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Introduction: Repeat imaging when regional and remote stroke patients arrive
at a comprehensive stroke center (CSC) can delay endovascular thrombectomy
(EVT). We examined which clinical and imaging parameters predict infarct
progression and perfusion core growth during transport.

Methods: We included patients recruited from 2017 to 2023 in a prospective
database who were transferred from remote sites with large vessel occlusion,
had CT perfusion imaging at the primary stroke center (PSC), and had repeat
CT on arrival at the CSC demonstrating persistent occlusion. The key imaging
characteristics were perfusion core change (rfCBF < 30%) and ASPECTS
change. Multiple and ordinal logistic regression analyses were used to assess
the relationship between background clinical and imaging variables and the
CT-perfusion core and ASPECTS on arrival. DEFUSE 3 criteria (ASPECTS > 6,
perfusion core < 70 mL) were used to define “favorable imaging.”

Results: In 90 patients with CT perfusion at both PSC and CSC and persistent
occlusion, the median time from onset to PSC presentation was 279 min (IQR
143-702). The median time from PSC presentation to CSC arrival was 243.5 min
(IQR 186-335), and the median distance traveled was 186.5km (IQR 101-258).
Lower baseline ASPECTS (per point) was associated with a 7 mL increase (95%Cl
2-11mLl) in perfusion core between scans (p = 0.004). The time from onset, the
time between PSC and CSC, and the distance traveled were not significantly
associated with either ASPECTS or perfusion core growth during transport. In
total, 11 out of 78 patients (14%) had deterioration of initially favorable imaging
profiles during transport.

Conclusion: Perfusion core growth during transport was uncommon and most
strongly associated with lower ASPECTS at the PSC. Initially, favorable PSC
imaging May predict whether repeat imaging is necessary at the CSC.
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Introduction

Early reperfusion with endovascular therapy is of substantial
benefit in ischemic stroke patients with large vessel occlusion (LVO).
Due to geographical challenges, many patients May have delayed
access. Systems must be optimized to improve how endovascular
therapy is provided to patients who are from regional/rural areas
without a local comprehensive (endovascular-capable) stroke center
(CSQC). Different models have been proposed for managing stroke
patients, including direct bypass to the Comprehensive Stroke Center,
the drip-and-ship approach (1), and pre-hospital stroke scoring scales
for triage (2). For remote patients, the drip-and-ship model is the
most appropriate. This approach involves initial imaging performed
at the primary stroke center (PSC). Repeat imaging May be performed
once patients arrive at the CSC due to concern for either infarct
progression or recanalization. It is possible that unnecessary imaging
May contribute to further recanalization delays (3).

Direct to endovascular suite transfer is generally ideal (3, 4).
However, in practice, patients May be reassessed on arrival due to
concerns regarding deterioration or improvement. This is primarily due
to the significant cost and workforce required to activate the
endovascular suite. Despite concerns regarding inter-transport
deterioration, expansion of the ischemic core May be relatively
uncommon (5) and unlikely to result in a patient becoming ineligible for
endovascular therapy (6). In particular, a decline in the Alberta Stroke
Program Early CT Score (ASPECTS) is uncommon in patients with high
baseline ASPECTS and favorable collateral grades (5, 7, 8). Transport
time also appears to have less association with infarct progression (5-7).

The framework of fast and slow infarct progressors has been
understood for decades, but more recently has become a focus with
the longer time windows for reperfusion therapies (9). Fast and slow
progressors are terms that have been used to describe both baseline
collateral status and infarct growth. Hypoperfusion intensity ratio
(HIR) (Tmax > 10s volume/Tmax > 6 s volume) and delay time index
(DT >6/DT >2s) quantify poor collateral flow and are associated with
ischemic core growth (8, 10, 11). It is possible that a longer time to
recanalization has less effect on outcomes in slow progressors (12).

We hypothesized that baseline clinical and imaging variables
would be associated with whether remote patients continued to have
favorable imaging profiles after long transfer (ASPECTS or perfusion
core growth during transport).

Methods
Patients

Patients with LVO who were referred for endovascular therapy to
the Royal Melbourne Hospital between June 2020 and February 2023
were prospectively recorded. Historical data from 2017 to 2020 was
also reviewed for patients who had persistent occlusion on arrival. A
summary of how patients were analyzed has been included in Figure 1.
Data from 18 referral hospitals across Victoria and Tasmania were
included. Multimodal stroke imaging was performed at the primary
stroke center (CTB, CTA, and CTP) as part of a statewide telehealth
protocol (13).

The clinical and imaging data of patients used for this study were
extracted from The Monitoring of Stroke Endovascular Services study
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(MOSES) registry (HREC 2019.060). This registry includes patients
being referred for endovascular thrombectomy (EVT) at the study
center, a significant proportion of whom were transferred from
regional centers. The baseline clinical data included age, sex, National
Institutes of Health Stroke Scale (NIHSS), treatments received,
premorbid modified Rankin Scale (mRS), and time from symptom
onset. All data were collected in compliance with local ethics
committee and institutional guidelines. Patients consented to the
collection of their data. All management of patients (including
whether they had repeat CT perfusion on arrival) was at the discretion
of the treating physicians. Patients who had repeat CT perfusion at the
CSC were considered to have “repeat imaging” for the purpose of this
study. The data from this study are available from the corresponding
author on reasonable request and with appropriate ethical approval.
CT perfusion was analyzed using the commercial software MIStar
(Apollo Medical Imaging Technology, Melbourne, Australia). Automated
maps were generated for delay time (a delay and dispersion corrected
Tmax), cerebral blood flow (CBF), cerebral blood volume (CBV), and
mean transit time (MTT). CTP penumbra was the total volume of delay
time greater than 3s (critical hypoperfusion volume) (14). The delay
time index (DT index) was calculated on the PSC perfusion scan as delay
time > 6 volume divided by delay time >2 volume (11). In patients where
raw perfusion data were unavailable for re-analysis using MIStar,
historical documentation of thresholds was used to ensure that all
patients were included. The ASPECTS evaluation was performed by the
author (MV) with 5years of experience as a stroke physician. DEFUSE
3 protocol (ASPECTS > 6, perfusion core < 70mL, mismatch
volume>15mlL, ratio > 1.8) was used to define “favorable imaging” (15).

Statistics

The primary analysis focused on temporal changes in imaging and
their association with baseline clinical characteristics in patients with
persistent vessel occlusion. The key imaging characteristics were
perfusion core change (CBF <30%) and ASPECTS change in patients
with repeat multimodal imaging (both remote PSC and repeat CSC
imaging). Differences between patients who did and did not receive
repeat imaging were summarized using medians and interquartile
range (IQR). A paired t-test was used to compare the PSC mean
perfusion core to the CSC mean perfusion core. In-table comparisons
were performed using a two-tailed Fisher’s exact test or Mann-
Whitney U test as appropriate.

For patients with persistent occlusion who had repeat CTP, multiple
regression analysis was used to assess the relationship between
background clinical and imaging variables and the presence of perfusion
core on arrival. The dependent variable was set as the absolute change
in perfusion core (CBF <30%) and the independent variables included
were PSC CT ASPECTS, PSC CTP core, PSC CTP penumbra, age, sex,
onset to referral time, transport distance, transport time, NIHSS at
onset, and thrombolysis usage. A further model was used to assess
differences between occlusion types. Homoscedasticity and linearity
were confirmed by plotting a scatter plot of the studentized residuals
against the predicted values. Normality was assessed using a histogram
with a superimposed normal curve and a P-P plot. The independence
of residuals was assessed using the Durbin-Watson statistic.

Ordinal logistic regression was performed to explore associations
with decreased ASPECTS on repeat scans. Change in ASPECTS was
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LVO referred from remote sites for
endovascular therapy 2020-2023
n =228
Repeat Imaging on arrival No repeat imaging on Recanalization
with persistent occlusion arrival (Direct EVT)
n =63 (+27)* n=110 n=55
v \4
Clinical and imaging Demographics, clinical and imaging variables summarized
associations of decreased for comparison.
ASPECTS and increased
Perfusion Core
FIGURE 1
Study summary. *Retrospective cases from 2017 to 2020 identified.

trichotomized into an ordinal dependent variable with three categories:
decreased ASPECTS of 0-1, 2-3, and 4 or more. Independent variables
included were PSC CT ASPECTS, PSC CTP core, PSC CTP penumbra,
DT index, age, sex, onset to referral time, transport distance, transport
time, NIHSS at onset, and thrombolysis usage. The independent
variables were entered using a forward stepwise selection procedure.
Bayesian information criterion (BIC) was used to assess the overall
goodness-of-fit for each model. The assumption of proportional odds
was assessed with full likelihood ratio testing comparing the fit of the
proportional odds to a model with varying location parameters.
Statistics were performed using SPSS.

Results

Between June 2020 and Feb 2023, 228 remote patient transfers
with LVO were referred for EVT. A total of 110 patients did not receive
repeat imaging, 55 had repeat imaging with recanalization, and 63
patients had persistent occlusion on repeat CT perfusion (Figure 1).
In total, 16 (19%) did not have CT perfusion at the PSC. The median
age of transfers was 69 (IQR 58-79), with a NIHSS score of 14 (IQR
8-18), perfusion core of 17mL (IQR 5-40), and penumbra of 96 mL
(IQR 57-138). Clinical and imaging variables have been summarized
in Tables 1, 2. Patients with recanalization during transport have been
summarized in Supplementary Table S1. A total of 27 patients were
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identified from 2017 to 2020 with repeat imaging and persistent LVO
for inclusion in the regression analysis (Supplementary Table S2).

Repeat CTP and persistent occlusion on
arrival

Patients with persistent occlusion had a median initial PSC
perfusion core of 20mL (IQR 3-44mL) and penumbra of 102 mL
(IQR 61-159 mL) (Table 2). The mean increase in perfusion core from
PSC to CSC imaging was 11 mL (95%CI —6 mL to 28 mL, p=0.21). Of
those with initially favorable imaging, 4 out of 78 patients (5.6%) had
an increase in perfusion core above 70 mL during transport. In total,
7 out of 78 (9.0%) patients also had ASPECTS decrease during
transport, resulting in a score less than 6 on repeat scans. When
combined, 11 out of 78 (14%) patients had deterioration of initially
favorable imaging profiles during transport.

Factors associated with perfusion core
growth on repeat CTP

Multiple regression analysis was performed to examine factors

associated with an increase in perfusion core volume. The overall
model (with all independent variables included) fitted with an R? of
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TABLE 1 Clinical variables (transferred patients with persistent occlusion).

Repeat imaging (N = 90)

10.3389/fneur.2024.1476796

Without repeat (N = 110)

Age (IQR), years 70 (60-79) 68 (57-78) 0.74
Male (%), N 43 (48) 60 (55) 0.39
NIHSS at onset (IQR) 14 (8-19) 14 (10-20) 0.42
Onset to referral (IQR), minutes 279 (143-702) 170 (114-367) <0.05
Referral to repeat scan (IQR), minutes 243.5 (186-335) n/a n/a

Distance (IQR), km 186.5 (101-258) 161 (101-214) 0.08
Premorbid MRS 0-1 (%) 84 (93) 105 (95) 0.55
Thrombolysis (%), N 36 (40) 65 (59) 0.01

ECR (%), N 56 (62) 105 (95) <0.01

TABLE 2 Imaging variables (transferred patients with persistent D | SCUsSS | on

occlusion).

Repeat Without = p-value

imaging repeat

(N=90) (N=110)
Occlusion site
M1 (%) 36 (40) 48 (44) 0.67
M2 (%) 14 (16) 9(8) 0.12
ICA (%) 24 (27) 14 (13) 0.02
Tandem (%) 12 (13) 24 (22) 0.14
Basilar/PCA (%) 4(4) 15 (13) 0.03
Remote CT
ASPECTS (IQR) 8 (7-10) 9 (7-10) 0.4
Perfusion core, ml (IQR) 20 (3-44) 20 (8-39) 0.59
Penumbra, ml (IQR) 102 (61-159) 103 (70-138) 0.9
DT index 0.20 (0.12-0.32) n/a
Repeat CT
ASPECTs (IQR) 8(4-9) n/a n/a
Perfusion core, ml (IQR) 17 (4-52)
Penumbra, ml (IQR) 111 (62-173)

11%. ASPECTS was the only variable that significantly added to the
association. A single point reduction in ASPECT'S was associated with
a7mL (95% CI 2-11mL) increase in perfusion core on repeat scans
(p=0.004). Other independent variable relationships are summarized
in Figure 2. There was no difference between occlusion types: MCA,
ICA/Tandem, and posterior circulation (Supplementary Figure S1).

Factors associated with ASPECTS
progression on repeat scan

The final ordinal regression model included the perfusion core
and DT index. The perfusion core and DT index were significantly
associated with ASPECTS progression, }*(2) =15.0, p=<0.001. The
odds of decreasing ASPECTS with perfusion core (1 mL) was 1.02
(95% CI 1.01-1.04) and for DT index was 2.00 (95% CI 0.02-183). A
summary of the perfusion core and DT index vs. ASPECTS increase
is demonstrated in Figure 3.
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The main finding of this study was a 14% rate of inter-transport
deterioration of initially favorable imaging among patients with
persistent large vessel occlusion. Although it was more likely for
patients with longer transport delays to receive repeat imaging, time
and distance traveled were not associated with either ASPECTS or
perfusion core growth during transport. Early lower ASPECTS
scores (<6) were associated with perfusion core growth in patients
with persistent LVO (Supplementary Figure S2). ASPECTS
deterioration was strongly associated with CT perfusion core volume
at the PSC. The association between initial perfusion core volume
and ASPECTS deterioration is best visualized in Figure 3, with the
largest increases (>3 point ASPECTS increase) seen in patients with
initial perfusion core above 50mL. A higher delay time collateral
index (indicating poorer collaterals) was associated with ASPECTS
growth; however, the association was not as strong as the CT
perfusion core.

Given the low rate of inter-transport infarct growth among
patients with ‘favorable’ baseline imaging, the advantages of repeat
assessment May not sufficiently outweigh the overall workflow delays.
Patients transferred from remote regions provide an opportunity for
endovascular laboratories to prepare their staff in advance of the
patient’s arrival. When reassessment is planned, staff preparation May
not occur until the decision to treat, which further compounds
workflow delays. The MR CLEAN Registry (Multicenter Randomized
Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke
in The Netherlands) demonstrated that each hour of delayed
revascularization results in a 5% absolute reduction in the probability
of a good functional outcome (16). Small institutional benefits that
May be incurred by reducing angiography suite activation May
be outweighed by the patient outcome benefits from minimizing
revascularization delays. In addition to patient benefit, a direct-to-
angio strategy May also be cost-effective (17).

Although repeat imaging should generally be minimized, low
ASPECTS and high perfusion core (>50 mL) on remote scan predicted
collateral failure and infarct progression. Interestingly, ASPECTS was
a better predictor of collateral failure than other measures, which May
be due to the negative effects of swelling on leptomeningeal collaterals
(18). This is important due to recent large core trials (19, 20)
demonstrating that endovascular therapy results in improved
outcomes for patients with larger areas of established ischemic change.
With these results being known, it is likely more remote patients will
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Variables Beta  95%Cl P-value
Penumbra (at referral) -0.05  -0.22-0.12  0.524
Perfusion core (at referral) 007 -0.21-0.34 0.633
ASPECTS (at referral) [ ® | -6.54  -2.15-(-11) 0.004
Time from onset to first scan -0.01  -0.03-0.01 0.282
Time travelled 0.02 -0.06-0.11 0.560
NIHSS (presenting) -0.22 -1.37-0.93 0.706
Age 0.42 -0.13-0.96 0.132
Distance travelled 002 -0.04-0.09 0.495
I T T T 1
-12 -8 -4 0 4
< Less core change More core change—>
FIGURE 2
Forest plot. Multiple regression analysis of perfusion core increase. *Variables (HIR, lysis) excluded from the figure due to wide Cl interval. No lysis beta
11 (95%Cl -7 to 28). HIR beta —28 (95%Cl —118 to 58). Time is measured in minutes. Penumbra/core measured in milliliter. Age is measured in years.
Distance in kilometer.

£ 200 :
£ 150
§ 100 °
: 0z, =3
0-1 23 3+
ASPECTS decrease

2.00 (95% C1 0.02-183).

Box and Whisker plot: perfusion core and delay. Time index vs. ASPECTS decrease. Box and Whisker plot summarizes the relationship between initial
primary stroke center (PSC) imaging (perfusion core and delay time index) and the absolute amount of ASPECTS decrease on the repeat scan at the
comprehensive stroke center (CSC). The odds of decreasing ASPECTS with perfusion core (1mL) was 1.02 (95% CI 1.01-1.04) and for DT index was

0.8
T

0.4

1
2-3

ASPECTS decrease

PSC Delay time index

0.0

0-1 3+

be transferred with lower ASPECTS and thus larger cores. Given our
results, as well as others (5-8), patients with lower ASPECTS May
be more suitable for repeat imaging as their collateral profile is more
likely to degrade during transport.

CTP-based DT collateral index or hypoperfusion intensity ratio
has been suggested as a way to triage patients who are remote to the
ECR center to predict whether tissue will remain salvageable (21). In
our patient group, the baseline DT index was associated with
ASPECTS growth. However, the association did not appear to be as
strong as the baseline perfusion core (CBF <30%). The DT index was
higher in those with ASPECTS growth but its association did not
reach statistical significance within the multi-regression model.

Frontiers in Neurology

05

Nonetheless, the overall prediction model performed better with the
addition of the DT index, which suggests that it can be used as a
supplementary measure during initial patient triage [in addition to
ASPECTs and perfusion core (CBF <30%)].

Our findings are generally supported by other literature. Within
an experimental model for collateral failure after 90 min, the initial
degradation of collaterals plateaued (22). Within our study population,
there was no association between perfusion core or ASPECTs growth
and any time-related measure, suggesting that collateral failure is not
a linear time-related process (predominantly occurring in the
prehospital period). Minimal ischemic core expansion over time was
also confirmed in a study of ultra-long transfers for EVT in Australia,
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with similarly low rates of inter-transport collateral deterioration
among patients traveling 300 km+ (23).

Patients who received repeat imaging typically traveled further,
had longer onset to presentation time, ICA occlusion, and less use of
thrombolysis. They were, however, quite similar with regard to age,
premorbid  status, stroke severity, penumbra/core, and
ASPECTS. Although an observational design could be prone to
selection bias, observed similarities between groups are reassuring.
However, this remains a limitation due to other unmeasured variables
involved in physician selection, e.g., frailty. Another limitation is that
all patients in the study were “selected” to be transferred for EVT,
therefore potentially excluding patients with poor collateral circulation
and/or large core at PSC for consideration of referral for EVT. Given
recent large core trials this patient group May be a future area of
interest. Larger, multicenter data would strengthen our findings
further; however, PSC-level perfusion imaging was not widely
performed outside our region.

Conclusion

Repeat multimodal CT after long interhospital transfer
demonstrated a relatively low rate of perfusion core growth among
patients with LVO who had an initially favorable perfusion profile.
Since changes in the CTP profile during transport are uncommon in
the absence of recanalization, the benefit of repeat imaging upon
arrival at the CSC is questionable. It May be more reasonable to
consider repeat imaging only in patients with lower baseline
ASPECTS (<6) or larger CT core (>50mL). The need to repeat
imaging should be weighed with workflow improvements in door-
to-reperfusion times, which are strongly linked to better
patient outcomes.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by (MOSES) registry
(HREC 2019.060). The studies were conducted in accordance with the

References

1. Holodinsky JK, Patel AB, Thornton J, Kamal N, Jewett LR, Kelly PJ, et al. Drip and
ship versus direct to endovascular thrombectomy: the impact of treatment times on
transport decision-making. Eur Stroke J. (2018) 3:126-35. doi: 10.1177/2396987318759362

2. Zhao H, Smith K, Bernard S, Stephenson M, Ma H, Chandra RV, et al. Utility of
severity-based prehospital triage for endovascular thrombectomy: ACT-FAST validation
study. Stroke. (2021) 52:70-9. doi: 10.1161/STROKEAHA.120.031467

3. Sarraj A, Goyal N, Chen M, Grotta JC, Blackburn S, Requena M, et al. Direct to
angiography vs repeated imaging approaches in transferred patients undergoing
endovascular thrombectomy. JAMA Neurol. (2021) 78:916-26. doi: 10.1001/
jamaneurol.2021.1707

4. Galecio-Castillo M, Vivanco-Suarez J, Zevallos CB, Dajles A, Weng ], Farooqui M,
et al. Direct to angiosuite strategy versus standard workflow triage for endovascular

Frontiers in Neurology

10.3389/fneur.2024.1476796

local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

MV: Writing - review & editing, Writing - original draft,
Visualization, Validation, Software, Resources, Project administration,
Methodology, Investigation, Funding acquisition, Formal analysis,
Data curation, Conceptualization. AB: Writing - review & editing,
Supervision, Project administration, Methodology. BY: Writing -
review & editing. SD: Writing — review & editing. BC: Writing -
review & editing. PM: Writing - review & editing. HM: Writing -
review & editing. MP: Writing - review & editing, Supervision, Project
administration, Methodology.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1476796/
full#supplementary-material

therapy: systematic review and meta-analysis. ] Neurointerv Surg. (2023) 15:e17-25. doi:
10.1136/neurintsurg-2022-018895

5. Requena M, Olivé-Gadea M, Boned S, Ramos A, Cardona P, Urra X, et al. Clinical
and neuroimaging criteria to improve the workflow in transfers for endovascular
treatment evaluation. Int J Stroke. (2020) 15:988-94. doi: 10.1177/1747493019874725

6. Mokin M, Gupta R, Guerrero WR, Rose DZ, Burgin WS, Sivakanthan S. ASPECTS
decay during inter-facility transfer in patients with large vessel occlusion strokes. J
Neurointerv Surg. (2016) 9:442—4. doi: 10.1136/neurintsurg-2016-012331

7. Boulouis G, Lauer A, Siddiqui AK, Charidimou A, Regenhardt RW, Viswanathan
A, et al. Clinical imaging factors associated with infarct progression in patients with

ischemic stroke during transfer for mechanical thrombectomy. JAMA Neurol. (2017)
74:1361-7. doi: 10.1001/jamaneurol.2017.2149

frontiersin.org


https://doi.org/10.3389/fneur.2024.1476796
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2024.1476796/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2024.1476796/full#supplementary-material
https://doi.org/10.1177/2396987318759362
https://doi.org/10.1161/STROKEAHA.120.031467
https://doi.org/10.1001/jamaneurol.2021.1707
https://doi.org/10.1001/jamaneurol.2021.1707
https://doi.org/10.1136/neurintsurg-2022-018895
https://doi.org/10.1177/1747493019874725
https://doi.org/10.1136/neurintsurg-2016-012331
https://doi.org/10.1001/jamaneurol.2017.2149

Valente et al.

8. Seners P, Scheldeman L, Christensen S, Mlynash M, Ter Schiphorst A, Arquizan C,
et al. Determinants of infarct core growth during inter-hospital transfer for
thrombectomy. Ann Neurol. (2023) 93:1117-29. doi: 10.1002/ana.26613

9. Rocha M, Jovin TG. Fast versus slow progressors of infarct growth in large vessel
occlusion stroke: clinical and research implications. Stroke. (2017) 48:2621-7. doi:
10.1161/STROKEAHA.117.017673

10. Guenego A, Fahed R, Albers G, Kuraitis G, Sussman E, Martin B, et al.
Hypoperfusion intensity ratio correlates with angiographic collaterals in acute ischaemic
stroke with M1 occlusion. Eur ] Neurol. (2020) 27:864-70. doi: 10.1111/ene.14181

11. Lin L, Chen C, Tian H, Bivard A, Spratt N, Levi CR, et al. Perfusion computed
tomography accurately quantifies collateral flow after acute ischemic stroke. Stroke.
(2020) 51:1006-9. doi: 10.1161/STROKEAHA.119.028284

12. Mohammaden MH, Haussen DC, Pisani L, Al-Bayati AR, Bhatt NR, Jillella
DV, et al. Characterizing fast and slow progressors in anterior circulation large
vessel occlusion strokes. Interv Neuroradiol. (2023) 29:379-85. doi:
10.1177/15910199221083100

13. Victoria SC. Endovascular clot retrieval for acute stroke: statewide service protocol
for Victoria. Victoria State Government (2018).

14.Lin L, Bivard A, Krishnamurthy V, Levi CR, Parsons MW. Whole-brain CT
perfusion to quantify acute ischemic penumbra and core. Radiology. (2016) 279:876-87.
doi: 10.1148/radiol.2015150319

15. Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez S, et al.

Thrombectomy for stroke at 6 to 16 hours with selection by perfusion imaging. N Engl
J Med. (2018) 378:708-18. doi: 10.1056/NEJMoal713973

Frontiers in Neurology

07

10.3389/fneur.2024.1476796

16. Mulder MJ, Jansen IG, Goldhoorn R-JB, Venema E, Chalos V, Compagne KC, et al.
Time to endovascular treatment and outcome in acute ischemic stroke: MR CLEAN registry
results. Circulation. (2018) 138:232-40. doi: 10.1161/CIRCULATIONAHA.117.032600

17. Nguyen CP, Lahr MM, van der Zee D-], van Voorst H, Ribo M, Roos YB, et al.
Cost-effectiveness of direct transfer to angiography suite of patients with suspected large
vessel occlusion. Neurology. (2023) 101:¢1036-45. doi: 10.1212/WNL.0000000000207583

18. Simard JM, Sheth KN, Kimberly WT, Stern BJ, Del Zoppo GJ, Jacobson S, et al.
Glibenclamide in cerebral ischemia and stroke. Neurocrit Care. (2014) 20:319-33. doi:
10.1007/s12028-013-9923-1

19. Sarraj A, Hassan AE, Abraham MG, Ortega-Gutierrez S, Kasner SE, Hussain MS,
et al. Trial of endovascular thrombectomy for large ischemic strokes. N Engl J Med.
(2023) 388:1259-71. doi: 10.1056/NEJMo0a2214403

20. Huo X, Ma G, Tong X, Zhang X, Pan Y, Nguyen TN, et al. Trial of endovascular
therapy for acute ischemic stroke with large infarct. N Engl ] Med. (2023) 388:1272-83.
doi: 10.1056/NEJMoa2213379

21. Campbell BC. Optimal imaging at the primary stroke center. Stroke. (2020)
51:1932-40. doi: 10.1161/STROKEAHA.119.026734

22.Ma ], Ma Y, Shuaib A, Winship IR. Impaired collateral flow in pial arterioles of
aged rats during ischemic stroke. Transl Stroke Res. (2020) 11:243-53. doi: 10.1007/
512975-019-00710-1

23. Garcia-Esperon C, Wu TY, Carraro do Nascimento V, Yan B, Kurunawai C, Kleinig
T, et al. Ultra-long transfers for endovascular Thrombectomy—Mission impossible?: the
Australia-New Zealand experience. Stroke. (2023) 54:151-8. doi: 10.1161/
STROKEAHA.122.040480

frontiersin.org


https://doi.org/10.3389/fneur.2024.1476796
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1002/ana.26613
https://doi.org/10.1161/STROKEAHA.117.017673
https://doi.org/10.1111/ene.14181
https://doi.org/10.1161/STROKEAHA.119.028284
https://doi.org/10.1177/15910199221083100
https://doi.org/10.1148/radiol.2015150319
https://doi.org/10.1056/NEJMoa1713973
https://doi.org/10.1161/CIRCULATIONAHA.117.032600
https://doi.org/10.1212/WNL.0000000000207583
https://doi.org/10.1007/s12028-013-9923-1
https://doi.org/10.1056/NEJMoa2214403
https://doi.org/10.1056/NEJMoa2213379
https://doi.org/10.1161/STROKEAHA.119.026734
https://doi.org/10.1007/s12975-019-00710-1
https://doi.org/10.1007/s12975-019-00710-1
https://doi.org/10.1161/STROKEAHA.122.040480
https://doi.org/10.1161/STROKEAHA.122.040480

	Determinants of infarct progression and perfusion core growth in transferred LVO patients from remote regions
	Introduction
	Methods
	Patients
	Statistics

	Results
	Repeat CTP and persistent occlusion on arrival
	Factors associated with perfusion core growth on repeat CTP
	Factors associated with ASPECTS progression on repeat scan

	Discussion
	Conclusion

	References

