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Differences in mechanical
thrombectomy for acute ischemic
stroke on weekdays versus nights/
weekends in a Japanese primary
stroke core center

Naoki Omura, Hiroto Kakita,Yusuke Fukuo, Fuminori Shimizu

Department of Neurosurgery, Seijinkai Shimizu Hospital, Kyoto, Japan

Objective: The term “weekend effect” refers to an increase in the mortality rate for
hospitalizations occurring on weekends versus weekdays. In this study, we investi-
gated whether such an effect exists in patients undergoing mechanical thrombec-
tomy for acute ischemic stroke with large vessel occlusion (currently the standard
treatment for this condition) at a single center in Japan.

Methods: We surveyed 151 patients who underwent mechanical thrombectomy for
acute ischemic stroke with large vessel occlusion (75 and 76 patients were treated
during daytime and nighttime, respectively) from January 2019 to June 2021. The
items evaluated in this analysis were the rate of modified Rankin Scale <2 or pre-
stroke scale, mortality, and procedural treatment time.

Results: The rates of modified Rankin Scale <2 or prestroke scale and mortality at
90 days after treatment did not differ significantly between daytime and nighttime
(41.3% vs. 29.0%, p=0.11; 14.7% vs. 11.8%, p=0.61, respectively). The door-to-groin
time tended to be shorter during daytime versus nighttime (57 [IQR: 42.5—70] min vs.
70 [IQR: 55—82]) min, p=0.0507).

Conclusions: This study did not reveal differences in treatment outcome between
daytime and nighttime in patients undergoing mechanical thrombectomy for acute
ischemic stroke with large vessel occlusion. Therefore, the “weekend effect” was not
observed in our institution.

Keywords Weekend effect, Thrombectomy, Vessel occlusion, Acute ischemic stroke,
Treatment procedure time, Primary stroke core center

INTRODUCTION

Numerous studies have demonstrated that mechanical thrombectomy (MT) is a

very effective treatment and the current standard therapy for acute ischemic stroke
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(AIS) caused by large vessel occlusion (LVQ).”9¥”')"?
The term “weekend effect” refers to an increase in
the mortality rate for hospitalizations occurring on
weekends versus weekdays.” This effect has also been
reported in the field of AIS.”

Recently, studies investigating the potential existence
of the weekend effect with regard to MT for AIS caused
by LVO have been reported.”®*” These studies have
yielded varied results, such as no difference in outcome
between weekdays and weekends,'® higher mortality
rates at nighttime and on weekends,” and better
outcome on weekends.” Considering these findings, the
existence of the weekend effect for MT appears to be
controversial.

In this study, we examined the potential existence of
differences in MT for AIS induced by LVO performed
between daytime and nighttime in a Japanese institution
and compared the results with those reported in other

countries.

MATERIALS AND METHODS

This is a retrospective, single-center study. We eval-
uated patients who underwent MT for LVO from
January 2019 to June 2021. Eligible patients with AIS
were selected based on the current guidelines for MT
established by the American Heart Association/Amer-

17)18

ican Stroke Association."”'¥ This study was approved
by the institutional review board of our institution, and
preoperative consent was obtained from all patients who
participated in the study.

According to the DAWN and DEFFUSE-3 trials,”"
the treatment indication time is 6-24 hours after the
onset. Notably, LVO was diagnosed through computed
tomography angiography (CTA) or magnetic resonance
imaging (MRI) and angiography and was treated without
perfusion imaging. However, some patients transferred
from other hospitals were treated with expanded indi-
cations. Additionally, some patients with Alberta Stroke
Program Early CT score (ASPECTS) or Diffusion
Weighted Imaging-ASPECTS (DWI-ASPECTS) <6 were

treated with expanded indications following a request
from the families of patients. Among those treated with
expanded indications, there were several patients with
prestroke modified Rankin Scale (mRS) >3.

Cases of MT for LVO that occurred in hospital and
during other endovascular treatments were excluded.
The patients included in this study were divided into
a daytime group and a nighttime group. The daytime
group referred to MT performed from 7:00 to 19:00
on weekdays (Monday to Friday), while the nighttime
group referred to MT performed on weekdays from
19:00 to 7:00 the next day, weekends, and holidays.

Our institution is certified as a primary stroke core
center by the Japan Stroke Association and supports
local stroke care. Our neurointervention team during
nighttime consists of two neurosurgeons on duty every
day. Following the decision to perform MT, the on-call
or duty neurointervention physician is called. The prepa-
ration and treatment of LVO is often performed by the
neurointervention physician alone. The night shift nurse
team consists of two nurses until 21:00. After 21:00, an
on-call nurse is called when performing MT. During
this time, MT is prepared by the nurse together with the
nurse managing the night shift (Fig. 1). In our hospital,
the emergency, computed tomography, magnetic reso-
nance imaging, and angiography rooms are adjacent
or facing each other. This minimizes the time required
to move patients between rooms. All procedures were
performed via the transfemoral approach under local
anesthesia. MT for anterior circulation was performed
with a 9-French balloon guiding catheter positioned
within the ipsilateral internal carotid artery (ICA), and
a distal access aspiration catheter and a microcath-
eter were used as appropriate. Collected data included
patient demographics (i.e., age, sex), risk factors and
etiology detected after MT, neurologic examination
using the National Institutes of Health Stroke Scale, use
of intravenous recombinant tissue-type plasminogen
activator (iv rt-PA), obstructed location, and imaging
score (DWI-ASPECTS or ASPECTS) on presentation.
AIS etiology was speculated to be embolus if there was

no stenosis in the lesion reopened by MT, ischemia
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Fig. 1. This figure shows staff to MT during the nighttime zone (White circle: A neurosurgeon and nurse on duty, Black circle: A neurointer-
vention physician, Gray circle: nurse until 21:00, White triangle: A nurse managing the night shift, Black triangle: An on-call nurse). LVO, large

vessel occlusion; MT, mechanical thrombectomy

was observed in the cortex, and atrial fibrillation was
detected on electrocardiogram. Treatment metrics were
also recorded, including door-to-groin, groin-to-reca-
nalization, and door-to-recanalization times, as well
as MT success based on the Thrombolysis In Cerebral
Infarction score at the final angiography. Outcome data,
including 90-day functional outcome (based on the
mRS or prestroke scale) and mortality at 7 and 90 days,
were also collected. In addition, in a subgroup analysis,
the items described above were evaluated in patients
with occluded ICA or M1. Continuous variables were
reported as the median (interquartile range [IQR]).
Univariate statistical analysis was performed using the
Wilcoxon signed-rank test for continuous variables and
the Pearson’s chi-square test for categoric variables. All
statistical analyses were performed using the Microsoft
Excel® 2016 software (USA). In all analyses, p<0.05
denoted statistically significant differences.

RESULTS

Patient demographics

A total of 154 MT procedures were performed during
the study period. There were two patients with in-hos-
pital onset and one patient with intraoperative embo-
lism; these patients were excluded from the analysis. Of
the remaining 151 patients, 75 and 76 patients under-
went MT during daytime and nighttime, respectively.
Table 1 shows the baseline demographics, stroke risk
factors and etiology, occluded vessels, and transfer cases
of the daytime and nighttime groups. In this study, there
were significantly fewer male patients in the daytime
group compared with the nighttime group (44% vs.
61.8%, respectively, p=0.028). No difference in the rate
of using iv rt-PA was observed between the two groups
(25.3% vs. 30.2%, respectively, p=0.49).

The proportion of patients with diabetes mellitus or
dyslipidemia was higher in the daytime group compared
with the nighttime group (27% vs. 7.9%, p=0.002;
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Table 1. Univariate analysis of the characteristics of patients who underwent mechanical thrombectomy during daytime and nighttime

All time(N=151) Daytime(N=75) Nighttime(N=76) p-value
Median Age (IQR) 79(72-85) 78(71-85.5) 79(72-85) 0.54
Men, n(%) 80(52.9%) 33(44%) 47(61.8%) 0.028
Median NIHSS (IQR) 17.5(12-24) 16.5(9.25-21) 18(12-25) 0.12
Imaging modality, n(%)
MRI 122(80.8%) 58(77.3%) 64(84.2%) 0.28
CTA 45(29.8%) 27(36%) 18(23.7%) 0.1
Both MRI and CT, n(%) 16(10.6%) 10(13.3%) 6(7.9%) 0.28
Median DWI-ASPECTS (IQR) 8(6-9) 8(69) 7(6-8.25) 0.071
Median ASPECTS (IQR) 10(8-10) 10(7.25-10) 9.5(8-10) 0.73
Prestroke MRS =2, n(%) 132(87.4%) 63(84%) 69(90.7%) 0.21
iv-tPA, n(%) 42(27.8%) 19(25.3%) 23(30.2%) 0.49
Stroke risk factors and etiology, n(%)
Hypertension 80(53.0%) 45(60%) 35(46.1%) 0.08
Diabetes mellitus 26(17.2%) 20(27%) 6(7.9%) 0.002
Dyslipidemia 31(20.5%) 21(28%) 10(13.2%) 0.024
Previous stroke 21(13.9%) 11(15%) 10(13.2%) 0.79
Caused by embolus 118(78.1%) 60(80%) 58(76.3%) 0.58
Occluded vessel, n(%)
ICA 48(31.6%) 23(30.7%) 25(32.9%) 0.769
M1 65(42.8%) 35(46.6%) 29(38.2%) 0.29
M2 29(19.1%) 16(18.7%) 15(19.7%) 0.81
ACA 1(0.7%) 0(0%) 1(1.3%) 0.32
Posterior circulation 9(5.9%) 3(4%) 6(7.9%) 0.31
Transfer from other hospital, n(%) 31(20.3%) 19(25.3%) 12(15.8%) 0.15

Categoric variables are expressed as number (%), and continuous variables, as median (IQR). NIHSS, National Institutes of Health Stroke Scale; MRI, mag-
netic resonance imaging; CTA, computed tomography angiography; DWI-ASPECTS, Diffusion Weighted Imaging-Alberta Stroke Program Early CT Score;

mRS, modified Rankin Scale; ICA, internal carotid artery

28% vs. 13.2%, p=0.024, respectively). There was no
significant difference between the two time periods in
DWI-ASPECTS. However, the score tended to be higher
in the daytime group versus the nighttime group (8 [IQR:
6-9] vs. 7 [IQR: 6-8.25], respectively, p=0.071).

Treatment procedure times and postoperative
functional outcomes

Table 2 shows treatment procedure times and postop-

erative functional outcomes. The door-to-groin time
tended to be shorter in the daytime group than in the
nighttime group, and the difference was slightly not
statistically significant (57 [IQR: 42.5-70] vs. 70 [IQR:
55-82] min, respectively, p=0.0507). Other procedural
times, final angiography, post treatment outcome,
and mortality at 7 and 90 days did not differ between
daytime and nighttime. Of the 9 deaths occurred within

7 days after M T, 4 were due to brain swelling after exten-
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Table 2. Procedural times and functional outcomes

All time(N=151) Daytime(N=75) Nighttime(N=76) p-value
Door-to-groin, min (IQR) 60(45.5-78.5) 57(42.5-70) 70(55-82) 0.0507
Groin-to-recanalization, min (IQR) 57(34-84) 54(34-83) 60(35.25-84.25) 0.61
Door-to-recanalization, min (IQR) 120(86.5-152) 120(87.5-140) 128.5(86.25-159) 0.53
Final TICI =2b, n(%) 123(80.9%) 62(82.7%) 61(30.2%) 07
90-day mRS score =2 or prestroke scale, n(%) 53(34.9%) 37(41.3%) 22(29.0%) 0.11
Mortality at 7 days, n(%) 9(6.0%) 6(8.0%) 3(3.9%) 0.29
Mortality at 90 days, n(%) 20(13.2%) 11(14.7%) 9(11.8%) 0.61

mRS, modified Rankin Scale

sive cerebral infarction such that 1 each for brainstem
infarction, hemorrhagic infarction, acute heart failure,

infection, and subarachnoid hemorrhage during MT.

Subgroup analysis

Table 3 indicates the profile and procedural time, final
angiography, and postoperative outcome of treated
patients with occluded ICA or M1. This subgroup anal-
ysis included 110 patients (54 and 56 patients from the
daytime group and nighttime group, respectively). The
rate of patients with diabetes mellitus was higher in the
daytime group than the nighttime group (28.6% vs. 3.7%,
respectively, p=0.0004). Other patient profiles did not
differ between the two groups. In this subgroup analysis,
the door-to-groin time was significantly shorter in the
former group than the latter group (54 [IQR: 40.75-64]
vs. 65.5 [IQR: 54-80] min, respectively, p=0.037).
Nevertheless, groin-to-recanalization and door-to-re-
canalization times did not differ between the two time
periods (groin-to-recanalization: 54 [IQR: 29.5-79.5]
vs. 68 [IQR: 34.5-88.5] min, p=0.12; door-to-recanali-
zation: 113 [IQR: 79.5-144.5] vs. 129 [IQR: 94.5-170.5]
min, p=0.12, respectively). Moreover, there were no
differences between the two groups in final angiography

findings, postoperative outcome, and mortality.

DISCUSSION

MT has shown efficacy for the treatment of AIS with
LVO and has been established as a standard therapeutic

DOHMDI) Thig treatment has

also become indispensable in Japan based on the high-

option for this condition.

level evidence included in the guideline established by
the Japan Stroke Society.””
term “weekend effect” has been used by the medical

For more than 20 years, the

community to describe the higher mortality rate for
hospitalizations occurring on weekends versus week-
days.” This effect has been recognized in the fields of
cancer, pulmonary embolism, and stroke.”'” Several
studies examined the weekend effect in ischemic stroke
requiring endovascular MT. These reported yielded
conflicting results; thus, the presence of the weekend
effect is controversial.”'®*” Treatment outcomes may
vary depending on the country, facility level, and patient
population. In the present study conducted in Japan, we
investigated whether performing MT for AIS with LVO
during daytime and nighttime influences the treatment
time and outcome. Our data did not show differences
in MT outcome and mortality between daytime and
nighttime. In addition, a subanalysis of ICA and M1
cases alone showed that the door-to-groin time was
shorter during daytime than nighttime; however, there
was no difference in treatment outcome. This evidence
demonstrated that the approach to the treatment of
AIS in our institution was effective, even with shortage
of manpower. The median age of patients in this study
was 79 years. This is slightly higher than the average or
median age of 71-75 years reported in previous studies
examining the weekend effect, although statistical anal-
ysis was not performed (Table 4). This result indicates
that the patients treated with MT for AIS are older in
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Table 3. Univariate analysis of the characteristics, procedural treatment times, and outcomes of patients who underwent mechanical

thrombectomy only on large vessels of anterior circulation during daytime and nighttime

All time(N=110) Daytime(N=56) Nighttime(N=54) p-value
Age, year (IQR) 78(72-84.75) 77(71-84.75) 79(72-84.75) 0.89
Men, n(%) 58(52.7%) 27(48.2%) 31(57.4%) 0.33
NIHSS (IQR) 18(12-24) 19(12-22.5) 17.5(12.25-25) 0.51
Imaging modality, n(%)
MRI 90(81.8%) 44(78.6%) 46(85.1%) 0.37
CTA 34(30.9%) 21(37.5%) 13(24.1%) 0.13
Both MRl and CT, n(%) 14(12.7%) 9(16.1%) 5(9.3%) 0.28
DWI-ASPECTS (IQR) 8(69) 8(69) 7.5(5-9) 0.33
ASPECTS (IQR) 10(7-10) 10(7-10) 10(8-10) 0.62
Prestroke mRS =2, n(%) 96(87.2%) 46(82.1%) 50(92.6%) 0.1
iv-tPA, n(%) 30(27.2%) 16(28.5%) 14(25.9%) 0.76
Stroke risk factors and etiology, n(%)
Hypertension 55(49.5%) 32(57.1%) 23(42.6%) 0.13
Diabetes mellitus 18(16.2%) 16(28.6%) 2(3.7%) 0.0004
Dyslipidemia 20(18.0%) 13(23.2%) 7(12.3%) 0.16
Previous stroke 16(14.4%) 10(17.9%) 6(11.1%) 0.32
Caused by embolus 83(74.8%) 44(78.6%) 39(72.2%) 0.11
Occluded vessel, n(%)
ICA 48(42.5%) 23(39.7%) 25(45.5%) 0.58
M1 65(57.5%) 35(60.3%) 30(54.5%) 0.46
Transfer from other hospital, n(%) 25(22.5%) 15(26.8%) 10(18.5%) 0.3

All time(N=110) Daytime(N=56) Nighttime(N=54) p-value
Door-to-groin, min (IQR) 58(42.25-75.75) 54(40.75-64) 65.5(54-80) 0.037
Groin-to-recanalization, min (IQR) 60(31.25-85.75) 54(29.5-79.5) 68(34.5-88.5) 0.12
Door-to-recanalization, min (IQR) 119.5(82.75-153.5) 113(79.5-144.5) 129(94.5-170.5) 0.12
Final TICI =2b, n(%) 88(80%) 45(80.4%) 43(79.6%) 0.92
90-day mRS score =2 or prestroke scale, n(%) 43(39.0%) 25(44.6%) 18(33.3%) 0.22
Mortality at 7 days, n(%) 8(7.3%) 6(10.7%) 2(3.7%) 0.15
Mortality at 90 days, n(%) 15(13.6%) 9(16.1%) 6(11.1%) 0.39

NIHSS, National Institutes of Health Stroke Scale; MRI, magnetic resonance imaging; CTA, computed tomography angiography; DWI-ASPECTS, Diffusion
Weighted Imaging-Alberta Stroke Program Early CT Score; mRS, modified Rankin Scale; ICA, internal carotid artery

this study than the rest of the world due to the country’s
aging society. Furthermore, it has been reported that
the outcomes of MT are worse in older patients versus
younger patients.'” The mRS <2 or prestroke scale at

90 days after MT was 34.9%, despite the large number

of elderly patients in this study. This result is acceptable
considering that the range of rates reported in other
countries is 30-44%. In addition, door-to-groin time
was 20-30 minutes shorter than that reported in other

countries for both daytime and nighttime. Furthermore,
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Table 4. Comparison of studies examining the weekend effect of MT for AIS

Alltime This study Matthew et al., 2021 Benali et al., 2021 Zaeske et al., 2020
Nation Japan America France Germany
No. patients 151 216 169 246
Patients age, average or median (IQR) 79(72-85) 71 75 75
Transfer from other hospital, n(%) 31(20%) 67(31%) T4(43.7%) NA
iv-tPA, n(%) 42(27.8) 111(51.4%) 96(56.8%) NA
Door-to-groin, min (IQR) 60(45.5-78.5) 92,5 85(65-115) 80
Groin-to-recanalization, min (IQR) 57(34-84) 50 60(42-94) 40
Door-to-recanalization, min (IQR) 120(86.5-152) 152 160(116-200) 135
Final TICI =2b, n(%) 123(81%) 195(90%) 124(74%) 229(93%)
90-day mRS score =2 or prestroke scale, n(%) 53(35%) 96(44%) 68(40%) 73(30%)
Mortality, n(%) 20(13%) 49(23%) 22(13%) 34(14%)
Daytime

This study Matthew et al., 2021 Benali et al., 2021 Zaeske et al., 2020
Nation Japan America France Germany
No. patients 75 110 112 102
Patients age, average or median (IQR) 78(71-85.5) 7.5 77(65.6-83.3) 75
Transfer from other hospital, n(%) 19(25%) 30(27%) 56(41%) NA
iv-tPA 19(25.3%) 64(58.2%) 69(61.6%) NA
Door-to-groin, min (IQR) 57(42.5-70) 86 82(61-105) 74(33-116)
Groin-to-recanalization, min (IQR) 54(34-83) 48 60(43-106) 40(21-71)
Door-to-recanalization, min (IQR) 120(87.5-140) 1415 160(112-201) 132(80.5-170.8)
Final TICI =2b, n(%) 62(83%) 99(90%) 80(71%) 97(94%)
90-day mRS score =2 or prestroke scale, n(%) 31(41%) 46(42%) 39(35%) 35(34%)
Mortality, n(%) 11(15%) 28(26%) 19(17%) 7(7%)
Nighttime

This study Matthew et al., 2021 Benali et al., 2021 Zaeske et al., 2020
Nation Japan America France Germany
No.patients 76 106 57 144
Patients age, average or median (IQR) 79(72-85) 1Al 74(60-83) 75
Transfer from other hospital, n(%) 12(15.8%) 16(15%) 28(49%) NA
iv-tPA 23(30.2%) 47(44.3%) 27(47.3%)
Door-to-groin, min(IQR) 70(55-82) 104.5 94(78-123) 87
Groin-to-recanalization, min (IQR) 60(35.25-84.25) 515 56.5(39-76) 38
Door-to-recanalization, min (IQR) 128.5(86.25-159) 161 168(128-195) 133
Final TICI =2b, n(%) 61(80.2%) 96(91%) 44(T7%) 132(92%)
90-day mRS score =<2 or prestroke scale, n (IQR) 22(29.0%) 50(47%) 29(51%) 38(26%)
Mortality, n(%) 9(11.8%) 21(19%) 3(5%) 27(19%)

NA, no available; mRS, modified Rankin Scale
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the door-to-recanalization time was 15-40 minutes
shorter. This speed may affect the outcomes in elderly
patients. Our institution has an emergency room, an
imaging laboratory, and an angiography room adja-
cent to each other. The extremely short travel time
between these rooms is probably a major advantage. The
prevalence of diabetes mellitus was higher during the
daytime, and other risk factors were also more prevalent,
although not significantly different. Our guess is that
daytime admissions may have allowed more time for the
family of patients to hear past history of patients, and
more experienced staff were often able to correspond to
them.

The fact that there was no difference in outcomes
between the two groups is great, but there are things we
would like to work on to further improve the outcomes.
The first is about the use of iv rt-PA. Compared with
other countries, the rate of using iv rt-PA in this study
was small. This result discouraged the use of iv rt-PA
because of the concerns about hemorrhagic compli-
cation with iv rt-PA, and the concept of earlier reca-
nalization with MT alone would be better. There are
reports of non-inferiority of MT alone compared to
MT wit iv rt-PA.*** On the other hand, some reports
that MT alone did not show non-inferiority compared
to MT with iv rt-PA.”"?'" For these reasons, it seems
advisable to use MT and iv rt-PA in combination as per
the guideline at this time. Considering the reported the
rate of emboli to distal and new territories related to
MT was 40%,”” iv rt-PA may be expected to be effective
against such emboli. In the future, we may need to shift
to iv rt-PA before and during MT in cases that indi-
cated iv rt-PA, especially in cases that took a long time
to puncture. In addition, it may be possible to shorten
the door-to-puncture time by reducing the quality of
MRI images or by narrowing the MRA scan area. The
images required for MT are not highly precise images, a
quick and rough image is sufficient, so we would like to
develop an imaging protocol and work on it. However,
there are many limitations of this study. This study was
a retrospective and single center analysis of patients who

underwent MT for AIS. The presence of weekends effect

varied depending on the medical system of countries
and regions. As the primary stroke core center in Japan,
it is important to note that there was no significant
difference between the two groups in this study. The
analysis included only patients who had undergone MT,
and there was a selection bias. There were also some
differences in patient profiles, the causes of which are

unknown.

CONCLUSIONS

This single primary stroke core-center analysis showed
that the outcome and mortality rate associated with MT
for the treatment of AIS did not differ between daytime
and nighttime, and there was no “weekend effect.”
Despite the presence of more elderly patients in this
study compared with other countries, we were able to
achieve world-class treatment results by shortening the

door-to-recanalization time.

Disclosure

The authors report no conflict of interest concerning
the materials or methods used in this study or the findings
specified in this paper.
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