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and environment for statistical computing. R Foundation 
for Statistical Computing, Vienna, Austria. URL https://
www.​R-​project.​org/).

RESULTS
Overview
Of all 698 patients enrolled in the ACTUAL registry, the 
median (IQR) age was 66 (57–74) years old, and men 
accounted for 60.6% (423/698). The median (IQR) 
admission NIHSS score and ASPECTS were 16.0 (12.0–
21.0) and 9.0 (8.0–10.0), respectively. Two hundred and 
twenty-nine (32.8%) patients received intravenous throm-
bolysis. The median OTD, DTI, DTP, PTR, OTP and 
OTR time metrics were 125.0, 23.0, 125.0, 100.0, 271.5 
and 380.5 min, respectively. Four hundred and thirty-
five (62.3%) patients were categorised into the off-hour 
group and 263 (37.7%) patients into the on-hour group 
in the arrival mode. Four hundred and fifty-six (65.3%) 
patients were categorised into the off-hour group and 
242 (34.7%) patients were into the on-hour group in the 
puncture mode. Arrival and puncture times across all 
days are illustrated in figure  1. Patients who arrived or 
were treated in the afternoon/evening were more preva-
lent than those in the morning in both modes. A total of 
579 (83.0%) patients reached successful reperfusion. Two 

hundred and eighteen (31.2%) patients were diagnosed 
as aICH and 108 (15.5%) as sICH. The median (IQR) 
mRS score at 90 days was 3 (1–6). At 90 days, 304 (43.6%) 
patients had favourable outcomes.

Baseline characteristics
Table  1 shows comparisons on the baseline charac-
teristics and clinical outcomes between the off-hour 
group and the on-hour group in different modes. Male 
sex was much more prevalent in the off-hour arrival 
group (64.8% vs 53.6%, p=0.003). Admission glucose 
level was significantly higher in the off-hour puncture 
group (median: 6.8 mmol/L vs 6.4 mmol/L, p=0.024). 
No other statistical difference in baseline characteristics 
was noted between the off-hour group and the on-hour 
group.

Clinical outcomes
In univariate analysis, mRS scores at 90 days were compa-
rable between the off-hour arrival group and the on-hour 
arrival group (median: 3 vs 3; p=0.624). The OTD time 
was significantly shorter in the off-hour arrival group 
(120.0 min vs 140.0 min, p=0.047). Other EVT-related 
time metrics and clinical outcomes including successful 
reperfusion, favourable outcome, sICH, aICH, mortality 
in hospital and mortality at 90 days were comparable 
between the two groups (table 1). In the puncture mode, 
there was no significant difference concerning all clinical 
outcomes between the off-hour and on-hour presenta-
tions. Figure 2 illustrates distributions of mRS scores in 
different modes.

In multivariable analyses, OTD was significantly shorter 
in the off-hour arrival group after adjusting for covari-
ates (adjusted ß coefficient: −21.56 min; 95% CI −39.96 
to −3.16 min; p=0.022). Ordinary logistic regression indi-
cated that the 90-day mRS scores remained comparable 
between the two groups in arrival mode (common OR: 
0.98; 95% CI 0.74 to 1.29; p=0.881) and puncture mode 
(common OR: 0.96; 95% CI 0.72 to 1.28; p=0.792). No 
significant difference was found regarding other time 
metrics and clinical outcomes between the off-hour 
group and the on-hour group in both arrival and punc-
ture modes (table 2).

Subgroup analysis
Of 595 patients who presented and were treated during 
the same period (both during off-hour or during 
on-hour), 394 patients were categorised into the true off-
hour group and 201 into the true on-hour group. Base-
line characteristics between the two groups were shown 
in online supplemental table 1. A trend towards a longer 
DTP time metric was witnessed in the true off-hour group 
(median: 125.0 min vs 116.0 min; adjusted ß coefficient: 
12.17 min; 95% CI −1.20 to 25.55; p=0.074). No significant 
difference in other time metrics and clinical outcomes was 
noted between the two groups (table 3). The summary of 
this research is illustrated in figure 3.

Figure 1  Distributions of arrival and groin-puncture times 
across all days: (A) arrival mode; (B) puncture mode.

 on D
ecem

ber 7, 2021 by guest. P
rotected by copyright.

http://svn.bm
j.com

/
S

troke V
asc N

eurol: first published as 10.1136/svn-2021-000949 on 8 July 2021. D
ow

nloaded from
 



4 Zha M, et al. Stroke & Vascular Neurology 2021;0. doi:10.1136/svn-2021-000949

Open access�

DISCUSSIONS
This multicentre study demonstrated that the prehospital 
time metric (OTD time) was shorter in patients presented 

during the off-hour period. However, off-hour arrival/
treatment did not influence in-hospital workflow and 
clinical outcomes.

Table 1  Demographics and clinical outcomes between the off-hour group and the on-hour group

Variable

Defined off-hour with arrival time (arrival 
mode)

P value

Defined off-hour with groin-puncture time 
(puncture mode)

P valueOff-hour n=435 On-hour n=263 Off-hour n=456 On-hour n=242

Age, year, median (IQR) 65.0 (57.0–73.0) 66.0 (56.0–75.0) 0.587 65.0 (57.0–73.0) 66.0 (56.0–75.0) 0.831

Male, n (%) 282 (64.8) 141 (53.6) 0.003 285 (62.5) 138 (57.0) 0.159

SBP, mm Hg, median (IQR) 145.0 (130.0–160.0) 146.0 (129.0–160.0) 0.624 145.0 (130.0–160.8) 145.0 (127.5–160.0) 0.474

DBP, mm Hg, median (IQR) 82.0 (76.0–92.0) 83.0 (74.0–93.0) 0.697 83.0 (76.0–92.0) 80.0 (72.0–93.0) 0.079

Glucose, mmol/L, median 
(IQR)

6.8 (5.8–8.6) 6.5 (5.5–8.6) 0.082 6.8 (5.8–8.6) 6.4 (5.5–8.4) 0.024

Medical history, n (%)

 � Atrial fibrillation 177 (40.7) 111 (42.2) 0.693 189 (41.4) 99 (40.9) 0.891

 � Hypertension 278 (63.9) 164 (62.4) 0.680 290 (63.6) 152 (62.8) 0.837

 � Diabetes 80 (18.4) 48 (18.3) 0.963 85 (18.6) 43 (17.8) 0.777

Current smoking, n (%) 123 (28.3) 61 (23.2) 0.140 131 (28.7) 53 (21.9) 0.051

ASPECTS, median (IQR) 9.0 (8.0–10.0) 9.0 (8.0–10.0) 0.932 9.0 (8.0–10.0) 9.0 (8.0–10.0) 0.925

Baseline NIHSS, median 
(IQR)

16.0 (12.0–20.0) 17.0 (12.0–21.0) 0.154 16.0 (12.0–20.0) 17.0 (12.0–21.0) 0.071

Intravenous thrombolysis, 
n (%)

153 (35.2) 76 (28.9) 0.087 158 (34.6) 71 (29.3) 0.155

Local anaesthesia, n (%) 358 (82.3) 202 (76.8) 0.077 373 (81.8) 187 (77.3) 0.153

Stroke aetiology, n (%) 0.669 0.950

 � LAA 191 (43.9) 118 (44.9) 202 (44.3) 107 (44.2)

 � CE 216 (49.7) 124 (47.1) 223 (48.9) 117 (48.3)

 � Others 28 (6.4) 21 (8.0) 31 (6.8) 18 (7.4)

ICA occlusion, n (%) 174 (40.0) 107 (40.7) 0.858 187 (41.0) 94 (38.8) 0.579

MCA occlusion, n (%) 257 (59.1) 154 (58.6) 0.891 264 (57.9) 147 (60.7) 0.467

ASITN/SIR 0–1, n (%) 221 (50.8) 117 (44.5) 0.106 226 (49.6) 112 (46.3) 0.409

Onset to door, min, median 
(IQR)

120.0 (60.0–212.0) 140.0 (64.0–240.0) 0.047 125.0 (60.0–220.0) 127.0 (63.5–232.5) 0.542

Door to imaging, min, 
median (IQR)

23.0 (12.0–33.0) 24.0 (13.0–32.0) 0.940 23.0 (12.0–34.0) 24.0 (15.0–32.0) 0.885

Door to puncture, min, 
median (IQR)

128.0 (84.0–177.0) 125.0 (80.0–172.0) 0.597 130.0 (86.3–177.0) 120.0 (75.0–165.0) 0.161

Puncture to reperfusion, 
min, median (IQR)

100.0 (72.0–145.0) 101.0 (77.0–138.0) 0.858 99.5 (70.0–140.8) 103.0 (79.8–143.5) 0.235

Onset to puncture, min, 
median (IQR)

266.0 (201.0–345.0) 285.0 (210.0–360.0) 0.098 273.5 (204.3–349.5) 270.5 (210.0–360.0) 0.711

Onset to reperfusion, min, 
median (IQR)

380.0 (299.0–470.0) 383.0 (310.0–488.0) 0.393 382.0 (299.0–470.0) 380.5 (313.0–488.5) 0.656

Successful reperfusion, 
n (%)

361 (83.0) 218 (82.9) 0.973 378 (82.9) 201 (83.1) 0.957

Symptomatic ICH, n (%) 69 (15.9) 39 (14.8) 0.715 74 (16.2) 34 (14.0) 0.449

Asymptomatic ICH, n (%) 140 (32.2) 78 (29.7) 0.485 144 (31.6) 74 (30.6) 0.786

Mortality in hospital, n (%) 104 (23.9) 59 (22.4) 0.655 110 (24.1) 53 (21.9) 0.509

mRS score at 90 days, 
median (IQR)

3 (1–6) 3 (1–6) 0.624 3 (1–6) 3 (2–6) 0.549

Favourable outcome, n (%) 190 (43.7) 114 (43.3) 0.932 200 (43.9) 104 (43.0) 0.823

Mortality at 90 days, n (%) 109 (25.1) 68 (25.9) 0.814 116 (25.4) 61 (25.2) 0.947

ASITN/SIR, American Society of Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology; ASPECTS, Alberta Stroke Program Early CT 
Score; CE, cardioembolism; DBP, diastolic blood pressure; ICA, intracranial artery; ICH, intracranial haemorrhage; LAA, large-artery atherosclerosis; MCA, middle 
cerebral artery; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale; SBP, systolic blood pressure.
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Qualities of stroke care might not be consistent in 
different periods throughout the day. A majority of stroke 
patients are proved to arrive at hospitals outside working 
hours.3 17 18 25 Potential deleterious effects of off-hour 
might include longer preparation times for EVT staff, 
increased procedural time and staff fatigue.3 9 Thus, it 
is of great importance to investigate this effect on EVT 
workflow and outcomes, and identify the specific process 
on which interventions should be targeted.

Our results revealed that the 90-day mRS score and 
other clinical outcomes were not influenced by the 
arrival/groin-puncture time before and after adjusting 
for confounders, which was in line with previous 
research.1 2 17 18 Almallouhi et al demonstrate that off-hour 
EVT is associated with poor functional outcome, possibly 
owing to the significantly higher baseline NIHSS scores 
in the off-hour group.16 A recent study indicates that 
patients treated during nighttime hours achieve favour-
able clinical outcomes more frequently and have lower 

in-hospital mortality rates than those treated during 
daytime hours. But the relatively small sample might 
cause potential bias.31 Comparable clinical outcomes 
between the off-hour group and the on-hour group in 
our study might be explained by following reasons. First, 
EVT-related time metrics, successful reperfusion rates and 
ICH rates were similar between the two groups. Second, 
EVT has been widely recommended since the publication 
of several randomised clinical trials.32–36 EVT centres are 
expected to be fully resourced and staffed independent 
of working hours. Third, all centres enrolled in this study 
were comprehensive stroke centres. A previous study has 
proved that comprehensive stroke centres may amelio-
rate the off-hour effect in patients with stroke due to the 
24/7 availability of stroke specialists.37

Interestingly, the OTD time was significantly shorter 
during off-hour in the arrival mode after adjusting for 
confounding factors, but other time metrics remained 
comparable between the off-hour group and the on-hour 
group in all three modes. We hypothesised that this 
phenomenon might be related to less traffic outside 
working hours although without relevant evidence. In 
previous studies, off-hour arrival/treatment is proved 
to be associated with longer onset to imaging time,1 22 
longer door to reperfusion time13 and longer door to 
needle time.17 A recent meta-analysis also indicates that 
off-hour is associated with prevalent delays before EVT.19 
But some studies indicate that pre-EVT time metrics are 
not influenced by the off-hour effect.14 15 Disparities in 
time metrics might result from the differences in EVT 
workflows in various stroke centres and heterogeneous 
definitions of off-hour. According to our experience, 
EVT teams tend to stay in the hospital in response to 
the potential emergent thrombectomy outside working 
hours in China, whereas neurointerventional teams at 
some centres from other countries are often ‘on-call’ 
from home for potential endovascular intervention 
during nights/weekends,3 16 25 which may cause proce-
dural delays. The locations of the on-call neurointerven-
tional team might account for disparities in time metrics 
and clinical outcomes to some extent. Further investi-
gations on this issue are needed to provide more direct 
evidence.

The strengths of this study included multicentre 
design, detailed classifications and efforts in controlling 
confounding factors. To our knowledge, evidence on the 
off-hour effect in EVT for acute AC-LVO in the Chinese 
population is scarce. Considering the limited number 
of senior medical staff on the national holiday, we also 
categorised national holidays into the off-hour group 
to reduce heterogenicity. Apart from the strengths 
mentioned above, several weaknesses of this study were 
also noteworthy. First, our study was limited by its retro-
spective nature. Second, the ACTUAL registry could not 
perfectly represent contemporary EVT considering the 
investigation date (2014–2016). Third, data on staffing 
levels and quality of medical resources were absent in 
our study. Taking all these factors into consideration, this 

Figure 2  Distributions of modified Rankin Scale scores 
in the on-hour group and the off-hour group in different 
definitions: (A) on-hour arrival versus off-hour arrival; (B) 
on-hour puncture versus off-hour puncture; (c) true on-hour 
versus true off-hour.
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study still provided valuable information on this research 
area of uncertainty.

CONCLUSIONS
AC-LVO patients who arrived at hospitals outside working 
hours and underwent EVT were associated with shorter 
OTD time comparing with the on-hour population. But 
the potential hazardous off-hour effect was not evident 
regarding in-hospital workflow and clinical outcomes.
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