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Abstract

Introduction To investigate the relationship between collaterals and blood–brain barrier (BBB) permeability on
pre-treatment MRI in a cohort of acute ischemic stroke (AIS) patients treated with thrombectomy.

Methods We conducted a retrospective analysis of the HIBISCUS-STROKE cohort, a single-center observational study
that enrolled patients treated with thrombectomy from 2016 to 2022. Dynamic-susceptibility MRIs were post-
processed to generate K2 maps with arrival-time correction, which were co-registered with apparent diffusion
coefficient (ADC) maps. The 90th percentile of K2 was extracted from the infarct core—defined by an
ADC ≤ 620 × 10−6 mm2/s with manual adjustments—and expressed as a percentage change compared to the
contralateral white matter. Collaterals were assessed using pre-thrombectomy digital subtraction arteriography with
an ASITN/SIR score < 3 defining poor collaterals.

Results Out of 249 enrolled, 101 (40.6%) were included (median age: 72.0 years, 52.5% of males, median NIHSS score
at admission: 15.0). Patients with poor collaterals (n= 44) had worse NIHSS scores (median: 16.0 vs 13.0, p= 0.04),
larger infarct core volumes (median: 43.7 mL vs 9.5 mL, p < 0.0001), and higher increases in K2 (median: 346.3% vs
152.7%, p= 0.003). They were less likely to achieve successful recanalization (21/44 vs 51/57, p < 0.0001) and
experienced more frequent hemorrhagic transformation (16/44 vs 9/57, p= 0.03). On multiple variable analysis, poor
collaterals were associated with larger infarct cores (odds ratio (OR)= 1.12, 95% confidence interval (CI): [1.07, 1.17],
p < 0.0001) and higher increases in K2 (OR= 6.63, 95% CI: [2.19, 20.08], p= 0.001).

Conclusion Poor collaterals are associated with larger infarct cores and increased BBB permeability at admission MRI.

Clinical relevance statement Poor collaterals are associated with a larger infarct core and increased BBB permeability
at admission MRI of AIS patients treated with thrombectomy. These findings may have translational interests for
extending thrombolytic treatment eligibility and developing neuroprotective strategies.

Key Points
● In AIS, collaterals and BBB disruption have been both linked to hemorrhagic transformation.
● Poor collaterals were associated with larger ischemic cores and increased BBB permeability on pre-treatment MRI.
● These findings could contribute to hemorrhagic transformation risk stratification, thereby refining clinical decision-making for
reperfusion therapies.
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Introduction
In acute ischemic stroke (AIS), cerebral collaterals govern
the pace and severity of cerebral ischemia [1]. They
modulate the velocity of infarct growth, distinguishing
slow and fast progressors [2, 3]. Although their impact on
recanalization remains controversial [4], a post-hoc ana-
lysis of the DAWN trial indicated that good collaterals
were associated with better 3-month outcomes after
mechanical thrombectomy [1]. Conversely, poor col-
laterals have been linked to higher rates of hemorrhagic
transformation [5, 6].
The disruption of the blood–brain barrier (BBB) is a

critical phase in the pathophysiological response of the
brain to ischemia [7]. Far from being a mere byproduct of
ischemia, BBB breakdown is also a primary contributor to
the extent of ischemic damage [8]. It is associated with a
neuroinflammatory response that promotes vasogenic
edema, hemorrhagic transformation, and subsequently,
poorer functional outcomes [9–13].
Although a significant increase in BBB permeability is

presumed to explain the correlation observed between
poor collateral status and higher rates of hemorrhagic
transformation [14], the direct interplay between cere-
bral collaterals and BBB permeability remains under-
explored, especially in patients treated with mechanical
thrombectomy.
The primary objective of this study was to investigate

the relationship between the status of cerebral collaterals
and BBB permeability on pre-treatment MRI in a cohort
of AIS patients treated with thrombectomy. The second-
ary objective was to assess factors associated with futile
recanalization.

Methods
Study design and cohort
This was a retrospective analysis of the HIBISCUS-
STROKE cohort (cohort of patients to identify biological
and imaging markers of cardiovascular outcomes in
stroke; NCT: 03149705), an observational prospective and
single-center cohort study conducted from October
2016 to October 2022. This cohort included AIS
patients treated with thrombectomy because of anterior
circulation occlusion after MRI triage. Baseline data
including the National Institute of Health Stroke Scale
(NIHSS) score and pre-stroke modified Rankin Score
(mRS) were collected at admission by board-certified
neurologists. Eligible patients were also treated with
intravenous thrombolysis after admission to MRI.
Following thrombectomy, successful recanalization was
defined by a modified treatment in cerebral infarction
score ≥ 2B. On day 1, patients systematically underwent a
brain CT scan to detect any potential hemorrhagic
transformation, graded according to the European

Cooperative Acute Stroke Study II classification [15]. A
follow-up MRI was further performed on day 6. Func-
tional outcome was evaluated using the 3-month mRs
during a face-to-face visit with a stroke neurologist. In
patients achieving successful thrombectomy, recanaliza-
tion was considered futile if 3-month mRs were ≥ 3.
The inclusion criterion required the availability

of admission dynamic susceptibility contrast (DSC)-
MRI. The exclusion criterion was a poor quality pre-
thrombectomy digital subtraction angiography (DSA)
due to motion artifacts or inadequate opacification,
which hindered the evaluation of the collateral status
according to the American Society of Interventional and
Therapeutic Neuroradiology/Society of Interventional
Radiology (ASITN/SIR) grading system.

Neuroimaging and post-processing
Admission MRIs were performed with 1.5-Tesla or
3-Tesla Ingenia scanners (Philips Healthcare, Best, The
Netherlands). They comprised axial diffusion-weighted
imaging (DWI), axial T2-gradient echo, axial T2-Fluid
attenuated inversion recovery (T2-FLAIR), 3D-time-of-
flight, contrast-enhanced MR angiography, and dynamic-
susceptibility contrast MRI (DSC-MRI). For DSC-MRI, a
bolus of contrast agent (Dotarem, Guerbet, Aulnay-sous-
Bois, France) was injected at a standard dose of 0.1mmol/kg
at 4mL/s, followed by 20mL of saline solution.
Day-6 MRI included an axial T2-FLAIR MRI.
The technical MRI parameters of DWI, DSC-MRI, and

T2-FLAIR are provided in Table 1.

Quantification of the volumes of infarct core and ischemic
penumbra at admission
Quantification and delineation of the infarct core masks
were conducted with a semi-automated technique
(3D Slicer, https://www.slicer.org/) by an expert (THC, a
stroke neurologist with 17 years of experience, including
2 years fellowship in neuroradiology), who was blinded
to clinical data. DWI abnormalities were segmented
using a region-of-interest thresholding (apparent diffu-
sion coefficient (ADC) ≤ 620 × 10−6 mm2/s), with man-
ual corrections when required [16]. More specifically,
the regions included in the ischemic core by automatic
thresholding (ADC ≤ 620 × 10−6 mm2/s) but without
DWI signal abnormality were removed.
For estimating the volume of the ischemic penumbra,

DSC-MRIs were post-processed using a fully automatic
MR software package (RAPID®, iSchemaView Inc, Menlo
Park, USA) to generate time-to-maximum (Tmax) maps.
Briefly, this software uses a delay-insensitive deconvolu-
tion algorithm with an automatic selection of arterial
input functions. The volume of the ischemic penumbra
was quantified by calculating the absolute difference in
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volume in regions exhibiting Tmax ≥ 6 s and those with
ADC ≤ 620 × 10−6 mm2/s.

Quantification of BBB permeability
In DSC-MRI, the contrast agent induces a reduction in
signal intensity (T2* effect) with the initial passage of
gadolinium, which then slowly reverts to the baseline
level. When the BBB is permeable, leakage of the contrast
agent causes an increase in signal intensity (T1 shine-
through effect) and a more rapid return to baseline level.
The leakage of contrast during this initial passage can be
modeled using K2 [17].
BBB permeability was evaluated using K2 maps, pro-

duced with a pre-commercial version of OleaSphere (Olea
Medical, La Ciotat, France). The generation of K2 maps
employed the arrival time correction methodology pro-
posed by Leigh et al [18]. This approach is based on the
original leakage correction method proposed by Boxer-
man et al [17], which corrects relaxivity time curves from
contrast extravasation based on the whole-brain average
relaxivity time curves in non-enhancing voxels. The
arrival time correction includes two additional parameters
that model temporal delay and dispersion between the
signal of a voxel to be corrected and the average signal
used to perform the leakage correction [18].
Subsequently, we performed registration of K2 maps

onto ADC maps through a non-linear and voxel-
based process using advanced normalization tools [19].
A diffeomorphism-based algorithm for normalization
including 28 million degrees of freedom was used [19].
The 90th percentiles of the K2 values were extracted
from the masks of the infarct core and expressed as a
percentage change relative to the normal-appearing
contralateral white matter, as previously proposed [12].
A high increase in K2 was defined by an increase
exceeding the median value.

Assessment of cerebral collateral circulation
Pre-thrombectomy digital subtraction arteriography was
collaboratively reviewed by two experts (T.H.C. and
O.E.) and collaterals were graded according to the

ASITN/SIR score. Collaterals were categorized as poor if
the ASITN/SIR score was < 3. In cases of motion arti-
facts and cessation of DSA acquisitions prior to the late
capillary phase, the ASITN/SIR score was considered
not assessable.

Quantification of final infarct volume
After a non-linear registration of day 6 T2-FLAIR onto
admission DWI, the final infarct volume was segmented
visually by an expert (T.H.C.).

Statistical analysis
Continuous variables are reported as means (standard
deviation) or medians (interquartile range [IQR]) according
to their distributions, and categorical variables as percen-
tages. Medians were compared using the Mann–Whitney
test and percentages were compared with the Chi-square
test or Fischer exact test.
To investigate the factors associated with poor collaterals,

univariate and multiple-variable logistic regressions were
performed. The multiple variable models included covari-
ates with a p < 0.1 at univariable analyses and others
selected a priori independent of their univariate p-value
hypothesized as causal (baseline NIHSS score, infarct core
volume, and time interval from symptoms onset to MRI).
Therefore, it was adjusted for baseline NIHSS score, time
from symptoms onset to MRI, infarct core volume, and
change in K2.
In patients achieving successful recanalization, univariate

and multiple variable logistic regressions were conducted
to investigate the factors associated with futile recanaliza-
tion. The multiple variable models included covariates
with a p < 0.1 at univariable analyses. Therefore, it was
adjusted for baseline NIHSS score, a high increase in K2,
and hemorrhagic transformation.
The validity of the models was confirmed through

standard diagnostics, including residual analysis, variance
inflation factor for multicollinearity, Cook’s distance for
influential cases, and the Box-Tidwell test for linearity in
the logit. All statistical analyses were performed using
R software, version 4.2.2 (R Foundation for Statistical

Table 1 Technical MRI parameters

1.5-T MRI 3-T MRI

DWI DSC-MRI T2-FLAIR DWI DSC-MRI T2-FLAIR

TR/TE (ms) 2893/66 2326/40 9000/120 3327/72 2042/25 8000/111

Slice thickness (mm) 5.0 5.0 5.0 3.5 5.0 4.5

Matrix 152 × 152 212 × 129 236 × 236 152 × 122 244 × 227 232 × 232

FOV (mm²) 230 × 230 212 × 129 230 × 230 230 × 230 230 × 230 230 × 230

DWI diffusion-weighted imaging, DSC dynamic susceptibility contrast, T2-FLAIR T2-fluid-attenuated inversion recovery, TR time of repetition, TE time of emission,
FOV field of view
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Computing, Vienna, Austria), with a significance thresh-
old established at a two-tailed p-value < 0.05.

Results
Study population
Out of the 249 participants enrolled from October 2016 to
October 2022, 101 (40.6%) participants were included.
One hundred forty-eight subjects were excluded due to
unavailable admission DSC-MRI (n= 92) and poor-
quality pre-thrombectomy DSA (n= 56). The study
flowchart is provided in Fig. 1.
The study population comprised 53 (52.5%) males, with

a median age of 72.0 years (IQR: [58.0, 85.0]). Upon
admission, the initial NIHSS score averaged 14.5 (IQR:
[8.0, 19.0]). The median volume of the infarct core volume
was 17.5 mL (IQR: [6.9, 43.3]). The median time from
symptoms onset to MRI was 95.0 min (IQR: [76.0, 126.0]).
In the whole study population, the median ASITN/SIR
score was 3.0 (IQR: [2.0, 3.0]) and the median change in
K2 was 152.7% (IQR: [53.8, 427.5]). In 81/101 (80.2%)
patients achieving successful thrombectomy, recanaliza-
tion was considered futile in 25/81 (30.9%).

Descriptive statistics
Forty-four (51.6%) subjects had poor collaterals.
Compared to patients with good collaterals, those with
poor collaterals had worse NIHSS scores (median: 16.0,
IQR: [12.8, 19.3] vs 13.0, IQR: [8.0, 18.0], p= 0.04), larger
infarct cores (median: 43.7mL, IQR: [28.0, 66.5] vs 9.5mL,
IQR: [5.0, 17.5], p < 0.0001) and higher increases in K2
(median: 346.3%, IQR: [64.9, 6955.5] vs 121.7%, IQR: [46.9,
201.7], p= 0.003) at admission. Figure 2 presents boxplots
of increases in K2 expressed in a decimal logarithmic scale
according to the status of cerebral collaterals. Patients with
poor collaterals were less likely to achieve successful reca-
nalization (21/44 vs 51/57, p= 0.004) and were more likely

to experience hemorrhagic transformation (16/44 vs 9/57,
p= 0.02). At follow-up, they had larger final infarct
volumes (median: 48.9, IQR: [28.0, 71.3] vs 9.6, IQR: [5.0,
17.5], p < 0.0001) and poorer 3-month mRS (median: 2.0,
IQR: [2.0, 3.0] vs 2.0, IQR: [1.0, 3.0], p= 0.004). The volume
of the penumbra was not statistically different according to
collateral status (p= 0.23). A very low correlation between
penumbra volume and an increase in K2 was observed
(Pearson coefficient=−0.19, p= 0.08).
Table 2 provides clinical and radiological findings

according to the status of cerebral collaterals. In patients
with a high increase in K2, there was a trend for a higher rate
of hemorrhagic transformation (17/51 vs 8/50, p= 0.07).
Figure 3 presents examples of K2 in patients with good and
poor collaterals.
In patients achieving successful thrombectomy, those

experiencing futile recanalization were more likely to have
a high increase in K2 (17/25 vs 23/56, p= 0.045), but not
to have poor collaterals (12/25 vs 18/56, p= 0.26).

Multiple variable logistic regression of factors associated
with the status of cerebral collaterals
In univariable analysis, poor collaterals were associated
with a higher baseline NIHSS score (odds ratio (OR) =
1.02, 95% confidence interval (CI): [1.01, 1.06], p= 0.02), a
larger infarct core volume (OR= 1.12, 95% CI: [1.09, 1.15],
p < 0.0001) and a higher increase in K2 (OR= 3.17, 95% CI:
[1.80, 5.56], p < 0.0001). Multiple variable logistic regres-
sion indicated that poor collaterals were independently

Fig. 1 Flow-Chart of the study population. ASITN/SIR, American Society of
Interventional and Therapeutic Neuroradiology/Society of Interventional
Radiology; DSC, dynamic-susceptibility contrast

Fig. 2 Boxplot illustrating the increase in K2 based on cerebral collateral
status. Patients with poor collaterals exhibited higher increases in K2
compared to those with good collaterals, although notable dispersion
was observed. The thick black bar indicates the median and the box
borders the first and third quartiles
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associated with a larger infarct core volume (OR= 1.12,
95% CI: [1.07, 1.17], p < 0.0001) and a higher increase in K2
(OR= 6.63, 95% CI: [2.19, 20.08], p= 0.001). Unadjusted
and adjusted OR are provided in Table 3.

Multiple variable logistic regression of factors associated
with futile recanalization
Univariable analysis indicated that futile recanalization
was associated with a higher baseline NIHSS score
(OR= 1.02, 95% CI: [1.01, 1.04], p= 0.008), a high
increase in K2 (OR= 1.26, 95% CI: [1.04, 1.53],
p= 0.03), and hemorrhagic transformation (OR= 1.06,

95% CI: [1.06, 1.26], p= 0.002). In multiple variable ana-
lysis, futile recanalization remained associated with a higher
baseline NIHSS score (OR= 1.02, 95% CI: [1.01, 1.03],
p= 0.004) and hemorrhagic transformation (OR= 1.14,
95% CI: [1.05, 1.24], p= 0.003), but not with a high increase
in K2 (OR= 1.14, 95% CI: [0.94, 1.37], p= 0.19).

Discussion
Our primary finding is that poor collaterals were inde-
pendently associated with larger infarct core volumes and
greater increases in BBB permeability in AIS patients
treated with thrombectomy.

Table 2 Descriptive analyses of the study population according to the status of cerebral collaterals

Study population

(n= 101)

Good collaterals

(n= 57)

Poor collaterals (n= 44) p-value

Clinical characteristics

Age, median [IQR] (years) 72.0 [58.0; 85.0] 73.0 [61.0; 85.0] 71.5 [55.0; 85.0] 0.66

Male sex, n (%) 53 (52.5) 28 (49.1) 25 (56.8) 0.44

Hypertension, n (%) 48 (47.5) 28 (49.1) 20 (45.5) 0.87

Diabetes, n (%) 15 (14.9) 11 (19.3) 4 (9.1) 0.25

Tobacco, n (%) 31 (30.7) 17 (29.8) 14 (31.8) 0.99

Dyslipidemia, n (%) 18 (17.8) 12 (21.1) 6 (13.6) 0.48

Time from symptoms onset to MRI (min), median

[IQR] (a)

95.0 [76.0; 131.0] 96.0 [69.5; 134.0] 92.5 [80.3; 126.0] 0.95

Baseline mRS, median [IQR] 0.0 [0.0; 0.0] 0.0 [0.0; 0.0] 0.0 [0.0; 0.0] 0.69

Baseline NIHSS score, median [IQR] 15.0 [10.0, 18.0] 13.0 [8.0; 18.0] 16.0 [12.8; 19.3] 0.04

Neuroimaging characteristics

Occlusion site

ICA terminus 7 (6.9) 3 (5.3) 4 (9.1) 0.70

M1 segment 72 (71.3) 42 (73.4) 30 (68.2) 0.71

M2 segment 22 (21.8) 12 (21.1) 10 (22.7) 0.99

Baseline infarct core volume (mL), median [IQR] 19.9 [7.4; 37.3] 9.5 [5.0; 17.5] 43.7 [28.0; 66.5] < 0.0001

Penumbra volume (mL), median [IQR] 14.7 [5.3; 34.5] 15.7 [8.3; 27.9] 13.6 [0.9; 49.5] 0.23

Change in K2 (%), median [IQR] 152.7 [53.8; 427.5] 121.7 [46.9; 201.7] 346.3 [64.9; 6955.5] 0.003

AWMRC ≥ 2, n (%) 83 (82.2) 50 (87.7) 33 (75.0) 0.16

Microbleeds, n (%) 12 (11.9) 7 (12.3) 5 (11.4) 0.99

Outcome

Intravenous thrombolysis, n (%) 55 (54.5) 30 (52.6) 25 (56.8) 0.83

Successful recanalization, n (%) 72 (71.3) 51 (89.5) 21 (47.7) < 0.0001

Hemorrhagic Transformation, n (%) 25 (24.8) 9 (15.8) 16 (36.4) 0.03

HI-1 10 (9.9) 4 (7.0) 6 (13.6) 0.32

HI-2 10 (9.9) 2 (3.5) 8 (18.2) 0.02

PH-1 2 (1.9) 1 (1.8) 1 (2.3) –

PH-2 0 (0.0) 0 (0.0) 0 (0.0) –

SAH 3 (2.9) 2 (3.5) 1 (2.3) –

Final infarct volume (mL), median [IQR] (b) 25.4 [8.1; 34.9] 9.6 [5.0; 17.5] 48.9 [28.0; 71.3] < 0.0001

Three-months mRS 2.0 [1.0; 3.0] 2.0 [1.0; 3.0] 2.0 [2.0; 3.0] 0.004

a: 30 Unknown values
b: 7 Missing values
AWMRC age-related white matter-related changes, ICA internal carotid artery, IQR interquartile range, mTICI modified treatment in cerebral infarction, mRS modified
Rankin score, NIHSS National Institute of Health Stroke Scale
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Identifying factors associated with BBB disruption may
potentially contribute to risk stratification of hemorrhagic
transformation, which could, in turn, refine clinical
decision-making for reperfusion therapies, potentially
extending thrombolytic treatment eligibility for patients
who are currently excluded [20]. Some authors have sug-
gested that progressive cerebral edema resulting from BBB
dysfunction may result in increased interstitial pressures
and, in turn, increased arteriolar resistance, thereby limit-
ing the recruitment of leptomeningeal collaterals [2,
21, 22]. This mechanism is thought to explain why some
patients with initially good collaterals ultimately present
collateral failure and delayed infarct growth [23, 24].
Therefore, our results may imply that promoting the
integrity of the BBB may also favor the sustainability of
the cerebral collateral flow, or vice-versa. From this per-
spective, two earlier studies from the same cohort showed

that increased matrix metalloproteinase (MMP)-9 levels
were associated with poor collaterals and increased BBB
permeability in patients treated with thrombectomy
[25, 26]. Although experimental data suggest that MMP-9
inhibitors may represent an attractive approach, a clinical
translation is still expected [27, 28].
In a secondary analysis, we observed that futile reca-

nalization was associated with higher baseline NIHSS
scores and hemorrhagic transformation. This finding
suggests that, in patients achieving successful throm-
bectomy, the occurrence of hemorrhagic transformation
rather than BBB permeability influences functional
outcomes. Previous studies have linked hemorrhagic
transformation to both BBB disruption and poor col-
laterals [10, 11, 29, 30], and have shown that a more
severe impairment of cerebral blood flow, as observed in
cases of poor collaterals, results in greater damage to the

Fig. 3 Correlation of K2 to maps at admission and pre-thrombectomy digital subtraction findings. Upper panel: a representative case of a 58-year-old
male patient presenting with an acute sylvian ischemic stroke on DWI (A, B). The symptom onset was 105min, and the admission NIHSS score was 16.
The K2 map (C) revealed increased BBB permeability within the infarct. Pre-thrombectomy digital subtraction arteriography (D) demonstrated occlusion
of the M1 segment of the middle cerebral artery with no visible collaterals to the ischemic site, indicating a poor collateral status. Lower panel: an
illustrative case of a 64-year-old female patient presenting with an acute sylvian ischemic stroke on DWI (E, F). The symptom onset was 92 min, and the
admission NIHSS score was 19. The K2 map (G) did not show a significant increase in BBB permeability within the infarct core (E, F). Pre-thrombectomy
digital subtraction arteriography (D) revealed an occlusion of the M1 segment of the middle cerebral artery with collaterals exhibiting slow but complete
angiographic blood flow to the ischemic bed by the late venous phase, thus indicating good collaterals (H)

Table 3 Multiple variable logistic regression of factors associated with poor collaterals

Crude OR [95% CI] p-value Adjusted OR [95% CI] p-value

NIHSS score (a) 1.02 [1.01; 1.04] 0.02 0.99 [0.97; 1.01] 0.76

Time from symptoms onset (b) 0.98 [0.95; 1.01] 0.36 0.99 [0.96; 1.02] 0.63

Baseline infarct core volume (c) 1.12 [1.09; 1.15] < 0.0001 1.12 [1.07; 1.17] < 0.0001

Increase in K2 (d) 3.17 [1.80; 5.56] < 0.0001 6.63 [2.19; 20.08] 0.001

a: per 1 point increase
b: per 30 min increase
c: per 10 mL increase
d: per 5-percentage point increase
CI confidence interval, OR odds ratio, NIHSS National Institute of Health Stroke Scale
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neurovascular unit [31]. Thus, our results suggest that
BBB permeability might act as a mediator between col-
laterals and hemorrhagic transformation.
Several studies have linked collateral status to the

severity of ischemic injury and subsequent vasogenic
edema [13, 32, 33]. In agreement with our findings,
Heidari et al specifically evaluated AIS patients present-
ing in an extended time window (from 6 to 24 h from
symptoms onset) and observed that patients with favor-
able penumbral profiles had less severe BBB disruption
[34]. Consistent with numerous studies, we found that
patients with poor collateral status had worse baseline
NIHSS scores, a lower rate of successful recanalization,
and a poorer 3-month outcome [29, 30]. In univariate
analysis, we observed a weak association between poor
collaterals and hemorrhagic transformation that was not
found in multivariate analysis. We hypothesize that this
results from the low incidence of parenchymal hemato-
mas in our cohort compared to rates reported in other
clinical trials [35].
We found that patients with good collaterals had lower

core volumes, but not higher penumbra volumes.
In agreement, a previous study that used CT perfusion for
collateral assessment, including 415 AIS patients with
proximal occlusion, reported similar findings [36].
In our cohort, the prevalence of patients with poor

collaterals (43.6%) was more than twice the rate reported
in the DEFUSE-3 trial (25.4%) [37]. This divergence may
likely result from the inclusion criteria of DEFUSE-3,
recruiting patients with a large penumbra-core mismatch,
thereby potentially excluding those rapidly progressing
with poor collaterals [38]. Supporting this hypothesis, a
recent meta-analysis including 2004 patients reported a
prevalence of poor collaterals (45.3%) closer to ours [39].
This study has limitations including its small sample size,

the retrospective mapping of K2, and the exclusion of 56
out of 249 participants due to ASITN/STIR scores not
being assessable. Additionally, we assessed changes in BBB
permeability within the infarct core, defined by an ADC
threshold ≤ 620 × 10−6 mm2/s. Although this threshold is
widely applied, it may not reliably delineate small lesions
[40]. To mitigate potential inaccuracies, we manually
adjusted the region-of-interest thresholding. Furthermore,
while we measured BBB permeability using K2, Ktrans

values obtained from dynamic-contrast enhanced MRI are
considered as more robust [41]. However, this latter is
more time-consuming and may result in delaying reper-
fusion therapies.

Conclusions
In AIS patients treated with thrombectomy, poor col-
laterals are associated with a larger infarct core and
increased BBB permeability at admission MRI.
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