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Abstract

Background: Preclinical stroke models have recently reported faster infarct growth (IG) when
ischemia was induced during daytime. Considering the inverse rest-activity cycles of rodents and
humans, faster IG during the nighttime has been hypothesized in humans.

Methods: We retrospectively evaluated acute ischemic stroke patients with a large vessel
occlusion transferred from a primary to one of three French comprehensive stroke center, with

an MRI obtained at both centers before thrombectomy. Inter-hospital IG rate was calculated as

the difference in infarct volumes on the two diffusion-weighted imaging, divided by the time
elapsed between the two MRIs. |G rate was compared between patients transferred during daytime
(7:00-22:59) and nighttime (23:00-06:59) in multivariable analysis adjusting for occlusion site,
NIHSS score, infarct topography and collateral status.
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Results: Out of the 329 patients screened, 225 patients were included. Inter-hospital transfer
occurred during nighttime in 31 (14%) patients and daytime in 194 (86%). Median inter-hospital
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IG was faster when occurring at night (4.3 mL/hr, IQR 1.2-9.5) as compared to the day (1.4 mL/hr,

IQR 0.4-3.5, £<0.001). In multivariable analysis, nighttime transfer remained independently

associated with 1G rate (/<0.05).

Conclusions: Inter-hospital I1G appeared faster in patients transferred at night. This has potential
implications for the design of neuroprotection trials, and acute stroke workflow.

Graphical Abstract
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INTRODUCTION

In acute ischemic stroke with a large vessel occlusion (LVO), the rate of the irreversibly

injured ischemic brain tissue (“infarct’) growth over time is highly variable across
individuals.2-2 Clarifying the determinants of infarct growth (IG) rate is important to
optimally select patients for trials of neuroprotective therapies, those with fast IG being
more likely to benefit from these promising therapies, as well as for optimizing patient

workflow. Recent studies in rodents found that IG is faster when focal ischemia is induced
during the day, /.e. during their inactive phase.3 Moreover, the neuroprotective treatment
benefits were only seen during their inactive phase.2 Considering the inverse rest-activity

cycles of rodents and humans, faster IG during the nighttime has been hypothesized in

humans. However, whether the time-of-day influences IG in human acute ischemic stroke

with LVO is poorly known.2 Here, we aimed to study whether IG is faster at night.
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METHODS

Our analysis was conducted according to the STROBE criteria for observational studies.
The research was approved by the Rothschild Foundation Hospital review board. Each
patient was informed of her/his participation in the study and was offered the possibility to
withdraw. The data supporting the study findings are available upon reasonable request.

Data Sources

The data were extracted from the Infarct-Growth cohort, for which detailed methods and
main results have been published recently.! Data from acute stroke patients admitted to three
French comprehensive stroke centers that fulfilled the following criteria were retrospectively
collected for the present sub-study: (1) initial admission at a primary stroke center where

a standard-of-care MRI was performed showing an infarct volume <70mL and an anterior
circulation LVO, and (2) subsequent transfer to a comprehensive center where a standard-of-
care MRI was repeated by protocol upon arrival (before thrombectomy), and demonstrated
a stable vascular occlusion (see Supplemental Methods for details). MRI was the routine
first-line imaging technique for acute stroke in all participating primary and comprehensive
stroke centers. Center 1 collected data on all patients, regardless of whether thrombectomy
was attempted following the control MRI, whereas centers 2 and 3 collected thrombectomy-
treated patients only.!

Clinical and Radiological Data

Clinical variables routinely recorded in the acute stroke setting were collected. Time of
transfer was operationally defined as the time of MRI in the primary stroke center, and

was dichotomized into day (7:00-22:59) vsnight (23:00-6:59), with time-epochs decided

a prioribased on the CIRCA network consortium recommendations.* Infarct volumes on
diffusion-weighted imaging (DWI) were manually outlined based on DWI signal intensity
and encompassed the entire area of bright DWI signal intensity. Areas of decreased apparent
diffusion coefficient with subtle DWI signal changes were also segmented. To ensure
unbiased segmentations, infarct on the primary and comprehensive stroke center DWIs
were outlined several days apart, blinded to all clinical and radiological data (including
time-of-day). Inter-hospital IG rate was calculated as the difference in infarct volumes on
the two DWIs studies, divided by the time elapsed between the two MRIs. Collateral

status was evaluated using the hypoperfusion intensity ratio (HIR) on perfusion imaging
whenever available, lower HIR indicating better collaterals.! Details regarding imaging data
are provided in Supplementals Methods.

Statistical Analysis

The association between inter-hospital 1G rate and nighttime was assessed through

B coefficient and its 95% Confidence Interval (Cl), calculated in multivariable linear
regression analysis, with log-transformed IG rate as the dependent variable to keep the linear
assumption valid. Two different multivariable models were constructed, with and without
HIR (see Supplemental Methods).! Two sensitivity analyses were performed: (1) limited to
patients transferred to center 1 (the only center that collected both thrombectomy-treated
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and untreated patients), and (2) with further adjustment on initial infarct volume in the first
multivariable model.>

RESULTS

During the study period, 225 patients met inclusion criteria (Figure 1). Patient characteristics
are detailed in Table. Inter-hospital transfer occurred during the day in 194 (86%) patients,
and at night in 31 (14%). Patients transferred at night had more proximal occlusion

site, larger infarcts in the primary center and higher HIR (/.e. poorer collaterals) but had
otherwise similar baseline characteristics with patients transferred during daytime (Table).

Median primary-to-comprehensive center MRI delay was 3.0 hrs (IQR, 2.6-3.5), and was
similar during daytime (3.0 hrs, IQR 2-7-3.5) and nighttime (2.8 hrs, 2.4-3.2; P=0.08).
Median inter-hospital 1G rate was 1.6 mL/hr (IQR, 0.6-4.6), and was significantly higher
when occurring at night (4.3 mL/hr, IQR 1.2-9.5) as compared to the day (1.4 mL/hr,

IQR 0.4-3.5, £<0.001; Figure 2). Faster IG during nighttime was observed in both the
internal carotid artery (2.2 mL/hr [IQR, 0.7-6.8] during daytime v59.5 mL/hr [IQR,
6.3-12.0] during nighttime, £=0.009) and the M1/M2 (1.3 mL/hr [IQR, 0.4-3.1] during
daytime and 2.0 mL/hr [IQR, 0.7-7.5] during nighttime, P=0.044) occlusion site subgroups.
Nighttime transfer was independently associated with log-transformed inter-hospital IG rate
following adjustment for baseline occlusion site, NIHSS score and infarct topography (p
coefficient=0.17, 95%CI 0.07-0.27, £P=0.001), as well as in the alternative model adjusted
for HIR, occlusion site and infarct topography (n=158 patients with perfusion imaging; p
coefficient=0.11; 95%CI 0.01-0.20, ~=0.033). Similar results were found in the sensitivity
analyses (Supplemental Results).

DISCUSSION

Inter-hospital 1G was faster at night in L\VO-related stroke patients transferred from a
primary to a comprehensive center for thrombectomy. These data expand the recent
observations made in preclinical stroke models to humans,3 and are in line with one previous
study reporting faster early IG at night in LVO-related stroke patients.2 This previous report
studied IG rate based on a single CT-perfusion, defined as baseline infarct volume divided
by onset-to-imaging time. However, this measure was typically imprecise for nighttime
strokes occurring during the sleep since the exact time of symptom onset is unknown.?

The mechanisms underlying faster 1G at night remain to be clarified. Emerging preclinical
literature suggests that the vascular compartment has circadian regulation: oscillations in
resting tone of cerebral arteries display a 24-hour cycle, and blood flow within the penumbra
differs during day and night.3 In line with these preclinical observations, the HIR was
higher —indicating poorer collateral flow— during nighttime in our dataset, which may partly
mediate the effect of time-of-day on IG rate. However, the association during nighttime and
IG rate remained significant after adjustment for HIR, which suggests that other mechanisms
may be involved. For instance, preclinical stroke models have shown that the immune

and inflammatory responses demonstrate a circadian regulation, and blood pressure shows
circadian variation.8
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Our results have implications for the design of neuroprotection trials aiming to limit

IG before recanalization is obtained. Substantial benefits are mostly expected in “fast
progressors’, for whom a large reduction in IG could be achieved with an effective agent.
Recent studies in rodents found that the neuroprotective treatment benefits were only seen
during their inactive phase, 7.e. when 1G was faster.3 The circadian mismatch between
animal models and clinical trials of neuroprotection may partly explain the difficulties in
translating neuroprotection agent effects from the bench into bedside.3:6 Neuroprotection
trials may therefore improve their chance of positive findings if they facilitate nighttime
enrollment, when fast progressors are particularly frequent. Moreover, our data suggest that
reducing time to reperfusion may be particularly important at night, which has implications
for acute stroke workflow.”

This study has limitations. First, the sample size was moderate with only 31 patients
transferred at night. Larger studies are warranted to confirm our findings. Second, selection
biases may have occurred, for instance patients transferred during nighttime may be less
frequently re-scanned with an MRI. Last, unlike center 1, centers 2 and 3 data were only
available from patients treated with thrombectomy, which may have biased the patient
sample. However, the results were similar in the sensitivity analysis limited to center 1.
Considering the above-mentioned limitations, our study should be considered hypothesis
generating.

CONCLUSION

Our findings indicate that inter-hospital 1G appears faster in L\VO-related acute
stroke patients transferred at night. These results have implications for the design of
neuroprotection trials, as well as for optimizing acute stroke workflow.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NON-STANDARD ABBREVIATIONS AND ACRONYMS

DWI diffusion-weighted imaging

HIR hypoperfusion intensity ratio

LVO large vessel occlusion

IG infarct growth
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Acute stroke patients with ICA, M1 or M2 occlusion, transferred from a primary
stroke center for thrombectomy, with control imaging on admission in the
comprehensive center*, N=339

Excluded, N=114

*  Primary or comprehensive center imaging was CT, n=47
* Complete or partial recanalization during transfer, n=45
* Primary center infarct volume >70mL, n=22

Day transfer
7:00-22:59
n=194
v
Included, N=225
+ ( Night transfer
23:00-6:59
n=31

Figure 1. Flow chart
*for centers 2 and 3, data from patients who did not undergo groin puncture was not

available.
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Figure 2. Relationship between I nter-hospital Infarct Growth Rate and Time of Transfer
The box represents the upper and lower quartiles, the short black line within the box

represents the median, the whiskers represent the 5th and 95th percentiles, and the circles
extreme values.
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Table.

Baseline comparison of patients transferred during daytime vs nighttime.

Overall N=225 | Day transfer n=194 | Night transfer n=31 | P value

Age, years 72 (63-81) 73 (63-82) 70 (65-74) 0.24
Male 109 (48%) 90 (46%) 19 (61%) 0.12
Hypertension 147 (65%) 130 (67%) 17 (57%) 0.19
Diabetes 48 (21%) 39 (20%) 9 (29%) 0.26
Clinical data (primary center)
NIHSS score 14 (9-19) 14 (7-19) 15 (10-20) 0.25
Glycemia, g/L 1.20 (1.07-1.43) 1.20 (1.07-1.42) 1.19 (1.08-1.58) 0.71
Intravenous thrombolysis use 122 (54%) 107 (55%) 15 (48%) 0.48
MRI characteristics (primary center)
Last seen well to MRI time, hrs 2.5(1.6-6.1) 2.4 (1.6-6.1) 3.4 (2.2-5.1) 0.29
Occlusion site 0.04

ICA 39 (17%) 29 (15%) 10 (32%)

M1 147 (65%) 132 (68%) 15 (48%)

M2 39 (17%) 33 (17%) 6 (19%)
Core volume, mL 9 (3-19) 8 (2-17) 17 (8-27) <0.01
Hypoperfusion Intensity Ratio ™ 0.33(0.19-0.47) 0.30 (0.17-0.43) 0.47 (0.36-0.53) <0.01
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*
Hypoperfusion Intensity Ratio was available in 158 patients (day transfer, n=136; night transfer, n=22), primarily during the MRI performed at the

comprehensive stroke center (141/165, 89%)
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