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Objectives: This study aimed to evaluate whether the "weekend effect” would
affect the time metrics and the prognosis of acute ischemic stroke (AIS)
patients who underwent endovascular treatment (EVT) due to basilar artery
occlusion (BAO).

Methods: Clinical data of AlS patients who underwent EVT due to BAO between
December 2019 and July 2023 were retrospectively analyzed. At the time when
the patients were admitted, the study population was divided into the weekdays
daytime group and weekends nighttime group. In the subgroup analysis, the
study cohort was divided into four groups: the weekdays daytime group,
weekdays nighttime group, weekend daytime group, and weekend nighttime
group. A good outcome was defined as a modified Rankin Scale score of <3
at 90 days after EVT. Time metrics [e.g. onset-to-door time (ODT) and door-to-
puncture time (DPT)] and clinical outcomes were compared using appropriate
statistical methods.

Results: A total of 111 patients (88 male patients, mean age, 67.7 &+ 11.7 years)
were included. Of these, 37 patients were treated during weekdays daytime,
while 74 patients were treated during nights or weekends. There were no
statistically significant differences in ODT (P = 0.136), DPT (P = 0.931), and also
clinical outcomes (P = 0.826) between the two groups. Similarly, we found no
significant differences in the time metrics and clinical outcomes among the four
sub-groups (all P > 0.05).

Conclusion: This study did not reveal any influence of the "weekend effect” on
the time metrics and clinical outcomes in AlS patients who underwent EVT due
to BAO at a comprehensive stroke center.

KEYWORDS

acute ischemic stroke, basilar artery occlusion, endovascular treatment, weekend effect,
comprehensive stroke center

Introduction

Basilar artery occlusion (BAO) accounts for 1% of all acute ischemic stroke
(AIS) cases and 5% of AIS due to large vessel occlusion (LVO) (1). It is a
devastating sub-type of AIS with an extremely poor prognosis. In addition to
its proven superiority over the best medical management in both real-world
studies and randomized controlled trials, endovascular treatment (EVT) has
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become an important strategy for treating patients with BAO (1-
7). However, as indicated in previous studies, the proportion of
patients achieving functional independence at 90 days after EVT
is <40%, even if the occluded artery is successfully recanalized
(1, 3). Therefore, clarifying the variables associated with the clinical
outcome is crucial for the doctor-patient communication and the
establishment of a reasonable treatment strategy.

The “weekend effect”, which was defined as an increased rate
of worse outcomes and mortality for hospitalization occurring
on weekends or nighttime vs. weekdays, attracts increasing
attention (8). It is presumably due to fewer in-hospital personnel
and resources during off-hours. Previously, the influence of the
“weekend effect” on the clinical outcomes after EVT has been
studied sporadically in patients with AIS and mainly in the anterior
circulation (8-12). Potts et al. have reported that the door-to-
groin times were delayed in patients presenting on the weekends
nighttime group compared to weekdays; however, the incidence of
symptomatic intracerebral hemorrhage and 90-day good functional
outcomes did not differ between the two groups (8). Similarly, Lin
et al. found that it took longer during non-working hours than
working hours in door-to-image times and door-to-groin puncture
times. The change in the National Institute of Health Stroke Scale
(NIHSS) scores in 24h was potentially better in the working-
hour group than in the non-working-hour group (9). However, the
influence of the working time on the clinical outcomes of patients
with BAO after EVT has not been explored until now.

Therefore, the purpose of this study is to explore whether
the “weekend effect” existed and its potential influence on the
procedural metrics and outcomes of patients with BAO after EVT.

Methods

Patient selection

This retrospective study was approved by the institutional
review board of our institution. The requirement for written
informed consent was waived. We searched for all the patients
with posterior circulation AIS who received EVT from December
2019 to July 2023 in our stroke database. Inclusion criteria were as
follows: patients (1) whose ages were >18 years old, (2) with stroke
due to occlusion of BAO, (3) with onset-to-door time (ODT) was
<24h, (4) with baseline modified Rankin Scale (mRS) scores of 0—
2,and (5) on whom EVT was performed. We excluded the patients
according to the following criteria: patients (1) with baseline
mRS scores of >3, (2) with a combination of anterior circulation
stroke, and (3) with incomplete clinical data (e.g., 90-day mRS or
time metrics).

Patients group

Nighttime was defined as the time interval between 6:00
p-m. and 8:00 a.m., while daytime was defined as the remaining
hours (12). Weekdays were defined from Monday to Friday, while
weekends were defined as Saturday and Sunday (8). Therefore,
our study population was divided into four groups according to
the time when the patients were admitted into our stroke center:
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the weekdays daytime group, weekdays nighttime group, weekend
daytime group, and weekend nighttime group. After combining
the latter three groups, our study cohort was also divided into
two groups, namely, the weekdays daytime group and weekends
nighttime group.

Clinical variables

Demographic and clinical data were collected from the database
of our stroke center. The following stroke-related risk factors
were identified: age, sex, hypertension, hyperlipidemia, diabetes,
smoking, and atrial fibrillation. Baseline characteristics, including
ODT, door-to-puncture time (DPT), NIHSS score at admission
(NIHSSpre), NIHSS at 24h after EVT (NIHSS,4p), intravenous
tissue-type plasminogen activator (IV tPA) performed or not,
recanalization status, hemorrhagic transformation (HT) status, and
patients outcome, were also collected. Successful recanalization was
assessed by using the modified Treatment in Cerebral Infarction
(mTICI) scale and defined as mTICI 2b-3 (13). HT was evaluated
based on the follow-up CT, where high density persisting in the
infarcted area without rapid disappearance was defined as an HT.
Good outcomes were defined as an mRS score of <3 at 90 days after
treatment (14).

Image evaluation and endovascular
treatment

One 128-section multi-detector CT scanner (Optima CT 660;
GE Healthcare) was used to perform CT scans. Standard non-
contrast computed tomography (NCCT) (120 kV, 100-350 auto-
mAs, contiguous 5-mm axial sections) and whole-brain volumetric
CT perfusion (CTP) scan would be performed for evaluating
the patients with AIS. CTP parameters were as follows: four-
dimensional adaptive spiral mode, periodic spiral approach, 80 mm
in z-coverage, 100 kVp, 200 mAs, rotation time of 0.4s, 0.984
maximum pitch, and 5mm thickness. A total of 50 ml of non-
ionic iodinated contrast (Iopromide, Ultravist 370, Bayer Schering
Pharma) was administered intravenously at 5 ml/sex by using a
power injector, followed by 30 ml of saline at the same rate. The
total acquisition time was 53s. Simulated CTA images with a
section thickness of 0.625 mm were reconstructed from the peak
arterial phase of CTP data for assessing whether an occlusion of
BAO existed or not.

EVT was performed using the method reported in a previous
study (13). Briefly, EVT was carried out under local anesthesia
or conscious sedation. The Solumbra technique was usually
performed by using a Solitaire FR device (Medtronic, Irvine,
California, USA). If necessary, contact aspiration via a 5F or 6F
distal access catheter (Penumbra, Alameda, California, USA) was
performed. After each intervention, angiography was performed to
evaluate blood flow restoration. For patients with residual stenosis
but acceptable reperfusion, antiplatelet and/or statin medicines
would be suggested. For patients with residual stenosis and insitu
thrombosis, balloon angioplasty and/or stent implantation could
be considered according to the operator s experience. Intra-arterial
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TABLE 1 Patient characteristics.

Variables Number

10.3389/fneur.2024.1413557

TABLE 2 Comparisons between the weekdays daytime and weekends
nighttime groups.

Variables Weekdays Weekends
Male, 1 (%) 88 (79.3%) daytime nighttime
Mean age, y (SD) 67.7 (11.7) (n =37) (n=74)
0, 0
Mean OD'T, min (D) 1332 (3322) Male, 1 (%) 31 (83.8%) 54 (77.0%) 0.466
Mean DPT, min (SD) 126.3 (214.9) Mean age, y (SD) 69.4 £12.0 66.8 £11.6 0.278
M DT, mi 499.8 £ 319. 8+ 4 .1
Mean NIHSSyxc (SD) 21.5(12.8) ean O min 99.8 &+ 319.7 399.8 4+ 335 0.136
(SD)
M NIHSS. SD 19.5 (14.7
can 2 (SD) (14.7) Mean DPT, min 128.8 + 246.5 125.0 + 198.9 0.931
Hypertension, n (%) 77 (69.4%) (SD)
Hyperlipidemia, n (%) 1 (1.8%) Mean NIHSSPre 20.0 +13.3 223+ 12.6 0.385
(SD)
Diabetes, 1 (%) 33(29.7%)
Mean NIHSS,4p 18.1 £ 15.1 20.3 £ 14.5 0.461
Smoker, 7 (%) 14 (12.6%) (SD)
Atrial fibrillation, # (%) 19 (17.1%) Hypertension, n 27 (73.0%) 50 (67.6%) 0.664
(%)
IV tPA, n (%) 32 (28.8%)
Hyperlipidemia, n 0 (0.0%) 2 (2.7%) 0.552
Successful recanalization, n (%) 94 (84.7%) (%)
Hemorrhagic transformation, 7 (%) 26 (23.4%) Diabetes, 1 (%) 8 (21.6%) 25 (33.8%) 0.271
Good outcome, # (%) 33 (29.7%) Smoker, 11 (%) 7 (18.9%) 7(9.5%) 0.224
SD,.standard'deviation; ODT, onset to door time; DP’lj, (%oor to puncture time; NIHSSpre, Atrial fibrillation, 5 (13.5%) 14 (18.9%) 0597
National Institutes of Health Stroke Scale scores at admission; NIHSS,4p,, NIHSS at 24 hours %)
after treatment; IV, intravenous; and tPA, tissue-type plasminogen activator. n indicates the N
patients’ number. Continuous variables were expressed as mean (standard deviation) due to IV tPA, n (%) 6 (16.2%) 26 (35.1%) 0.046
normal distribution, and categorical variables were expressed as numbers (percentages).
Successful 30 (81.1%) 64 (86.5%) 0.577
recanalization, n
) . o (%)
thrombolysis or tirofiban administration would also be used as
. i {V
rescue theraples. Hemorrhagl'c 8(21.6%) 18 (24.3%) 0.816
transformation, n
(%)
g . Good outcome, n 12 (32.4%) 21(28.4%) 0.826
Statistical analysis %)

Statistical analyses were performed using SPSS version 26.0
(IBM Corporation). Continuous variables were presented as mean
=+ standard deviation (SD) or median with interquartile range
(IQR) depending on the distribution of variables. The normality
of the distributions was evaluated using Shapiro-Wilk tests.
Categorical variables were presented as numbers and percentages.
Comparisons of continuous variables between two groups were
performed using independent sample ¢-tests if normally distributed
or using the Mann-Whitney U test if not normally distributed.
Comparisons of continuous variables among four groups were
performed using one-way analysis of variance analyses, followed
by multiple comparisons using least-significant difference or
Tamhans, as appropriate, to identify where the differences lay.
Comparisons of categorical variables were performed using the
Chi-square test or Fisher’s exact test. A two-sided P-value of < 0.05
was considered to be statistically significant.

Results

Patients’ characteristics are detailed in Table 1. Of the 111
patients (88 male patients, mean age, 67.7 =+ 11.7 years
old) finally included, the mean ODT and DPT were 433.2
£ 332.2min and 126.3 £ 214.9min, respectively. A total of
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SD, standard deviation; ODT, onset to door time; DPT, door to puncture time; NIHSSpre,
National Institutes of Health Stroke Scale scores at admission; NIHSS,4p,, NIHSS at 24 hours
after treatment; IV, intravenous; and tPA, tissue-type plasminogen activator. # indicates the
patients’ number. Categorical variables were expressed as numbers (percentages). Continuous
variables were presented as mean (standard deviation) due to normal distribution.

32 patients (28.8%) were administered IV rt-PA before EVT.
Successful recanalization was achieved in 94 (84.7%) patients,
and 33 (29.7%) patients achieved good outcomes at 90 days
after EVT.

A total of 37 patients were treated during weekdays daytime,
and 74 patients were treated during nights or weekends. Table 2
compares the baseline demographics, risk factors, and presenting
characteristics between the two groups. There were no statistically
significant differences in any variables between the two groups
(all P > 0.05), other than that a higher proportion of patients
underwent administration of IV tPA in the weekend nighttime
group (P = 0.046).

To further investigate differences in the time metrics and
outcomes, we divided the cohort into four subgroups, namely,
the weekdays daytime group, weekdays nighttime group, weekend
daytime group, and weekend nighttime group (Table 3). Similarly,
we did not find any significant differences in the demographics,
risk factors, time metrics, and patient outcomes among the four
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TABLE 3 Comparisons among four subgroups.

10.3389/fneur.2024.1413557

Variables Weekdays Weekdays Weekend Weekend P1

daytime (n nighttime daytime (n nighttime

= 37) (n = 44) =17) (n=13)

Male, 11 (%) 31(83.8%) 35 (79.5%) 13 (76.5%) 9 (69.2%) 0776 | 0.707 | 0.420 | >0.999 | 0466 | 0.698 | 0.696
Mean age, y (SD) 69.4 +12.0 665+ 12.1 68.7 £9.4 65.5+12.9 0267 | 0.853 | 0311 | 0.498 | 0.801 | 0.459 | 0.610
Mean ODT, min (SD) 499.8 +319.7 374.5 +338.2 4922+ 377.8 365242615 | 0.092 | 0938 | 0210 | 0215 | 0929 | 0.299 | 0.270
Mean DPT, min (SD) 128.8 +246.5 140.4 + 250.5 972+222 110.3 £ 122.1 0.811 | 0.621 | 0792 | 0489 | 0.662 | 0.871 | 0.905
Mean NIHSS,. (SD) 20.0 +13.3 228+ 12,0 220+ 14.0 20.6+13.8 0328 | 0599 | 0.883 | 0.821 | 0587 | 0.772 | 0.788
Mean NIHSS,4; (SD) 18.1£15.1 215+ 143 21.8+15.1 13.9 £ 14.0 0291 | 0385 | 0380 | 0.947 | 0.102 | 0.146 | 0323
Hypertension, n (%) 27 (73.0%) 30 (68.2%) 13 (76.5%) 7 (53.8%) 0.807 | >0.999 0301 | 0755 | 0.509 | 0.255 | 0.579
Hyperlipidemia, 1 (%) 0 (0.0%) 0 (0.0%) 1(5.9%) 1(7.7%) >0.999 | 0315 | 0260 | 0279 | 0.228 | >0.999 | 0.071
Diabetes, 1 (%) 8 (21.6%) 14 (31.8%) 8 (47.1%) 3(23.1%) 0329 | 0.106 | >0.999| 0373 | 0734 | 0259 | 0279
Smoker, 1 (%) 7 (18.9%) 4(9.1%) 1(5.9%) 2 (15.4%) 0329 | 0411 | >0999| >0.999 | 0.611 | 0.565 | 0.510
Atrial fibrillation, n 5 (13.5%) 6 (13.6%) 4(23.5%) 4(30.8%) >0.999 | 0439 | 0214 | 0444 | 0213 | 0.698 | 0377
(%)
IV tPA, 11 (%) 6 (16.2%) 17 (38.6%) 5 (29.4%) 4(30.8%) 0029 | 0293 | 0420 | 0.565 | 0748 | >0.999  0.162
Successful 30 (81.1%) 38 (86.4%) 14 (812.4%) 12 (92.3%) 0577 | >0.999 | 0.662 | 0.699 | >0.999 | 0.613 | 0.828
recanalization, n (%)
Hemorrhagic 8 (21.6%) 12 (27.3%) 4(23.5%) 2 (15.4%) 0.613 | >0.999  >0.999 | >0.999 | 0484 | 0.672 | 0.876
transformation, n (%)
Good outcome, 7 (%) 12 (32.4%) 12 (27.3%) 4(23.5%) 5 (38.5%) 0.634 | 0749 | 0741 | >0.999| 0499 | 0.443 | 0.799

SD indicates standard deviation; ODT, onset to door time; DPT, door to puncture time; NIHSSpre, National Institutes of Health Stroke Scale scores at admission; NTHSS,4p,, NIHSS at 24 h
after treatment; IV, intravenous; and tPA, tissue-type plasminogen activator. » indicates the patients’ number. Categorical variables were expressed as numbers (%). Continuous variables were
presented as mean (standard deviation) due to normal distribution. P value: comparison among four groups. P1 value: comparison between weekdays daytime vs. weekdays nighttime. P2 value:
comparison between weekdays daytime vs. weekend daytime. P3 value: comparison between weekdays daytime vs weekend nighttime. P4 value: comparison between weekdays nighttime vs.
weekend daytime. P5 value: comparison between weekdays nighttime vs. weekend nighttime. P6 value: comparison between weekend daytime vs. weekend nighttime.

subgroups (all P > 0.05). The differences between ODT, DPT, HT,
and mRS among the four groups are shown in Figure 1.

Discussion

The “Weekend effect” which was termed as a poor outcome
due to fewer in-hospital personnel and resources during off-hours,
had been focused on for several years. Previously, several studies
had tried to explore the potential influence of the “weekend effect”
on the clinical outcomes after EVT in patients with AIS (8-12);
however, these studies mainly focused on stroke due to anterior
circulation LVO. The present study first focused on the potential
influence of working time on the clinical outcomes of patients
with BAO after EVT and found that there were no statistically
significant differences in ODT, DPT, and also clinical outcomes
among groups with different working times. Our study indicated
that the “weekend effect” might not exist in patients with AIS who
underwent EVT due to BAO at a comprehensive stroke center.

Previously, several studies had investigated the potential
existence and influence of the “weekend effect” of EVT on
patients with AIS, especially those due to anterior circulation
LVO (8-12). Mpotsaris et al. reported that the patients admitted
during nighttime and weekends showed statistically prolonged
door-to-reperfusion times; however, it did not affect the rate
of revascularization and favorable outcome (12). This main
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conclusion was also supported by similar studies by Potts et al.
(8), Lin et al. (9), and Omura et al. (10).. They explained that
the outpatient clinics did not provide services, which led to the
patients being crowded into the emergency department during
non-working hours, and subsequently slightly increased door-to-
image times. In addition to that, the team in the comprehensive
stroke center included several specialties (e.g., physician, stroke
neurology, neurointervention surgery, radiologists, and nurses),
and some of them were on-call from home during non-working
hours (9). Prolonged door-to-reperfusion times might be due to
waiting for some specialties on duty during non-working hours.
However, further analysis did not find a significant influence of
increased time intervals on the functional outcome. This might
be due to the wide application of perfusion imaging for patient
selection. An accurate assessment of the “tissue-window” might
offset the influence of a prolonged “time-window” on the functional
outcome (15).

Recently, numerous case series and trials have reported the
efficacy of EVT in patients with AIS due to BAO (1-7, 16). As so
many positive results had been reported, we could expect that the
number of EVTs for treating patients with BAO would significantly
increase. However, the impact of the “weekend effect” on time
metrics and clinical outcomes has not been fully studied to date.
Our study focused on this topic for the first time, and we found
that there were no statistically significant differences in ODT, DPT,
and clinical outcomes between the weekdays daytime group and
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FIGURE 1
Differences of ODT (A), DPT (B), HT (C), and mRS (D) among four groups. ODT, onset-to-door time; DPT, door-to-puncture time; HT, hemorrhagic
transformation; mRS, modified Rankin Scale.

weekends nighttime group and also in further subgroup analysis.
It was not surprising that the difference in clinical outcomes
was not significant, especially because the treatment time window
of posterior circulation stroke was longer than that of anterior
circulation stroke (17). Nevertheless, we also did not observe
a prolonged time metrics in the weekends nighttime group. In
the author’s opinion, it might be due to that center being a
comprehensive stroke center in the academic setting. Our group
included emergency physicians, radiologists, neurointerventional
team, and had 24/7 availability of all personnel involved in the
emergency treatment of AIS. Except for nurses and technicians in
the neurointerventional team, all the other members in our group
were “on-call” in the hospital and not “in-house.” Because our
hospital was an academic unit, the in-hospital residents and fellows
could expedite the treatment process.

There were some limitations to our study. The first limitation
is that this was a retrospective study conducted in a single center
with a relatively small sample size; therefore, the selection bias
was inevitable. The second limitation is our results were specific
to the EVT situation (mostly high-volume stroke centers) and
might differ from other centers with different organizations of acute
stroke therapy.
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In conclusion, based on a retrospective cohort of patients with
AIS due to BAO from a comprehensive stroke center, we did not
observe any differences in time metrics and clinical outcomes after
EVT between the weekdays daytime group and weekend nighttime
group. The “weekend effect” might not exist in patients with BAO
who underwent EVT in a well-organized comprehensive stroke
center. In future, further multiple-center study with larger sample
sizes was warranted to confirm our results.
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