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Abstract. At present, recombinant tissue‑type plasminogen
activator (rt‑PA) thrombolytic therapy is widely used in
patients with acute ischemic stroke within 4.5 h following
stroke onset. However, the efficacy of intravenous alteplase
thrombolytic therapy for posterior circulation stroke (PCS)
has been rarely described. The present study aimed to predict
the outcome of patients with PCS following rt‑PA thrombo‑
lytic therapy in a more efficient manner. Data were collected
from patients who had suffered from posterior circulation
ischemic stroke, who had been treated with rt‑PA over a period
of 4 years (2016‑2020), and had been treated at a stroke center.
All patients were treated with alteplase at a standard dose of
0.9 mg/kg. According to the onset to needle time (ONT), these
patients were divided into the 0‑3 and 3‑4.5 h groups, and the
National Institutes of Health Stroke Scale (NIHSS) score was
compared before thrombolysis and at 24 h after thrombolysis.
Subsequently, the patients with acute PCS whose ONT was
≤3 h were divided into the NIHSS score >3 points and NIHSS
score ≤3 points groups, and the NIHSS score improvement
rate was compared 24 h later. A total of 989 patients were
included in the study; there were 783 patients with acute ante‑
rior circulation stroke (ACS) and 203 patients with acute PCS
(of note, 2 patients had negative results from brain magnetic
resonance imaging); 63 patients were treated with urokinase
(UK) thrombolysis and 140 patients were treated with alteplase
intravenous thrombolysis. The 140 patients that received
alteplase thrombolytic therapy were divided into two groups,
namely the ≤3 h group and 3‑4.5 h group, which, on the basis
of the ONT, no significant differences were found between the
two the groups according to the NIHSS score before throm‑
bolysis (P>0.05). The NHISS scores in the ≤3 h group were
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significantly lower than those in the 3‑4.5 h group following
thrombolysis therapy, and the differences between the two
groups were statistically significant (P<0.05); the patients with
acute PCS treated with rt‑PA in the ≤3 h group were divided
into the NIHSS score ≤3 points group and the NIHSS score
>3 points group. In this ≤3 h group, the average NIHSS score
improvement rate following rt‑PA thrombolysis was 0.535
(53.5%) in the NIHSS score ≤3 points group and that in the
NIHSS score >3 points group was 0.336 (33.6%); the difference
between the two groups was statistically significant (P<0.05).
The patients treated with intravenous alteplase thrombolysis
within 3 h following stroke onset benefited more than those
treated with thrombolysis therapy within 3 to 4.5 h after stroke
onset. On the whole, the present study demonstrates that the
patients with mild stroke (NIHSS score ≤3 points) who were
treated at an earlier stage (received alteplase thrombolysis
therapy within 3 h after stroke onset) benefited to a greater
extent from the therapy.
Introduction
Acute ischemic stroke is a disease which is associated with
a high morbidity, high mortality and high disability rate. Its
occurrence also leads to a heavy economic burden to society,
families and individuals (1). Therefore, the treatment of acute
ischemic stroke is of particular importance. By improving
cerebral blood flow and saving brain tissue, recombinant
tissue‑type plasminogen activator (rt‑PA) is an effective clin‑
ical treatment approved by the Food and Drug Administration
(FDA). However, due to the limited time window, only 2‑5%
of patients can receive rt‑PA thrombolysis treatment (2). It
has been demonstrated that thrombolysis therapy should be
performed as early as possible, and every 15 min of treatment
acceleration can improve the independent living ability of
patients by 4% (3). Ischemic stroke can be divided into ante‑
rior circulation stroke (ACS) and posterior circulation stroke
(PCS). Among all patients with ischemic stroke, patients
with PCS account for 5‑10% (4). Of note, 5‑19% of patients
with PCS have received intravenous alteplase thrombolytic
therapy (5‑8), and 36% of these patients can achieve a National
Institutes of Health Stroke Scale (NIHSS) score >25 (9). Since
studies on intravenous rt‑PA thrombolysis in PCS are limited,
the present retrospective study aimed to investigate whether
the term ‘time is brain’ is relevant to PCS and whether patients
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with mild stroke receiving intravenous rt‑PA thrombolysis
within 3 h may benefit more than others.
Patients and methods
Patient selection and treatment. The present study was a
single‑center retrospective case study. Data were collected
from patients who received rt‑PA thrombolytic therapy at
the Shengli Oilfield Central Hospital from January, 2016 to
January, 2020, and the basic demographic characteristics and
ischemic stroke‑related data were included in this database.
The present retrospective study was approved by the Shengli
Oilfield Central Hospital Ethics Committee. As this was a
retrospective study, the signing of relevant legal documents of
informed consent was not required.
Clinical evaluation. Basic demographic data, including
a history of hypertension, a history of type 2 diabetes
mellitus, history of hyperlipidemia, history of smoking,
history of alcohol consumption and a history of aspirin
use (100 mg/day, the commonly used antiplatelet drugs
for secondary prevention of cerebrovascular diseases are
aspirin or clopidogrel, and the majority of patients in China
use aspirin alone), and atrial fibrillation (AF; the patients
enrolled in the study were patients treated with oral warfarin.
The use of any direct oral anticoagulant drugs within 24 h
prior to thrombolytic therapy was considered a contraindica‑
tion. The enrolled patients with AF received an oral warfarin
dose of 2.5‑3 mg, and the International Normalized Ratio
value was monitored every 5 days with a control range of
2.0‑3.0). NIHSS scores were obtained upon admission,
onset‑to‑needle time (ONT) and at 24 h following throm‑
bolysis. A brain computed tomography (CT) scan prior to
thrombolysis and at 24 h after thrombolysis is a routine
examination. Routine examinations of serum homocysteine
(Hcy) levels, which is related to H‑type hypertension, were
not performed (results for Hcy levels were not available in
the data collected). The patients were treated with alteplase
thrombolysis at a dose of 0.9 mg/kg, and the maximum dose
was not >90 mg. At the beginning of thrombolysis, 10% of
the total amount was administered by intravenous injection,
and the remaining amount was pumped using a continuous
micropump within 1 h. Generally, if the patient has a cere‑
bral hemorrhage following thrombolytic therapy, in order to
prepare for surgery, the patient's coagulation function needs
to be examined in order to guide the surgery, and often
report the urgent value of prothrombin time and the activated
partial thromboplastin time (APTT) index. A brain CT scan
is generally reviewed within 24 h following intravenous
thrombolytic therapy with alteplase. If there is no intrace‑
rebral hemorrhage, patients should be administered aspirin
(100 mg/day) + clopidogrel (75 mg/day). This is consistent
with the Chinese Guidelines for the Diagnosis and Treatment
of Acute Ischemic Stroke 2018 (10).
Clinical outcome. All patients that received rt‑PA thrombolysis
therapy were divided into two groups, the 0‑3 h (also termed
the ≤3 h) group and the 3‑4.5 h group, in order to observe
whether there were any differences in the NIHSS scores before
thrombolysis and at 24 h after thrombolysis. In addition, the

Figure 1. Diagram of the enrolment flow for the patients in the present study.
Of note, 2 patients had negative results from brain magnetic resonance
imaging. ACS, anterior circulation stroke; PCS, posterior circulation stroke;
UK, urokinase; rt‑PA, recombinant tissue‑type plasminogen activator;
NIHSS, National Institutes of Health Stroke Scale.

patients that received rt‑PA thrombolysis in the 0‑3 h group
were divided into the NIHSS score ≤3 group and the NIHSS
score >3 group, and the improvement rate of the NIHSS score
in the two groups was observed.
Statistical analysis. All statistical analyses were performed
using SPSS 22.0 statistical software (SPSS, Inc.). Continuous
data are presented as the mean ± SD and statistically significant
intergroup differences were assessed using a t‑test. Quantitative
variables are presented as a number and percentage [n (%)] and
statistically significant intergroup differences were assessed
using the χ2 test and Fisher's exact test. A value of P<0.05 was
considered to indicate a statistically significant difference.
Results
From January, 2016 to January, 2020, a total of 989 patients
with acute ischemic stroke received intravenous thrombolysis
therapy at Shengli Oilfield Central Hospital. These included
783 patients with ACS and 203 patients with PCS (of note,
2 patients had negative results from brain magnetic resonance
imaging). The present study aimed to observe patients with
PCS. Of the 203 patients with PCS, 63 received thrombolytic
therapy with urokinase (NS normal saline 100 ml + one million
U urokinase infusion pumped in 30 min) and 140 patients
received intravenous thrombolytic therapy with alteplase.
Among these, 70 patients were included in the 0‑3 h group and
70 patients were included in the 3‑4.5 h group (Fig. 1).
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Table I. Demographic profiling and risk factors in patients with PCS.
Baseline variables	ONT (0‑3 h), n=70	ONT (3‑4.5 h), n=70

P‑value

Demographics			
Male
50 (71.4%)
50 (71.4%)
ns
Age, years
62.90±11.30
65.57±11.66
0.171
Risk factors			
Hypertension
46 (65.7%)
45 (64.3%)
0.859
Diabetes mellitus
18 (25.7%)
26 (37.1%)
0.145
Hyperlipidemia
4 (5.7%)
2 (2.9%)
0.340
Coronary artery disease
12 (17.1%)
15 (21.4%)
0.520
Atrial fibrillation
4 (5.7%)
3 (4.3%)
0.500
Smoking
25 (35.7%)
25 (35.7%)
ns
17 (24.3%)
19 (27.1%)
0.699
History of alcohol consumptiona
History of oral aspirin use
11 (15.7%)
11 (15.7%)
ns
DNT (min)
74.13±32.12
84.34±37.82
0.093
ONT (min)
131.72±34.88
229.58±24.07
0.01
Baseline NIHSS score
6.63±6.94
8.0±8.62
0.302
NIHSS score (24 h after thrombolysis)
3.78±4.22
6.70±9.17
0.016
Data were analyzed using the Chi‑squared test of Fisher's exact test (for values for dyslipidemia and atrial fibrillation). aHistory of alcohol
consumption refers to the consumption of >50 g alcohol daily for >1 month. DNT, door to needle time; NIHSS, National Institutes of Health
Stroke Scale; ONT, onset to needle time; PCS, posterior circulation stroke.

Table II. Demographic profiling and risk factors in patients with PCS (ONT ≤3 h).
Baseline variables

NIHSS score ≤3, n=33

NIHSS score >3, n=37

P‑value

Demographics			
Male
23 (69.7%)
27 (73.0%)
0.762
Age, years
63.00±10.15
67.86±12.56
0.081
Risk factors			
Hypertension
21 (63.6%)
25 (67.6%)
0.729
Diabetes mellitus
12 (36.4%)
6 (16.2%)
0.054
Hyperlipidemia
1 (3.0%)
3 (8.1%)
0.352
Coronary artery disease
6 (18.2%)
6 (16.2%)
0.828
Atrial fibrillation
2 (6.0%)
3 (8.1%)
0.555
Smoking
8 (24.2%)
17 (45.9%)
0.059
6 (18.2%)
11 (29.7%)
0.261
History of alcohol consumptiona
History of oral aspirin use
6 (18.2%)
5 (13.5%)
0.417
DNT (min)
66.37±34.74
75.00±28.81
0.267
ONT (min)
130.34±42.14
132.94±27.43
0.761
NIHSS score improvement rate (24 h after thrombolysis)
0.5354
0.3359
0.038
Data were analyzed using the Chi‑squared test of Fisher's exact test (for values for dyslipidemia, atrial fibrillation and history of oral aspirin
use). aHistory of alcohol consumption refers to the consumption of >50 g alcohol daily for >1 month. DNT, door to needle time; NIHSS,
National Institutes of Health Stroke Scale; ONT, onset to needle time; PCS, posterior circulation stroke.

No statistically significant differences were observed
between the two groups as regards age, sex, history of hyper‑
tension, history of diabetes mellitus, history of hyperlipidemia,
smoking history and history of aspirin use, and there were no
significant differences in the NIHSS scores between the two
groups before thrombolysis. Following thrombolysis therapy,

the NIHSS score of the two groups was statistically analyzed
(the NIHSS score in the 0‑3 h group was 3.78±4.22 and that
in the 3‑4.5 h group was 6.70±9.17); there was a statistically
significant difference between the two groups (P<0.05; Table I).
The patients in the 0‑3 h group who received rt‑PA intrave‑
nous thrombolysis were then divided into the NIHSS score >3
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group and NIHSS score ≤3 group. No statistically significant
differences were observed between the two groups as regards
age, sex, history of hypertension, history of diabetes mellitus,
history of hyperlipidemia, smoking history and history of
aspirin use. The improvement rate in the NIHSS score was
examined prior to thrombolysis therapy and at 24 h after
intravenous thrombolysis therapy; the comparison between the
two groups revealed that the improvement rate in the NIHSS
score ≤3 group was high (the improvement rate in the NIHSS
score >3 group was 33.6%, and that in the NIHSS score ≤3
group was 53.5%); the difference was statistically significant
(P<0.05; Table II).
Discussion
The present retrospective study demonstrated that patients
with PCS could benefit more from intravenous thrombolysis
performed at an earlier stage. In addition, in patients with
mild stroke who received intravenous thrombolysis therapy at
an earlier stage, the improvement rate was more pronounced.
Some researchers have found that the risk of bleeding
following intravenous rt‑PA thrombolysis in PCS (RR 0.49)
is significantly lower than that in ACS (11). A previous study
in China also found that the safety and efficacy of intravenous
thrombolysis in patients with PCS was also higher than that
in patients with ACS (12). It is important to determine the
risk of bleeding following intravenous thrombolysis in PCS.
The Get With the Guidelines Stroke (GWTG‑S) Registry
found that the probability of bleeding after intravenous rt‑PA
thrombolysis in PCS was 4.4%, and the probability in China
was 4.87‑7.3% (13‑15). All patients in the present study did not
suffer from intracerebral hemorrhage following intravenous
thrombolysis therapy. Of note, the probability of intracere‑
bral hemorrhage after thrombolysis in patients with PCS is
lower than that in those with ACS. In addition, the NIHSS
score can indicate more severe conditions, and patients who
require thrombolysis + intravascular interventional therapy
are admitted to neurology intensive care units. However, from
the perspective of pathogenesis, the question remains as to why
the probability of the occurrence of intracerebral hemorrhage
after thrombolysis therapy in PCS is lower than that in ACS.
The small volume of the infarction and the posterior circula‑
tion supplied by bilateral vertebral arteries are considered to
be related (16,17).
In the present study, in the patients who received throm‑
bolysis, a NIHSS score of 3 was considered as the threshold
for patients with mild stroke. However, it remains to be
confirmed whether it is reasonable to use a NIHSS score of 3
as the threshold. Currently, there is no clear definition of mild
stroke. Some researchers have indicated that mild stroke refers
to patients with a NIHSS score of 0‑5 (18). Of note however,
other researchers have defined mild stroke as a NIHSS score
of 0‑3 (19). Thus, there remains some discrepancy as to the
definition of mild stroke. A number of symptoms of PCS
cannot be scored and measured using the NIHSS score (20),
such as dizziness and walking instability. In addition, the
NIHSS score may be low in PCS, and it may not fully reflect
the actual condition of the disease. The present study mainly
introduced acute PCS. Therefore, mild stroke was defined as a
patient with a NIHSS score of <3.

The present retrospective study analyzed the NIHSS
scores before thrombolysis and at 24 h after thrombolysis
therapy, which provides evidence for emergency rt‑PA throm‑
bolysis following admission for acute PCS. Currently, early
neurological deterioration (END) has been put forward as a
concept (21). The NIHSS score 24 h after thrombolysis and
a NIHSS score at the time of intravenous thrombolysis of >4
met the definition of END (22). In the present study, among the
140 patients with PCS who received rt‑PA treatment, 5 patients
met the definition of END 24 h after receiving thrombolysis
therapy. However, it appears that a NIHSS score of <4 is also
meaningful for patients with mild stroke (23). It was previ‑
ously reported that the incidence of END was 16.3% (24) and
17.6% (25), respectively. A recent large cohort study calculated
the incidence of END as 6% (26), and the probability of END
in the present study was 3.6%. The reason may be that the
present retrospective study only examined patients with PCS,
and only examined the patients within 4.5 h of onset. In addi‑
tion, some patients with higher NIHSS scores were directly
admitted to the Neurology Intensive Care Unit of our hospital.
Therefore, the probability of the occurrence of END in the
present study was lower than that of other studies. For patients
who were receive rt‑PA thrombolysis therapy, the incidence of
END caused by symptomatic cerebral hemorrhage accounts
for ~20% (27). In addition, it has also been noted that the
edema following thrombolysis can also lead to the occurrence
of END. Currently, 70% of cases of END are of unknown
cause (28).
The present study had a number of limitations. Firstly,
there were a number of patients with mild or rapidly improved
stroke who did not receive intravenous thrombolysis treat‑
ment, although they were within the intravenous thrombolysis
window time frame. In previous studies on such patients who
were treated with intravenous thrombolysis, the outcome was
not shown to markedly improve (29); however, other studies
have demonstrated a significant improvement in such patients
who were received this treatment (30). In the present study, a
higher proportion of these patients should have received rt‑PA
intravenous thrombolysis. Secondly, the patients were not
followed‑up for the first three months; thus, to date, it cannot
be determined whether there were any adverse conditions or a
repeat of symptoms. Thirdly, there was some bias in the inclu‑
sion of patients in the present study. The present study did not
include patients with cardiogenic cerebral infarction, particu‑
larly those with posterior circulation cerebral infarction. In
such patients, the disease is severe and the NIHSS score is
high. Such patients were directly admitted to the neurological
intensive care unit of our hospital. Furthermore, some patients
received mechanical recanalization therapy and were thus not
included, and finally, the number of patients with atrial fibril‑
lation was minimal in the present study. Patients who received
mechanical thrombectomy therapy were also excluded. Finally,
the present retrospective study was a single‑center study; thus,
some of the data may not be accurate for all patients.
In conclusion, the present retrospective study found that
patients with acute PCS could benefit more from early‑stage
intravenous thrombolysis therapy. In addition, in patients who
received intravenous rt‑PA thrombolysis within 3 h of the
onset of ischemic stroke, it was found that the milder ischemic
stroke, the more prominent he improvement.
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