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Abstract

Objective: To investigate the effect of hospital working hours on outcomes of patients with
acute ischemic stroke 3 months after receiving alteplase intravenous thrombolysis.

Methods: A retrospective analysis was performed on 254 individuals with acute ischemic stroke
who received alteplase intravenous thrombolysis between January 2018 and December 2020
either during peak hospital working hours (08:00-17:59; Group A) or off-peak hours (18:00—
07:59 the following day; Group B). Patients were also categorized according to which of four
peak/off-peak-hour periods they received treatment in: Group | (08:00-11:59), Group 2 (12:00-
17:59), Group 3 (18:00-21:59), Group 4 (22:00-07:59 the following day). Baseline data and
3-month prognosis were compared across groups. Logistic regression analysis was used to inves-
tigate the correlation between hospital working hours and 3-month prognosis.

Results: There were no significant differences in door-to-needle time, onset-to-needle time,
24-hour National Institutes of Health Stroke Scale (NIHSS) score, 7-day NIHSS score or Modified
Rankin Score between Groups | to 4 or between Groups A and B. Whether treatment was
administered during peak or off-peak hours did not significantly affect 3-month prognosis.
Conclusion: At this hospital, differences in the time at which stroke patients were treated were
not associated with outcomes.
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Introduction

Ischemic stroke is responsible for 60% to
80% of all strokes and has a high death
and disability rate.! > Administering alte-
plase intravenous thrombolytic therapy
within 4.5 hours of stroke onset is an effec-
tive method that may considerably reduce
stroke mortality and disability rates.*
However, the beneficial effects of intrave-
nous thrombolytic treatment are time-
dependent. The standard for alteplase
intravenous thrombolysis is that it should
be performed within 4.5 hours of stroke
onset. Only 1.6% of Chinese patients with
acute ischemic stroke meet the criteria for
intravenous thrombolytic therapy, and only
22% of these patients are admitted to hos-
pital within 3 hours of stroke onset.’ Given
the strict time limits for administration of
intravenous thrombolysis, it is essential to
thoroughly investigate and address the fac-
tors that contribute to a lengthy time inter-
val between symptom onset and the
initiation of infusion to ensure favorable
therapy outcomes in acute ischemic stroke
patients.

Onset-to-needle time (ONT) is the time
from disease onset to the initiation of intra-
venous thrombolysis. Door-to-needle time
(DNT) is the time from hospital admission
to initiation of intravenous thrombolytic
therapy, which is the first stage of in-
hospital treatment for acute ischemic
stroke patients. Hospital delays are the
main cause of extended DNT times.°
Several factors can contribute to such
delays, including complicated hospital
treatment protocols, slow decision-making

of patients and their families and insuffi-
cient stroke-related expertise of medical
personnel. Acute ischemic stroke can
occur unexpectedly, and there are no reli-
able models that predict onset time, making
it difficult to determine when patients
should seek medical attention.”'' There
are substantial operational differences
between Chinese medical facilities, and hos-
pitals in different areas vary in their staff
and equipment ratios. Hospitals in China
generally have adequate personnel and are
very busy; all departments typically operate
from 08:00 to 17:59, and equipment may be
used extensively. The number of medical
staff members in each department during
off-peak hours (18:00-07:59 the following
day) is very low; at such times, the staff
are very busy, there is a shortage of senior
experts with skills and there is limited access
to tools and equipment.'® ' Furthermore,
general hospitals treat a wide range of
patients, not only those with stroke. There
is considerable variation in the number of
patients seeking therapy during different
periods, with substantial spikes and
decreases in treatment demand. All these
factors can affect the level of work effective-
ness. One real-world investigation showed
that stroke onset in approximately half of
patients with acute pro-circulatory large
vascular occlusive stroke occurred during
off-peak hours.'"* However, there may be
differences in the course of treatment for
stroke depending on whether treatment
was given in peak hospital working hours
(08:00-17:59) or off-peak working hours
(18:00-07:59 the following day). Medical
institutions should implement strategies to
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minimize in-hospital delays by establishing
stroke green lanes and employing dedicated
neuro-emergency physicians. However,
there is no consistent consensus regarding
prognostic disparities between peak and
off-peak hours.

A literature search identified a lack of
real-world research comparing the effects
of alteplase intravenous thrombolytic ther-
apy administered during peak vs. off-peak
hospital working hours. In addition, there
are no reports on the treatment of patients
during peak hours and subsequent out-
comes of alteplase intravenous thrombolyt-
ic therapy. Hence, the objective of this
study was to examine the effect of working
hours on the outcome of alteplase intrave-
nous thrombolysis in individuals with acute
ischemic stroke.

Data and methods

Study participants and setting

A retrospective analysis was conducted on
data for patients who had experienced
ischemic stroke and were treated with intra-
venous thrombolytic therapy at the neuro-
logical emergency department of the
People’s Hospital of Deyang City, China,
a large tertiary hospital, between January
2018 and December 2020. The study includ-
ed patients who met the inclusion criteria
throughout the entire period. The reporting
of this study adheres to the STROBE
criteria.'?

Inclusion criteria: (1) Diagnosis of acute
ischemic stroke. (2) Alteplase intravenous
thrombolysis indication. (3) Time from
onset to treatment of less than 4.5 hours.
(4) Aged 18 years or above.

Exclusion criteria: (1) Patients with alte-
plase intravenous thrombolysis contraindi-
cations. (2) Patients with incomplete clinical
data or life expectancy of less than
3 months. (3) Occurrence of stroke in hos-
pital. (4) Patients with tumors, rheumatic

immune system disease or severe cardiac,
liver or renal insufficiency.

Ethical approval

Informed consent was waived by our insti-
tutional review board because of the retro-
spective nature of the study.

Collection of clinical baseline data

The baseline data obtained comprised the
patient’s age, sex, weight, history (including
hypertension, diabetes, hyperlipidemia,
atrial fibrillation, coronary heart disease,
congestive heart failure history), smoking
history, baseline systolic blood pressure,
baseline diastolic blood pressure, baseline
National Institutes of Health Stroke Scale
(NIHSS) score,* 24-hour NIHSS score,
7-day NIHSS score, baseline Modified
Rankin Score (mRS),'® 3-month mRS,
ONT, time of admission, DNT, baseline
blood glucose level, white blood cell
count, red blood cell count, neutrophil
ratio, hemoglobin level, platelet count, pro-
thrombin time, activated partial thrombo-
plastin time, international normalized ratio,
and levels of fibrinogen, D-dimer, sodium,
potassium and urea nitrogen. All blood
samples were taken before the start of alte-
plase intravenous thrombolytic therapy but
at the time of hospital admission. To fully
protect patients’ identity, all patients were
de-identified.

Intravenous thrombolysis

For intravenous thrombolysis, recombinant
tissue plasminogen activator (Boehringer
Ingelheim, Ingelheim, Germany) was used.
The maximum dose of 90 mg was delivered
at a dose of 0.9 mg/kg, with 10% adminis-
tered intravenously in less than a minute
and the remaining 90% administered via a
micropump over 1 hour.
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Grouping and observation indicators

Patients were categorized into two groups
according to hospital working hours during
the treatment period: Group A (08:00-
17:59) for patients treated during peak
hours, and Group B (18:00-07:59 the fol-
lowing day) for patients treated during
off-peak hours. These two peak and off-
peak periods characterize working hours
in most hospitals in China. The number of
patients receiving treatment between 08:00
and 11:59 was greater than the number of
patients receiving treatment between 12:00
and 17:59. Therefore, patients were divided
into four groups according to whether the
hospital was operating at full capacity at
the time of treatment: Group 1 (08:00—
11:59), Group 2 (12:00-17:59), Group 3
(18:00-21:59) and Group 4 (22:00-07:59
the following day). The mRS at 3 months
(mRS=0, 1, 2, 3, 4, 5, 6; a score of
6 =death) was the primary outcome mea-
sure for this investigation.'” Patients were
categorized into two groups based on their
mRS at 3 months: patients with a good
prognosis (mRS <2) and those with a bad
prognosis (mRS >2). The 24-hour NTHSS
score and the 7-day NIHSS score were the
secondary outcome measures.

Statistical methods

IBM SPSS Statistics for Windows, Version
25.0 (IBM Corp., Armonk, NY, USA) and
R 4.3 (www.r-project.org) were used for
statistical analysis. Normally distributed
data were expressed as mean =+ standard
deviation. The t-test or one-way analysis
of variance was used for between-group
comparisons.

Non-parametric tests were used to assess
the data distribution in terms of the median
and upper and lower quartiles. The number
of cases and percentages were used to char-
acterize the binary classification data, and
the y° test was used to compare groups.

Independent variables with P-values of
<0.05 in the univariate logistic regression
analysis were included in the multivariate
logistic regression analysis model. For the
odds ratios and 95% confidence intervals,
bilateral values of P <0.05 were deemed
statistically significant.

Results

Clinical characteristics of study
participants

Of the 254 patients, 154 (60.39%) were men
and 100 (39.22%) were women. The median
age was 69 years, with a range of 60
to 78 years. The median DNT was
62.00 minutes, with a range of 48.00 to
84.00 minutes. The median ONT was
147.50 minutes, with a range of 120.00 to
192.00 minutes. The number of patients in
Groups 1, 2, 3 and 4 were 34 (13.33%),
71 (27.84%), 88 (34.51%) and 61 (23.92%),
respectively. There were 34 patients
(13.33%) in Group B and 220 (86.27%)
in Group A. Of the total patients,
112 (43.92%) had a poor prognosis and
142 (55.69%) had a good prognosis (Table 1).

Comparison of clinical characteristics of
patients in different treatment periods

There were significant differences in age,
fibrinogen level, potassium level, and pres-
ence of diabetes between patients treated in
different time periods (P < 0.05). However,
values for the outcome index (mRS), DNT,
ONT, 24-hour NIHSS, and 7-day NIHSS
did not differ significantly (Table 2).

Comparison of clinical features of patients
treated in peak vs. off-peak hours

There were significant differences in the
neutrophil ratio and baseline NIHSS
scores between patients treated in peak
hours and patients treated in off-peak
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Table |I. Clinical characteristics of study

participants.

Variables

Total (N =254)

Baseline systolic blood

pressure, mmHG

Baseline diastolic blood

pressure, mmHG
Neutrophil ratio
Hemoglobin, g/L
Age, years
DNT, min
ONT, min
Baseline blood
glucose, mmol/L
Weight, kg
Leukocyte count,
x 10%/L
Erythrocyte count,
x10"%L
Platelet count,
x10°/L
PT, s
APTT, s
INR
Fibrinogen, pmol/L
D-dimer, nmol/L
Sodium, mmol/L
Potassium, mmol/L
Baseline NIHSS score
24-hour NIHSS score
7-day NIHSS score
Baseline mRS
Urea nitrogen,
mmol/L
Sex
Male
Female

161.55£25.77
90.01 £ 16.14

6332+ 13.57
136.46 + 15.60
69.00 (60.00, 78.00)
62.00 (48.00, 84.00)
147.50 (120.00, 192.00)
7.23 (6.30, 9.17)

60.00 (55.00, 70.00)
7.30 (6.03, 8.88)

454 (4.11, 4.90)
194.00 (156.00, 234.00)

12.70 (11.90, 13.70)
31.60 (26.72, 35.40)
0.99 (0.94, 1.07)
3.24 (2.60, 3.83)
0.90 (0.43, 2.54)
138.85 (137.10, 140.38)
3.67 (3.34, 3.94)
9.00 (6.00, 14.00)
7.00 (4.00, 13.00)
6.00 (2.00, 11.00)
0.00 (0.00, 0.00)
5.60 (4.43, 6.97)

100 (39.22%)
154 (60.39%)

Time of treatment initiation

Group |
Group 2
Group 3
Group 4

34 (13.33%)
71 (27.84%)
88 (34.51%)
61 (23.92%)

Time of treatment initiation

Group B

Group A
History of stroke

No

Yes

34 (13.33%)
220 (86.27%)

233 (91.37%)
21 (8.24%)

(continued)

Table I. Continued.

Variables Total (N =254)
Smoker

No 174 (68.24%)

Yes 80 (31.37%)
Hypertension

No 70 (27.45%)

Yes 184 (72.16%)
Hyperlipidemia

No 214 (83.92%)

Yes 40 (15.69%)
Atrial fibrillation

No 164 (64.31%)

Yes 90 (35.29%)
Coronary heart disease

No 236 (92.55%)

Yes 18 (7.06%)
Diabetes

No 196 (76.86%)

Yes 58 (22.75%)
Congestive heart failure

No 241 (94.51%)

Yes 13 (5.10%)

Outcome index
Good prognosis
Poor prognosis

142 (55.69%)
112 (43.92%)

Values are median (interquartile range), mean =+ standard
deviation or n (%).

DNT, door-to-needle time; ONT, onset-to-needle time;

PT, prothrombin time; APTT, activated partial thrombo-

plastin time; INR, international normalized ratio; NIHSS,
National Institutes of Health Stroke Scale; mRS, Modified
Rankin Score.

hours (P <0.05). However, mRS, DNT,
ONT, 24-hour NIHSS and 7-day NIHSS
scores were not significantly different
between the two groups (Table 3).

Propensity score matching between peak
vs. off-peak hours treatment groups

Table 3 clearly shows that there was a sig-
nificant difference in baseline NIHSS scores
between patients treated during peak hours
compared with those treated in off-peak
hours (P <0.05). To mitigate the effect of
baseline NIHSS score on the prognosis of
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patients following intravenous thromboly-
sis, a nearest matching method was used
to pair 66 patients at a 1:1 matching ratio.
After adjusting for confounding variables,
the neutrophil ratio and baseline NIHSS
scores of the two groups became equal.
The statistical analysis indicated that there
was no significant difference in the progno-
sis of the two groups after 3 months
(x* = 1.538; Table 4).

Relationships between peak vs. off-peak
hours, specific peak/off-peak period and
prognosis

The logistic regression analysis identified no
significant correlation between treatment
administration during peak vs. off-peak
hours and treatment administration during
four specific periods of peak/off-peak
hours. Additionally, there was no associa-
tion between these factors and the 3-month
prognosis of acute ischemic stroke patients
who received alteplase intravenous throm-
bolysis. However, after 3 months of treat-
ment for acute ischemic stroke with
alteplase intravenous thrombolysis, longer
DNT (P <0.05), higher 24-hour NIHSS
score (P <0.05), higher 7-day NIHSS
score (P < 0.001), higher baseline systolic
blood pressure (P <0.05) and history of
stroke (P <0.05) were risk factors for a
poor prognosis (Table 5).

Discussion

Thrombolytic therapy is essential for
improving the prognosis of individuals
with acute ischemic stroke. However, data
obtained from the Chinese National Stroke
Registry Database shows that the thrombo-
lytic rate of recombinant tissue-type plas-
minogen activator in Chinese patients
with acute ischemic stroke is only 1.23%.
This rate is substantially lower than that
observed in industrialized countries in
Europe and the USA.'™! Similar studies

have demonstrated that the main reason
for inadequate and ineffective thrombolytic
therapy in stroke patients is delayed medi-
cal treatment.”® This delay is affected by
three factors: patient delay, transport
delay and in-hospital delay. However, it is
difficult to achieve major improvements in
patient and transport delays in a short time-
frame.”' 7 Therefore, it is important to
increase the efficacy of intravenous throm-
bolysis treatment by examining the factors
that contribute to hospital delays.
Currently, both local and international
guidelines and consensus strongly advocate
for a DNT of less than 60 minutes. In China,
the average DNT is 115 minutes, with less
than 10% of cases meeting the optimum
DNT criteria ofless than 60 minutes.*'

One study showed that individuals with
acute ischemic stroke experienced an aver-
age duration of 3.7 hours between hospital
presentation and receiving treatment, con-
siderably more than 60 minutes.”® If imple-
mentation of DNT is too slow, some
patients who are eligible for thrombolysis
within the designated time frame may not
receive it. For example, if a patient arrives
at the hospital close to the thrombolysis
maximum time window (4.5 hours after
onset) and has to wait for treatment, they
may exceed the time limit and ultimately
not be eligible for treatment.”” However, it
remains uncertain whether there is a corre-
lation between the timing of patient admis-
sion and the prognosis of intravenous
thrombolysis. Several studies indicate that
ischemic stroke patients who receive treat-
ment during the weekend are more prone to
a negative prognosis; this is sometimes
referred to as the “weekend effect.”3"!
However, an effect of weekend visits on
the outcome of ischemic stroke patients
has not been observed in other studies.
The inconsistent results among studies
could be attributed to differences in cultural
and healthcare environments.***>
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Differences in country-specific and geo-
graphical factors contribute to variations in
staffing levels across different medical insti-
tutions during different working hours.>*
There are fewer medical personnel on duty
during off-peak hours, including weekends.
This limited staffing may adversely affect
work efficiency owing to increased work-
load. Research has indicated that patients
who are admitted to hospitals on weekends
may have a higher probability of experienc-
ing negative outcomes.’ This could be
attributed to substandard care in weekend
emergency departments, insufficient avail-
ability of imaging staff, longer transporta-
tion time for patients to reach the inpatient
ward, lower ability to evaluate complica-
tions and reduced capacity of the hospital’s
emergency response. A comprehensive
study conducted in the UK found that
patients with ischemic stroke who undergo
intravenous thrombolysis on weekends and
at night experience extended DNT.*® In
contrast, the prognosis, DNT and ONT of
patients in the present study did not differ
significantly according to whether treat-
ment was administered during peak vs.
off-peak hours. A possible factor contribut-
ing to this disparity is that the present data
were from a prominent tertiary hospital,
which has a team of trained neuro-
emergency physicians and a stroke green
channel. The hospital has skilled medical
staff available 24/7 to provide a seamless
thrombolytic process. The stroke green
channel process ensures that after experienc-
ing a stroke, a patient receives prompt and
efficient care. Another possible explanation
for this difference in study findings is that
despite the reduced staff numbers, there are
generally fewer patients to attend to during
off-peak hours in hospitals in China, result-
ing in expedited emergency imaging proce-
dures compared with peak hours.

Most hospitals have a surge in patient
visits during both peak hours (08:00-
17:59) and off-peak hours (18:00-07:59 the

following day). For instance, the number of
patient visits are highest during peak hours,
specifically from 08:00 to 12:00 and 14:00 to
18:00, and lower during evening working
hours (18:00-22:00). Theoretically, the
increase in the average number of patients
attended to by each medical staff member
during these periods relative to other peri-
ods may result in delays in treatment.
Several studies support this conclusion.’” >’
The present findings showed that there were
no significant differences in the prognosis,
DNT and ONT of patients receiving
intravenous thrombolysis at different times
(08:00-11:59 vs. 12:00-17:59 vs. 18:00-21:59
vs. 22:00-07:59 the following day). This
suggests that an increase in the number of
stroke patients within a certain range would
not affect the course of treatment or patient
outcomes. The use of a green channel set up
specifically for stroke treatment in the study
hospital may explain this finding.

The green channel operates as follows: A
neurologist is assigned to the emergency
outpatient department 24/7. The emergency
pre-examination triage nurse sends patients
to the emergency rescue room, calls the
emergency neurologist and identifies sus-
pected cases of acute cerebral infarction.
The nurse also ascertains the time of
stroke onset or the time of the last observa-
tion of intact neurological function. The
neurology department’s emergency physi-
cian immediately attends the patient’s bed-
side, completes an evaluation in 10 minutes,
and administers emergency laboratory tests,
head computed tomography (CT) scan,
electrocardiogram and other examinations.
The emergency department nurses commu-
nicate with the CT room, assist patients
with the head CT examinations and help
with peripheral blood glucose monitoring
and the administration of a bedside electro-
cardiogram. The family members of
patients who do not have bleeding (as deter-
mined by CT scan) are briefly informed
about the intravenous thrombolytic
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treatment plan by the Department of
Neurology emergency physicians, and sign
a consent letter permitting the administra-
tion of intravenous thrombolytic therapy in
the CT room.

Thus, patients admitted to medical facil-
ities that have green channels and neurolog-
ical emergency departments receive prompt,
standardized care.

Conclusion

Overall, the study findings indicated that
the time period during which treatment
was administered did not have a significant
effect on the prognosis of patients with
acute ischemic stroke receiving intravenous
thrombolysis. This lack of effect may be
attributed to the existence of a stroke
green channel and the availability of
24-hour open neurological emergency serv-
ices. However, this was a retrospective
study conducted at a single medical center;
not all medical institutions have specialized
neurological emergency and stroke green
channels. Differences in the availability of
such services may reduce the generalizabil-
ity of the study findings. To improve the
reliability of the results, additional studies
are needed in other types of facilities to
compare the effects of treatment time
across different levels of care.
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