—-300 T T T T T T T
0 100 200 300 400 500 600

Mean of Vitrea and Cercare volumes (mL)

Fig. 2. Quality-controlled Bland-Altman agreement analysis for (A) core volume and (B) penumbra volume (n = 196). Differences were calculated as Cercare minus

Vitrea; dashed lines show 95% limits of agreement.

crossings and substantial between-platform differences in estimated
core volume. One of the largest disagreements in the all-output analysis
occurred in a study with documented technical processing failure. The
all-output sensitivity analysis in 67 patients yielded agreement of 92.5%
and 88.1%, respectively; study 182 contributed one additional EXTEND-
IA-style disagreement and had documented Vitrea VOF construction
failure (Supplementary Table S3).

3.6. Centre/scanner-stratified analysis

Centre/scanner-stratified CTA analysis showed no statistically sig-
nificant difference in LVO agreement between the GE centre (n = 69)
and Toshiba centre (n = 93; kappa 0.553 versus 0.707; p = 0.21). In the
quality-controlled CTP cohort, core limits of agreement were — 25.7 to
27.5 mL at the GE centre (n = 104) and — 42.7 to 30.8 mL at the Toshiba
centre (n = 92); penumbra limits were — 88.1 to 87.5 mL and — 99.8 to
121.9 mlL, respectively. Core difference variance remained heteroge-
neous after quality-control exclusions (Brown-Forsythe p = 0.017),
whereas penumbra difference variance did not (p = 0.655). Because
each scanner was used at only one centre, scanner, acquisition and local

processing effects were completely confounded (Supplementary
Table S4).

4. Discussion and conclusion
4.1. Principal findings

In this dual-centre retrospective study, Cercare showed substantial
agreement with neuroradiologist interpretation for CTA LVO detection.
Patient-level audit identified that technical quality materially affected
CTP agreement estimates: exclusion of five documented technically
compromised studies substantially narrowed limits of agreement and
increased ICCs. Nevertheless, residual limits remained clinically rele-
vant, particularly for penumbra and threshold-based classification.
CMRO; volumes showed strong cross-platform rank-based associations
with Vitrea-derived core and moderate association with discharge mRS,
but these findings remain exploratory and hypothesis-generating.
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Fig. 3. Quality-controlled correlation analysis for (A) core volume and (B) penumbra volume (n = 196). The dashed line is the line of identity and the solid line is the

fitted regression line.
4.2. LVO detection

Cercare showed positive percent agreement of 82.3% and negative
percent agreement of 83.0% with expert neuroradiologist interpreta-
tion. These values describe agreement with a single expert reader rather
than diagnostic accuracy against a definitive standard. Any potential
role in prioritising image review requires prospective workflow evalu-
ation, because this study did not assess alert time, reporting time,
transfer time, treatment delay or patient-level workflow benefit.

However, the 11 false-negative and 17 false-positive cases emphasise
that Al should support, not replace, expert image review. False negatives
are clinically important because missed LVO may delay transfer or
thrombectomy assessment, whereas false positives may trigger unnec-
essary escalation. A descriptive analysis of discordant cases by vessel
segment and centre/scanner is provided in Supplementary Table S1;
formal blinded adjudication of artefact pattern, stenosis grade and
collateral status was not performed.

Because the comparator was a single neuroradiologist rather than
consensus interpretation or angiographic confirmation, these results

should be interpreted as agreement with one expert reader rather than
definitive diagnostic accuracy. CTA interpretation also has recognised
observer variability in suspected acute ischaemic stroke [19]. Future
validation should include consensus or angiographic reference stan-
dards and structured adjudication of discordant cases by vessel segment,
image quality and artefact pattern.

4.3. Perfusion analysis

For core and penumbra volumes, correlation coefficients suggested
that both platforms broadly tracked between-patient variation. The
quality-controlled analysis showed high core ICC and moderate-to-high
penumbra ICC, but Bland-Altman limits remained wide enough to affect
individual decisions. This distinction is important: good correlation does
not establish interchangeability. The all-output analysis further
demonstrated that a small number of technically compromised studies
can markedly widen limits of agreement and reduce ICCs.

Because no follow-up infarct-volume reference standard was avail-
able, this study cannot determine whether either software package more
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Table 3
Threshold-based reclassification analysis in the quality-controlled paired CTP
cohort (n = 196).

Threshold Discordant cases, Direction of discordance
n (%)
Core >50 mL 17 (8.7%) Vitrea >50, Cercare <50: 8; Vitrea
<50, Cercare >50: 9
Core >70 mL 5 (2.6%) Vitrea >70, Cercare <70: 4; Vitrea
<70, Cercare >70: 1
Core >100 mL 5 (2.6%) Vitrea >100, Cercare <100: 5;

Vitrea <100, Cercare >100: 0
Vitrea >1.2, Cercare <1.2: 17;
Vitrea <1.2, Cercare >1.2: 21
Vitrea >1.4, Cercare <1.4: 17;
Vitrea <1.4, Cercare >1.4: 21
Vitrea >1.8, Cercare <1.8: 17;
Vitrea <1.8, Cercare >1.8: 21
Vitrea >10, Cercare <10: 10; Vitrea
<10, Cercare >10: 15

Vitrea >15, Cercare <15: 11; Vitrea
<15, Cercare >15: 20

Vitrea >50, Cercare <50: 11; Vitrea
<50, Cercare >50: 18

Mismatch ratio >1.2 38 (19.4%)

Mismatch ratio >1.4 38 (19.4%)

Mismatch ratio >1.8 38 (19.4%)
Absolute mismatch
volume >10 mL
Absolute mismatch
volume >15 mL
Absolute mismatch
volume >50 mL

25 (12.8%)

31 (15.8%)

29 (14.8%)

accurately estimates true infarct core. The analysis evaluates agreement
between software outputs, not biological accuracy.
The observed variability is likely to reflect differences in perfusion

Table 4
CMRO, correlations with perfusion-derived core volumes and discharge mRS.
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modelling and, importantly, different core definitions: Vitrea used an
rCBV <40% threshold whereas Cercare used rCBF <30%. This makes the
comparison pragmatic rather than algorithmically harmonised: it eval-
uates whether the outputs available to clinicians in routine workflow
can be substituted for each other, not whether the platforms are
measuring the same biological quantity. Penumbra estimates may be
even more sensitive to such differences because they depend on both
Tmax-defined hypoperfusion and subtraction of estimated core. This
may explain why penumbra limits of agreement were wider than those
for core, and why modest proportional bias was observed for penumbra
volumes.

Treatment-classification discordance arose through a mixture of
modest threshold crossings and substantial between-platform core-vol-
ume differences. Examples included 31.72 versus 84.29 mL and 111.15
versus 32.77 mL in quality-controlled cases. The technically compro-
mised all-output case with core estimates of 226.00 versus 29.63 mL
contributed an additional EXTEND-IA-style disagreement and was
excluded from the quality-controlled primary analysis. Threshold
reclassification remained evident after quality control, including 2.6%
discordance at the core >70 mL threshold and 19.4% at mismatch-ratio
thresholds. These findings support reviewing automated maps with
source imaging and clinical context, particularly when platform outputs
differ materially. The five documented compromised cases and the basis
for their exclusion are detailed in Supplementary Table S6.

CMRO, threshold Vitrea core p (95% CI) Cercare core p (95% CI) Discharge mRS p (95% CI) AUC: Vitrea core >70 mL AUC: Cercare core >70 mL
CMRO, <0.20 0.758 (0.692-0.811) 0.845 (0.801-0.881) 0.390 (0.253-0.512) 0.921 0.945
CMRO, <0.26 0.771 (0.708-0.821) 0.846 (0.801-0.881) 0.396 (0.259-0.517) 0.930 0.957
CMRO, <0.32 0.782 (0.722-0.831) 0.843 (0.798-0.879) 0.401 (0.265-0.521) 0.933 0.955
CMRO, <0.38 0.787 (0.728-0.835) 0.842 (0.796-0.878) 0.397 (0.261-0.518) 0.936 0.959
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Fig. 4. Exploratory, hypothesis-generating CMRO, analysis. (A) Distribution of CMRO, threshold volumes. (B) Association between CMRO, <0.26 vol and

discharge mRS.

Table 5
Agreement for treatment classification in the quality-controlled cohort (n = 65).

Criterion Software  Meets classification, n (%)  Agreement,n (%)  Kappa (95% CI) Cross-tabulation™
EXTEND-IA-style imaging Vitrea 50/65 (76.9%) 61/65 (93.8%) 0.818 No/No = 12; No/Yes = 3; Yes/No = 1; Yes/Yes = 49
mismatch (0.618-0.959)
Cercare 52/65 (80.0%)
DAWN-style clinical-core mismatch Vitrea 29/65 (44.6%) 57/65 (87.7%) 0.748 No/No = 34; No/Yes = 2; Yes/No = 6; Yes/Yes = 23
(0.567-0.900)
Cercare 25/65 (38.5%)

" Cross-tabulation cells are Vitrea/Cercare classification counts. Analysis includes neuroradiologist-confirmed LVO patients with complete paired perfusion outputs
after exclusion of two documented technically compromised studies. DAWN-style classification applied age-, NIHSS- and core-volume thresholds only and does not

represent full DAWN trial eligibility. CI, confidence interval.
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Vitrea core >=70 mL
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Fig. 5. Exploratory, hypothesis-generating ROC curves for CMRO, threshold volumes predicting software-defined large core volume (>70 mL) using Vitrea-derived

and Cercare-derived core volumes as technical references.

4.4. CMRO>

CMRO,, threshold volumes correlated with both Cercare and Vitrea
core volumes and with discharge mRS, providing hypothesis-generating
evidence of biological plausibility as a marker of metabolically
compromised tissue. This is plausible because oxygen metabolism is
closely related to irreversible tissue injury, and recent CT perfusion work
has evaluated CMROs-derived thresholds against DWI infarct core [20].
The within-platform correlations are expected, as both measures share
the Cercare processing pipeline, and they support internal consistency
rather than independent validation. The more informative finding is the
cross-platform correlation with Vitrea core, which provides preliminary
evidence that CMRO;, tracks a signal detectable across different perfu-
sion platforms.

The association with discharge mRS is encouraging but should be
interpreted cautiously. Discharge outcome is influenced by baseline
stroke severity, reperfusion treatment, comorbidity, complications and
rehabilitation destination, and is not equivalent to the conventional 90-
day functional endpoint. The CMRO, analysis should therefore be
considered exploratory and hypothesis-generating rather than confir-
matory. Future studies should compare CMRO, with follow-up infarct
volume, reperfusion status and longer-term functional outcome before
clinical thresholds are adopted.

4.5. Clinical Implications and limitations

The present study assessed agreement between imaging outputs and
did not measure alert time, reporting time, transfer time, treatment
delay or patient outcome attributable to software use. The findings
should therefore not be interpreted as evidence of workflow benefit or
clinical utility. Quality control should precede interpretation of auto-
mated maps, and software-specific outputs should be reviewed together
with source imaging, clinical severity, time from onset and treatment
feasibility [21,22]. Local validation remains important when acquisition
and processing workflows differ.

This study evaluates agreement rather than diagnostic accuracy.
Limitations include the retrospective design, use of a single neuroradi-
ologist comparator without consensus adjudication or angiographic
confirmation, incomplete data for some variables, differing sample sizes
across analyses and absence of validation against final infarct volume.
Supplementary Table S1 provides only a descriptive breakdown of
discordant LVO cases by recorded vessel segment and centre/scanner.
Image quality, artefact pattern, CTA phase or timing, collateral status,
stenosis grade, follow-up imaging and treatment confirmation were not
systematically reassessed. The technical-quality analysis relied on
existing case-review notes rather than a new blinded source-image
adjudication. Although the initial Vitrea AIF and/or VOF curve was
manually adjusted in 41/214 cases (19.2%), a centre-specific

breakdown and detailed adjustment logs were not available. Off-site
Cercare processing was performed by a Cercare Medical ApS employee
whose role was limited to automated image processing and who had no
access to clinical data or the neuroradiologist's interpretation. For study
182, the stored Cercare penumbra value of 1414.68 mL could not be
independently verified against source maps, segmentation masks,
acquisition coverage or units; this technically compromised case was
excluded from the quality-controlled analysis and retained only in the
all-output sensitivity analysis.

The study compared two real-world software workflows rather than
harmonised research pipelines. Centre and scanner were completely
confounded, and the observed heterogeneity cannot be attributed
independently to scanner manufacturer. Both CTP protocols used two-
slab coverage of the basal ganglia and centrum semiovale; limited z-
axis coverage may have underestimated infarcts extending beyond these
regions.

Confidence intervals for ICCs are wide, and multiple exploratory
CMRO; analyses were performed without correction. No primary
endpoint was prespecified for the CMRO; analysis. Discharge mRS was
used rather than 90-day mRS, and the CMRO,, findings are exploratory
and hypothesis-generating rather than confirmatory. No formal fairness
or demographic subgroup analysis was undertaken. Prospective studies
should include consensus or angiographic LVO standards, follow-up
imaging, longer-term outcomes and assessment of workflow impact.

4.6. Conclusion

Cercare Al showed substantial agreement with expert neuroradiol-
ogist interpretation for LVO detection, noting that this reflects agree-
ment with a single reader rather than diagnostic accuracy against
angiographic confirmation. Quality control materially improved CTP
agreement estimates, but residual individual-patient variability and
threshold reclassification indicate that Cercare and Vitrea outputs
should not be treated as interchangeable. The DAWN-derived analysis
represents age-, NIHSS- and core-volume threshold classification rather
than full DAWN trial eligibility. CMRO, showed exploratory,
hypothesis-generating cross-platform associations with Vitrea-derived
core volume and discharge mRS, but prospective validation against
follow-up infarct imaging, reperfusion status and 90-day outcome is
required.
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