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Abstract 
Objective: To compare the effects of intravenous alteplase thrombolysis on 
clinical outcomes and safety between patients with anterior and posterior cir-
culation cerebral infarction. Methods: Between April 2019 and December 2024, 
319 patients with acute cerebral infarction underwent intravenous alteplase 
thrombolysis within 4.5 hours at Zhuhai People’s Hospital. They were divided 
by infarction site into anterior (n = 219) and posterior (n = 100) circulation 
groups. Comparisons were made for baseline risk factors, serial National In-
stitute of Health stroke scale (NIHSS) scores, clinical efficacy, discharge mRS 
scores, and rates of bleeding complications (symptomatic or asymptomatic in-
tracranial hemorrhages, oral/gingival, cutaneous, and gastrointestinal). Results: 
Baseline Characteristics: The ACS group had a higher proportion of atrial fibril-
lation, while hypertension and diabetes were more prevalent in the PCS group 
(both P < 0.05). Efficacy Outcomes: No significant differences were observed 
between the two groups in NIHSS scores at any time point (pre-thrombolysis, 
24 h, and 7 d) or in the overall clinical improvement rate. Safety Outcomes: 
The rate of intracranial hemorrhage was significantly higher in the ACS group 
(P < 0.05). Rates of other bleeding events (oral/gingival, cutaneous, gastroin-
testinal) and total bleeding, as well as mortality, did not differ significantly be-
tween groups (P > 0.05). Conclusion: While atrial fibrillation is more common 
in anterior circulation infarction, hypertension and diabetes are more frequent 
in posterior circulation infarction. Early alteplase thrombolysis significantly 
and similarly improves prognosis in both types. For safety, posterior circula-
tion infarction carries a lower risk of intracranial hemorrhage but comparable 
risks of extracranial bleeding. 
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1. Introduction 

Acute ischemic stroke is categorized into anterior circulation stroke (ACS) and 
posterior circulation stroke (PCS) based on the affected vascular territory, which 
are supplied by the carotid and vertebrobasilar artery systems, respectively. Owing 
to distinct anatomical and physiological underpinnings, these two subtypes pre-
sent with different clinical manifestations and prognoses. Intravenous thrombo-
lysis remains the standard treatment within the therapeutic time window. How-
ever, among patients receiving thrombolysis, PCS accounts for only 5% - 19% [1] 
[2], whereas it constitutes up to 36% of stroke patients with a National Institutes 
of Health Stroke Scale (NIHSS) score >25 [3]. Previous research has predominantly 
focused on ACS. Given inherent differences between the circulations—such as in 
blood flow velocity, vascular diameter, and collateral compensation, this patho-
physiological heterogeneity may lead to divergent clinical outcomes following 
thrombolysis. Several international studies suggest that compared with ACS, PCS 
is associated with a lower risk of symptomatic intracranial hemorrhage post-throm-
bolysis [4], whereas others report no significant intergroup difference in safety 
outcomes [5]. Hence, this study systematically compares the clinical efficacy and 
safety of intravenous alteplase thrombolysis between ACS and PCS patients. 

2. Materials and Methods 
2.1. Study Population 

We enrolled 319 AIS patients treated with intravenous alteplase within the 4.5-
hour window at Zhuhai People’s Hospital (April 2019-December 2024). The co-
hort included 226 males and 93 females, with a mean age of 66.34 ± 12.79 years 
(range: 29 - 93). Diagnosis followed the 2023 Chinese AIS guidelines [6] and was 
confirmed by CT/MRI. According to infarct location, patients were divided into 
an anterior circulation stroke (ACS) group (n = 219) and a posterior circulation 
stroke (PCS) group (n = 100). 

Inclusion criteria  
1) Age ≥ 18 years. 2) Diagnosis of AIS according to the 2023 Chinese guidelines, 

with intravenous alteplase treatment initiated within 4.5 hours of onset. 3) Intra-
cranial hemorrhage ruled out by baseline CT; cranial MRI performed during hospi-
talization. 4) Informed consent obtained from the patient or legal representative. 

Exclusion criteria  
1) Underwent bridging endovascular therapy. 2) Prior history of disabling 

stroke (mRS > 2). 3) Contraindications to MRI, such as metal implants or cardiac 
pacemakers. 4) Incomplete key clinical or imaging data. 5) Severe dysfunction of 
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vital organs (heart, lung, liver, kidney, etc.). 

2.2. Assessments and Outcome Measures 
2.2.1. Baseline Variables 
The following baseline data were documented for both groups: demographic char-
acteristics (sex, age, weight, BMI), history of smoking and alcohol use, relevant med-
ical comorbidities (hypertension, diabetes, atrial fibrillation, hyperlipidemia, hyper-
homocysteinemia), and the severity of neurological deficits as measured by the 
NIHSS score on admission. Post-admission laboratory workup encompassed com-
plete blood count, hepatic and renal function panels, blood glucose, lipid profile, 
electrolytes, coagulation studies, and homocysteine levels. Additionally, all patients 
completed a suite of imaging and ancillary tests, including electrocardiography, cra-
nial MRI with MRA, transthoracic echocardiography, and carotid artery ultrasound. 

2.2.2. Methods of Intravenous Thrombolysis 
Intravenous thrombolysis was performed with alteplase (Boehringer Ingelheim, Ger-
many) at a standard dose of 0.9 mg/kg (maximum 90 mg). The medication was re-
constituted in 100 mL of 0.9% normal saline. The infusion protocol consisted of two 
phases: 10% of the total dose was given as an intravenous bolus over 1 minute; the 
remaining 90% was then infused continuously over 60 minutes via an infusion pump. 

2.2.3. Observation Indicators 
1) Efficacy Evaluation 
Neurological function was assessed using the NIHSS at three time points: before 

thrombolysis, 24 hours after thrombolysis, and 7 days after thrombolysis. Lower 
NIHSS scores indicate better neurological function. 

The improvement rate of NIHSS score at 7 days after thrombolysis was calcu-
lated as follows: 

NIHSS improvement rate (%) = (NIHSS score before thrombolysis − NIHSS 
score after thrombolysis)/NIHSS score before thrombolysis × 100% 

The therapeutic effect was classified based on the improvement rate: 
• Markedly effective: improvement rate ≥ 70% 
• Effective: improvement rate between 30% and 69% 
• Ineffective: improvement rate < 30% 

The clinical improvement rate was defined as the combination of markedly ef-
fective and effective cases. 

Functional outcome was evaluated at discharge using the modified Rankin Scale 
(mRS). Lower mRS scores indicate better prognosis. Outcomes were categorized 
as follows: 
• Good outcome: mRS score 1 - 2 
• Poor outcome: mRS score 3 - 5 
• Death: mRS score 6 

2) Safety Evaluation  
Patients were monitored for post-thrombolysis bleeding events, including cu-
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taneous/mucosal, gastrointestinal, symptomatic or asymptomatic intracranial 
hemorrhages, and oral/gingival bleeding. 

2.3. Statistical Analysis 

All analyses were conducted using SPSS 26.0. Continuous variables are expressed 
as mean ± SD, and their distribution was tested for normality with the Kolmogo-
rov-Smirnov test. Group comparisons were made as follows: the independent t-
test for normally distributed data, the Mann-Whitney U test for non-normally 
distributed data, and the chi-square test for categorical variables. Statistical signif-
icance was set at P < 0.05. 

3. Results 
3.1. Baseline Characteristics 

The two groups were comparable in age, sex, BMI, and the rates of smoking, al-
cohol use, hyperlipidemia, and hyperhomocysteinemia (all P > 0.05). Significant 
differences were observed in specific comorbidities: diabetes and hypertension 
were significantly more prevalent in the PCS group, while atrial fibrillation was 
more common in the ACS group (P < 0.05). Details are presented in Table 1. 

 
Table 1. General characteristics of the two groups. 

Variable ACS (n = 219) PCS (n = 100) Test value P value 

Sex (Male/Female) n (149/70) (77/23) 2.34 0.126 

Age, years 66.68 ± 12.39 65.71 ± 13.63 0.63 0.531 

BMI (kg/m2) 24.05 ± 3.52 24.13 ± 3.48 0.19 0.550 

Smoking, n (%) (91/41.6%) (41/41%) 0.01 0.920 

Alcohol, n (%) (65/29.7%) (37, 37%) 1.84 0.175 

Diabetes, n (%) (58, 26.5%) (38, 38%) 4.71 0.03 

Hypertension, n (%) (139, 63.5%) (78, 78%) 7.12 0.008 

Atrial fibrillation, n (%) (37, 16.9%) (7, 7%) 5.98 0.014 

Hyperlipidemia n (%) (100, 45.7%) (44, 44%) 0.008 0.777 

Hcy (%) (58, 26.5%) (22, 22%) 0.82 0.366 

3.2. Comparison of NIHSS Scores 

NIHSS scores did not differ significantly between the two groups at any of the 
three time points (before, 24 hours after, and 7 days after thrombolysis) (P > 0.05). 
See Table 2. 
 
Table 2. NIHSS scores before thrombolysis, at 24 hours, and at 7 days after thrombolysis 
of two groups. 

 ACS (n = 219) PCS (n = 100) Test value P value 

before thrombolysis NIHSS ( x s± ) 5.99 ± 4.16 5.68 ± 5.00 0.54 0.295 

24 h NIHSS ( x s± ) 3.72 ± 4.1 4.07 ± 6.42 0.50 0.31 

7 d NIHSS ( x s± ) 2.52 ± 3.75 3.39 ± 6.56 1.24 0.109 
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3.3. Comparison of Clinical Efficacy (n, %) 

The NIHSS improvement rate at 7 days after thrombolysis was calculated using 
the formula: 

NIHSS improvement rate (%) = (NIHSS score before thrombolysis − NIHSS 
score after thrombolysis)/NIHSS score before thrombolysis × 100%. 

Therapeutic outcomes were categorized as follows: 
Markedly effective: improvement rate ≥ 70%; 
Effective: improvement rate 30% - 69%; 
Ineffective: improvement rate < 30%. 
The clinical improvement rate (including markedly effective and effective cases 

improvement) showed no statistically significant difference between the two groups 
(P > 0.05). Details are presented in Table 3. 

 
Table 3. Clinical Efficacy of two groups. 

 ACS (n = 219) PCS (n = 100) Test value P value 

Markedly effective 125 52 0.716 0.397 

Effective 52 24 0.002 0.960 

Ineffective 42 24 0.972 0.324 

Total effective 177 (80.1%) 76 (76%) 0.972 0.324 

3.4. Comparison of Bleeding Events (n, %) 

The incidence of intracranial hemorrhage was significantly higher in the ACS 
group than in the PCS group (P < 0.05). No significant intergroup differences were 
observed in other bleeding events or in the total bleeding rate (all P > 0.05). De-
tailed data are provided in Table 4. 

 
Table 4. Bleeding events of two groups. 

 ACS (n = 219) PCS (n = 100) Test value P value 

skin 11 (5.0%) 3 (3.0%) 0.274 0.600 

gastrointestinal tract 2 (0.9%) 2 (2.0%) 0.07 0.789 

intracranial 20 (9.1%) 3 (3.0%) 3.86 0.049 

oral/gingival 4 (1.8%) 1 (1.0%) 0.004 0.948 

total bleeding 37 (16.8%) 9 (9.0%) 3.467 0.063 

3.5. Comparison of mRS Scores at Discharge and Mortality (n, %) 

There were no significant differences in discharge mRS scores or mortality be-
tween the groups (P > 0.05). See Table 5. 

 
Table 5. mRS Scores of two groups. 

 ACS (n = 219) PCS (n = 100) Test value P value 

0 - 1 130 64 0.620 0.431 

2 - 3 62 22 1.409 0.235 
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Continued 

4 - 5 25 12 0.023 0.879 

6 2 2 0.071 0.789 

4. Discussion 

Recombinant tissue plasminogen activator (rt-PA) administered intravenously 
within 4.5 hours constitutes a primary intervention for AIS. Posterior circulation 
stroke (PCS) is an important subtype, though it typically represents only 12% - 
19% of thrombolysis recipients [7]. In the present five-year retrospective analysis 
from a single cerebrovascular center, 319 patients treated with intravenous rt-PA 
thrombolysis (without bridging therapy) were categorized into ACS (n = 219) and 
PCS (n = 100) groups based on infarct topography. The proportion of PCS in our 
series (31.3%) exceeded the commonly reported range. One possible explanation 
for this higher proportion is the deliberate exclusion of patients who underwent 
subsequent endovascular therapy. 

Our study found a significantly higher prevalence of atrial fibrillation in the 
ACS group than in the PCS group. This aligns with established etiological differ-
ences between the two stroke subtypes. Prior studies report that cardiogenic em-
bolism is less common in PCS than in ACS [8], and that vertebrobasilar infarc-
tions are more frequently attributable to small vessel occlusion [9]. This pattern is 
likely attributable to the hemodynamic tendency for cardiogenic emboli to follow 
flow into the anterior circulation, which has a richer vascular supply. Although 
our study did not perform TOAST etiological subtyping, the existing literature 
consistently supports a higher frequency of cardioembolic mechanisms in ACS 
[10] [11]. Our finding of a higher prevalence of hypertension and diabetes in the 
PCS group aligns with established risk profiles for posterior circulation infarction. 
This pattern is supported by studies linking diabetes to a significantly increased 
risk of brainstem infarction [12] and hypertension to posterior circulation events 
[13] [14]. The specific vulnerability of the vertebrobasilar system to these meta-
bolic and hemodynamic factors, while not fully understood, may contribute to a 
heightened risk of small vessel disease in this region. 

Intracranial hemorrhage, the most serious complication of intravenous throm-
bolysis, occurred significantly more often in ACS than in PCS patients in our study 
(P < 0.05). No significant intergroup differences were found in other bleeding 
types or the overall bleeding rate. This discrepancy aligns with international re-
ports [15] and may be attributed to several factors. First, the posterior circulation 
may benefit from superior collateral flow compared to the anterior circulation 
[16]. Robust collaterals are associated with a lower risk of major hemorrhage after 
acute recanalization therapies [17] [18]. Second, better collaterals may limit in-
farct growth in PCS, resulting in smaller final infarct volumes—a known predictor 
of lower hemorrhage risk [19]. Third, histopathological responses may differ be-
tween regions, with potential delay in blood-brain barrier disruption in PCS, fur-
ther reducing reperfusion hemorrhage risk [20]. 
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We observed no significant differences in NIHSS scores between ACS and PCS 
patients at any assessment point. The ACS group had only a non-significant trend 
toward greater NIHSS improvement at day 7 and a higher response rate. Func-
tional outcomes (discharge mRS) and mortality were also similar. This finding of 
comparable short-term efficacy aligns with a shifting consensus on prognosis. 
Historically, PCS was associated with worse outcomes. In contrast, contemporary 
studies report that PCS patients receiving intravenous thrombolysis often have 3-
month functional recovery that is comparable to, if not better than, that of ACS 
patients [4] [21]. 

5. Study Limitations 

No follow-up assessments using the NIHSS or mRS were conducted beyond the 
3-month time point; therefore, the medium- and long-term neurological functional 
outcomes could not be evaluated. 

6. Conclusion 

This study demonstrates distinct comorbidity profiles between anterior and pos-
terior circulation cerebral infarction: anterior circulation infarction shows a stronger 
association with atrial fibrillation, while posterior circulation infarction is more 
closely related to hypertension and diabetes. Intravenous alteplase thrombolysis 
was equally effective in both groups. Furthermore, patients with posterior circu-
lation infarction had a lower risk of intracranial hemorrhage, while other bleeding 
risks were comparable to those of anterior circulation infarction. Therefore, for 
eligible patients with acute cerebral infarction, intravenous thrombolysis should 
be actively implemented regardless of infarct location. 
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