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Abstract
Intravenous thrombolysis (IVT) with recombinant tissue plasminogen activator (rt-PA) is the preferred treatment for 
acute ischemic stroke (AIS). Nevertheless, only approximately half of patients undergoing IVT experience positive 
outcomes. The objective of the study was to examine the clinical characteristics of patients with AIS and identify 
predictors for unfavorable clinical outcomes at 3 months after IVT. This retrospective cohort study comprised 3805 
consecutive patients diagnosed with AIS who received IVT. Patients categorized as having a poor outcome were 
those with a modified Rankin scale score (mRS) of 3–6, while those categorized as having a good outcome had a 
score of 0–2. Clinical profiles and laboratory examinations were compared among patients with differing outcomes. 
A logistic regression model was utilized to investigate potential factors correlated with unfavorable outcomes. Of 
the 3805 patients included in the study, 3176 (83.5%) were found to have a good outcome, while 629 (16.5%) 
experienced an poor outcome following IVT. Advancing age (OR = 1.037, P < 0.001) and higher baseline National 
Institutes of Health Stroke Scale (NIHSS) scores (OR = 1.156, P < 0.001) were significant independent predictors of 
a poor outcome. The area under curve (AUC) values for age, NIHSS score, and the combined effect of age and 
NIHSS score in predicting a poor response were 0.644, 0.761, and 0.777, respectively. Our research indicates that 
advancing age and higher baseline NIHSS score may serve as prognostic indicators for predicting early unfavorable 
outcomes following IVT in patients with AIS.
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Introduction
Stroke is a significant cause of functional impairment 
and places considerable health and economic burdens on 
the population of China [1]. With an estimated 3 million 
new stroke cases annually [2], stroke continues to play a 
critical role in both mortality and disability rates, despite 
a decreasing trend in mortality [3]. Intravenous throm-
bolysis (IVT) with recombinant tissue plasminogen acti-
vator (rt-PA) has demonstrated efficacy in treating acute 
ischemic stroke (AIS) patients within a 4.5-hour window 
of symptom onset [4]. Nevertheless, the use of rt-PA is 
hindered by various limitations, such as ischemia-reper-
fusion injury and the potential for hemorrhagic compli-
cations, which may diminish its therapeutic value in AIS 
patients [5]. Previous studies have indicated that a sub-
stantial proportion of individuals suffering from stroke 
do not experience positive outcomes following IVT 
treatment [6]. Consequently, there is a critical need to 
investigate the potential risk factors and quantifiable bio-
markers associated with early unfavorable responses to 
IVT in patients with AIS.

A prognostic model designed for the early prediction 
of clinical outcomes in patients undergoing t-PA treat-
ment should incorporate variables that are easily acces-
sible within clinical environments. Currently, there exists 
a scarcity of prognostic models for stroke recovery, with 
the predictive capabilities falling short of satisfactory 
levels. An expanding body of research has shown that 
various factors, such as older age, male, initial National 
Institutes of Health Stroke Scale (NIHSS) score, high lev-
els of glucose and HbA1c, and peripheral inflammatory 
biomarkers, are correlated with unfavorable outcomes 
in patients with AIS following IVT. Specifically, it has 
been documented that a combination of age, C-reactive 
protein (CRP), systolic blood pressure (SBP), and blood 
glucose levels served as a classifier capable of predict-
ing a poor response to t-PA treatment in a cohort of 145 
patients with AIS [7]. Moreover, another study has dem-
onstrated that elevated serum glucose levels at admission 
independently predict adverse neurological outcomes at 
90 days post-treatment in a group of 138 AIS patients 
receiving IVT [8]. Furthermore, a study involving 212 
patients with AIS who received IVT reported a negative 
correlation between hs-CRP levels exceeding 1.60  mg/L 
and a favorable thrombolysis response rate [9]. Addi-
tionally, recent research identified blood fibrinogen 
and homocysteine levels as independent risk factors for 
90-day functional dependence in 276 AIS patients [10]. 
However, the existing stroke prognostic models exhibit 
significant variability in quality, and the prediction mod-
els for post-stroke mortality are constrained by limita-
tions such as sample size, scope of clinical variables, and 
overall clinical applicability [11, 12]. Consequently, there 
is a pressing need for a predictive model that leverages 

a multicenter cohort with a substantial sample size to 
enable early estimation of clinical outcomes for patients 
with AIS following IVT.

In this study, we conducted a retrospective investiga-
tion into various baseline clinical characteristics that may 
be associated with poor clinical outcomes following IVT 
in 3805 patients with AIS from 32 designated hospitals in 
Shenzhen, with the aim to shed light on the potential risk 
factors of early poor response to IVT in AIS patients.

Methods
Study design and participants
This retrospective cohort study enrolled 3805 patients 
with AIS who received IVT between January 2022 and 
December 2023. Patients were consecutively recruited 
from the Shenzhen Center for Quality Control of Cere-
brovascular Disease Treatment database, which aggre-
gates stroke data from 32 designated hospitals in 
Shenzhen. Subsequent evaluations at 90 days post IVT 
were performed to assess patient prognoses and ascer-
tain clinical outcomes. The diagnosis of AIS adhered to 
the criteria established by the World Health Organization 
and was validated through brain computed tomography 
or magnetic resonance imaging scans. The indications 
and contraindications for IVT were determined accord-
ing to the Chinese guidelines for the diagnosis and treat-
ment of acute ischemic stroke (2018) [13]. Participants 
were included in the final analysis if they satisfied the 
following criteria: (1) admission within 4.5 h of symptom 
onset; (2) administration of IVT with r-tPA; (3) age of 18 
years or older; and (4) a baseline NIHSS score of ≤ 25. 
The exclusion criteria were as follows: (1) patients receiv-
ing bridging therapy; (2) patients with malignant tumors, 
autoimmune diseases, or hematological disorders; (3) 
presence of acute or chronic infections; (4) severe hepatic 
or renal insufficiency; and (5) patients with incomplete 
follow-up data. Written informed consent was obtained 
for all patients to put information in the registry data-
base and analyze them anonymously. This study was 
performed in accordance with the ethical principles of 
the 1964 Declaration of Helsinki and approved by the 
Clinical Research Ethics Committee of Shenzhen Second 
People’s Hospital (ID number: 20211011010-FS01). The 
study was registered at the Chinese Clinical Trial Regis-
try (ID number: ChiCTR2200055653; registration date: 
2022/01/15), and the patient selection process is depicted 
in Fig. 1.

Data collection
Data were inputted into the Shenzhen Center for Qual-
ity Control of Cerebrovascular Disease Treatment data-
base by individual centers through a web-based patient 
data collection interface operated by trained registrars. 
Demographic characteristics, conventional vascular risk 
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factors (such as hypertension, diabetes, smoking status, 
alcohol consumption history, and previous stroke occur-
rence), as well as laboratory data, were extracted from 
the database for analysis.

Clinical outcomes
Neurologists with specialized training and qualifications 
assessed all post-stroke clinical outcomes of enrolled 
patients at the 3-month mark through telephone con-
sultations or outpatient follow-up visits. The modified 
Rankin Scale (mRS) was utilized to evaluate these out-
comes, with a mRS score of ≤ 2 indicating a good out-
come and a score of > 2 indicating a poor outcome [14, 
15].

Statistical analysis
The data analysis was conducted using SPSS (Version 
17.0; SPSS, Inc, Chicago, IL, USA). The Kolmogorov-
Smirnov one-sample test was employed to detect nor-
mal distributions. Descriptive analyses were performed, 
with normally distributed quantitative variables reported 
as means ± standard deviation (SD), and skewed quan-
titative variables reported as median and interquartile 
range (IQR; 25–75%). Baseline characteristics differences 
between groups were assessed using Student’s t-test or 
Mann-Whitney U test for continuous variables, and 
the Chi-square test for categorical variables. Logistic 

regression analysis was employed to identify risk factors 
associated with a poor response. Correlation analysis 
was performed using Spearman correlation analysis. The 
discriminatory capacity of each risk factor for predicting 
a 90-day prognosis was evaluated through the receiver 
operating characteristic (ROC) curve. Statistical signifi-
cance was established at a two-tailed P-value below 0.05.

Results
Differences in clinical and demographic characteristics of 
patients with a good outcome and a poor outcome
The demographic and clinical characteristics are pre-
sented in Table 1, with 83.5% of patients (n = 3176) dem-
onstrating a good outcome to IVT and 16.5% of patients 
(n = 629) showing a poor outcome. The observed dis-
parities between the two groups were as follows: age 
(P < 0.001), sex (P < 0.001), BMI (P = 0.011), baseline 
NIHSS score (P < 0.001), smoking (P = 0.027), diabe-
tes mellitus (P < 0.001), previous stroke (P = 0.044), dia-
stolic blood pressure (P = 0.019), serum glucose level 
(P < 0.001), neutrophil count (P < 0.001), lymphocyte 
count (P < 0.001), hs-CRP level (P < 0.001), fibrinogen 
level (P < 0.001), D-dimer level (P < 0.001), HbA1c level 
(P < 0.001), ALT level (P < 0.001), serum uric acid level 
(P = 0.001), and BUN level (P < 0.001).

Fig. 1  Study inclusion flow chart. AIS, acute ischemic stroke; rt-PA, recombinant tissue plasminogen activator; mRS, modiffed Rankin Scale Score; HbA1c, 
glycated hemoglobin; NIHSS, National Institute of Health Stroke Scale
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Logistic regression analysis to identify risk factors 
associated with a poor outcome
Variables found to be statistically significant in Table  1 
were incorporated into a binary logistic regression 
model to ascertain independent risk factors for a poor 
outcome to IVT. All potential independent factors 
successfully passed the collinearity test, with a vari-
ance inflation factor below 5. After adjustment for all 

potential confounders, an increased age (OR = 1.037, 
95%CI = 1.018–1.056, P < 0.001) and baseline NIHSS 
score (OR = 1.156, 95%CI = 1.116–1.197, P < 0.001) were 
identified as independent factors for a poor response to 
IVT (Table 2). Figure 2 shows the violin plots of the age 
and baseline NIHSS score for the two groups.

Relationship between mRS score and age or baseline 
NIHSS score in patients with AIS
As shown in Fig. 3, the results of the correlation analysis 
showed that mRS score at 3 month was positively corre-
lated with age (r = 0.206, P < 0.001) and baseline NIHSS 
score (r = 0.377, P < 0.001) in patients with AIS.

Table 1  Univariate analysis of baseline characteristics and clinical outcome
Characteristics All patients

(n = 3805)
Good outcome
(n = 3176)

Poor outcome
(n = 629)

P value

Age (median [IQR]) 59 (51, 69) 58 (50, 68) 66 (55, 76) < 0.001
Sex (male), N (%) 2676 (70.3) 2276 (71.7) 400 (63.6) < 0.001
BMI (median [IQR]) 24.12 (21.64, 26.25) 24.22 (21.86, 26.28) 23.44 (20.67, 25.97) 0.011
Baseline NIHSS score, median (IQR) 4 (2, 8) 4 (2, 7) 10 (5, 14.25) < 0.001
ODT, min (median [IQR]) 88 (50, 145) 88 (50, 145) 88 (48, 148) 0.915
DNT, min (median [IQR]) 35 (26, 49) 35 (26, 48) 35 (27, 50) 0.364
ONT, min (median [IQR]) 133 (88, 193) 132 (88, 192) 138 (87, 195) 0.569
Medical history, n (%)
  Smoking 1301 (34.2) 1110 (34.9) 191 (30.5) 0.027
  Alcohol drinking 928 (24.4) 786 (24.7) 142 (22.6) 0.246
  Hypertension 1130 (29.7) 957 (30.1) 173 (27.5) 0.188
  Diabetes 356 (9.4) 268 (8.4) 88 (14.0) < 0.001
  Previous stroke 622 (16.3) 487 (15.3) 135 (21.5) < 0.001
Blood pressure, median (IQR)
  Systolic blood pressure, mmHg 148 (132, 163) 147 (132, 162) 150 (134, 165) 0.106
  Diastolic blood pressure, mmHg 88 (79, 98) 88 (80, 98) 87 (78, 97) 0.019
Laboratory examination, median (IQR)
  Serum glucose, mmol/L 5.90 (5.05, 7.42) 5.80 (5.00, 7.11) 6.71 (5.50, 8.95) < 0.001
  LDL-C, mmol/L 2.90 (2.28, 3.54) 2.92 (2.29, 3.53) 2.82 (2.23, 3.56) 0.163
  Neutrophil, 109/L 4.80 (3.69, 6.60) 4.71 (3.63, 6.47) 5.32 (4.03, 7.50) < 0.001
  Lymphocyte, 109/L 2.00 (1.45, 2.72) 2.05 (1.50, 2.75) 1.82 (1.26, 2.57) < 0.001
  hs-CRP, mg/L 1.68 (0.55, 4.60) 1.51 (0.50, 4.11) 2.50 (0.84, 7.60) < 0.001
  Fibrinogen, mg/dL 2.99 (2.52, 3.57) 2.95 (2.49, 3.52) 3.13 (2.66, 3.84) < 0.001
  D-dimer, mg/L 0.44 (0.22, 1.38) 0.40 (0.22, 1.17) 0.90 (0.30, 2.61) < 0.001
  HbA1c, % 5.90 (5.60, 6.50) 5.90 (5.50, 6.40) 6.10 (5.60, 7.20) < 0.001
  ALT, U/L 20 (15, 29) 21 (15, 29) 19 (14, 25) < 0.001
  Cystatin C, mg/L 1.00 (0.81, 1.34) 1.00 (0.81, 1.34) 1.00 (0.82, 1.33) 0.849
  Serum uric acid, µmol/L 348.63 (285.90, 426.00) 351.00 (287.90, 429.25) 337.00 (271.10, 408.70) 0.001
  Serum creatinine, µmol/L 74.20 (62.00, 88.50) 74.10 (62.00, 88.00) 74.90 (61.40, 92.00) 0.411
  BUN, mmol/L 5.41 (4.34, 6.71) 5.39 (4.31, 6.61) 5.60 (4.46, 7.32) 0.001
  Hcy, µmol/L
  Hcy, µmol/L

11.90 (9.5, 15.40) 11.80 (9.40, 15.30) 12.16 (9.90, 16.00) 0.074

BMI: body mass index; ODT: onset to door time; DNT: door-to-needle time; ONT: onset-to-needle time; LDL-C: low-density lipoprotein cholesterol; hs-CRP: high-
sensitivity C-reactive protein; HbA1c: hemoglobinA1c; ALT: alanine aminotransferase; BUN: blood urea nitrogen; Hcy: homocysteine

Table 2  Binary logistic regression analysis of potential risk factors 
related to a poor outcome

P Exp (B) 95% CL
Age < 0.001 1.037 1.018–1.056
Baseline NIHSS score < 0.001 1.156 1.116–1.197
Variables adjusted for multivariate regression analysis are as follows: sex, BMI, 
smoking, diabetes, Previous stroke, diastolic blood pressure, serum glucose 
level, neutrophil count, lymphocyte count, hs-CRP level, fibrinogen level, 
D-dimer level, HbA1c level, ALT level, serum uric acid level, and BUN level
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ROC curve analysis to assess the overall discriminatory 
ability in identifying poor responders to IVT
ROC curves were utilized to assess the discriminatory 
capacity of age and baseline NIHSS score in identifying 
poor responders to IVT. The AUC for age in discrimi-
nating poor responders to IVT was found to be 0.644 
(95%CI = 0.620–0.668, P < 0.001), with an optimal cut-
off of 65.5 and corresponding sensitivity and specificity 

values of 52.3% and 70.0%, respectively (Fig.  4A). The 
AUC for the baseline NIHSS score was determined to be 
0.761 (95%CI = 0.740–0.782, P < 0.001), with a calculated 
cutoff value of 5.5. The sensitivity and specificity of this 
cutoff were found to be 72.0% and 68.2%, respectively 
(Fig.  4B). A single biomarker possesses intrinsic speci-
ficity and sensitivity that are inherently limited; how-
ever, the integration of multiple biomarkers can enhance 

Fig. 3  Positive relationship between mRS score and age or baseline NIHSS score in patients with AIS. (A) relationship between mRS score and age; (B) 
relationship between mRS score and age or baseline NIHSS score

 

Fig. 2  The violin plot in distribution of age and baseline NIHSS score between good outcome and poor outcome groups. (A) the violin plot in distribution 
of age; (B) the violin plot in distribution of baseline NIHSS score
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clinical performance [16]. Thus, an ROC curve analysis 
was performed to assess the discriminatory capacity of 
the combined variables of age and baseline NIHSS score 
in distinguishing between good responders and poor 
responders to IVT. The AUC for this combination was 
calculated to be 0.777 (95%CI = 0.754-0.800, P < 0.001; 
Fig. 4C). In order to further improve the sensitivity and 
specificity, variables with a P value of < 0.1 in the binary 
logistic regression model were included in the com-
bined panel in identifying poor responders to IVT. As 
shown in Fig. 4D, the ROC curve analysis demonstrated 
that a combined panel of age, baseline NIHSS score, 
previous stroke, diastolic blood pressure, lymphocyte, 

and hs-CRP slightly increased the AUC value to 0.787 ( 
95%CI = 0.765–0.810, P < 0.001).

To further elucidate the association between age and 
functional prognosis in AIS patients following IVT, all 
patients were stratified into two groups based on the 
optimal cutoff value of age: a low age group (< 66) and a 
high age group (≥ 66). The distribution of mRS between 
these two groups is shown in Fig.  5A. The prognosis of 
the high age group was worse than that of the low age 
group (mRS > 2, 34.7% vs. 21.6%; χ2 = 75.485, P < 0.001; 
OR = 1.933, 95%CI = 1.664–2.246).

To further elucidate the association between baseline 
NIHSS score and functional prognosis in AIS patients 

Fig. 4  ROC analysis of age, baseline NIHSS score, and a pannel with multiple potential risk factors for predicting 3-month functional prognosis in AIS 
patients after IVT. (A) ROC analysis of age; (B) ROC analysis of baseline NIHSS score; (C) ROC curve of a combined panel of age and baseline NIHSS score; 
(D) ROC curve of a combined panel of age, baseline NIHSS score, previous stroke, diastolic blood pressure, lymphocyte, and hs-CRP
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Fig. 5  Distribution of scores on the modified Rankin Scale at 90 days. (A) the distribution of mRS scores based on age; (B) the distribution of mRS scores 
based on baseline NIHSS score
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following IVT, all patients were stratified into two groups 
based on the optimal cutoff value of baseline NIHSS 
score: a low NIHSS score group (< 6) and a high NIHSS 
score group (≥ 6). The distribution of mRS between 
these two groups is shown in Fig.  5B. The prognosis of 
the high NIHSS score group was worse than that of the 
low NIHSS score group (mRS > 2, 44.7% vs. 17.2%; χ2 = 
330.101, P < 0.001; OR = 3.888, 95%CI = 3.343–4.521).

Discussion
The objective of this retrospective investigation was to 
examine the clinical characteristics of 3805 patients with 
AIS and identify predictors for unfavorable clinical out-
comes at 3 months after IVT. The study yielded three 
key findings. Firstly, the prevalence of poor outcome 
in patients with AIS following IVT was determined to 
be 16.5%. Secondly, logistic regression analysis identi-
fied advancing age and higher baseline NIHSS scores as 
significant risk factors for a poor outcome at 3 months 
after IVT. Lastly, a combined panel of age and baseline 
NIHSS scores achieved a moderate accuracy in predict-
ing 3-month functional prognosis.

Intravenous r-tPA has served as the primary treatment 
for AIS for more than two decades [17]. Nevertheless, 
research indicates that certain patients exhibit resistance 
to r-tPA, while others may encounter a deterioration in 
their clinical presentation, such as symptomatic intra-
cranial hemorrhage [18, 19]. Multiple studies have indi-
cated that a significant proportion of patients diagnosed 
with AIS who undergo IVT experience unfavorable out-
comes, ranging from 25 to 50% [20–22]. However, the 
current study observed that only 16.5% of patients failed 
to achieve favorable outcomes following IVT treatment. 
The lower incidence of adverse outcomes observed in 
this study may be attributed to the relatively low baseline 
NIHSS scores. In the current study, 60.4% (2299 out of 
3805) of patients had a baseline NIHSS score of ≤ 5. Simi-
larly, in the study conducted by Tang et al., all patients 
had acute mild ischemic stroke with a baseline NIHSS 
score of ≤ 5, and 24.5% experienced an unfavorable out-
come at 3 months [21]. On the contrary, in AIS patients 
with a baseline NIHSS score of ≥ 16, the incidence of 
adverse outcomes was 71.6% [23]. Another reason to the 
lower incidence of poor outcomes may be related to the 
utilization of the Shenzhen stroke emergency map [24]. 
Prehospital delay has been identified as a significant con-
tributing factor to the low rate of rt-PA thrombolysis 
for AIS in China [25]. Regional emergency systems have 
been demonstrated as an effective strategy for enhanc-
ing access to thrombolysis. In order to expedite access to 
rt-PA thrombolysis in Shenzhen, the Shenzhen health-
care administrations implemented a stroke emergency 
map [26]. This map included the certification of eligible 
local hospitals, the identification of stroke patients, an 

acute stroke transport protocol, and the ongoing main-
tenance of the map [26]. A recent retrospective obser-
vational study was conducted to compare consecutive 
patients with AIS who presented at qualified local hos-
pitals before and after the implementation of the Shen-
zhen stroke emergency map [24]. The findings indicated 
a significant increase in the rate of patients receiving 
rt-PA thrombolysis from 8.3 to 9.7% (P = 0.003) following 
the implementation of the map. Additionally, there was a 
reduction in both the median onset-to-needle time and 
door-to-needle time (175.5 min vs. 149.5 min, P = 0.039; 
71.5 min vs. 51.5 min, P < 0.001) [24]. Previous research 
has indicated that early hospital arrival is associated with 
improved functional outcomes and reduced mortality 
following a stroke. Specifically, it has been demonstrated 
that arriving at the hospital within 6 h of stroke onset cor-
relates with neurological improvement during hospital-
ization and favorable functional outcomes three months 
post-stroke in patients with acute ischemic stroke [27, 
28]. Notably, each minute reduced in the onset-to-nee-
dle time has been shown to contribute an additional 1.8 
days of healthy life for stroke patients [29]. It has been 
reported that 15.2% of AIS patients, with a median onset-
to-needle time of 148  min, experienced poor outcomes 
(mortality) following IVT [30]. Similarly, the present 
study found that 16.5% of patients, with a median onset-
to-needle time of 133  min, experienced poor outcomes 
following IVT. Therefore, a prospective study should be 
conducted to assess the difference in poor outcome rates 
among patients with acute ischemic stroke who receive 
IVT before and after the introduction of the Shenzhen 
stroke emergency map.

Age is considered the primary non-modifiable risk 
factor for AIS [31, 32]. Data from the American Heart 
Association indicates that the likelihood of experiencing 
a stroke rises in correlation with advancing age [33]. Indi-
viduals over the age of 45 exhibit a twofold increase in 
stroke occurrence with each successive decade, and the 
majority of cerebrovascular incidents manifest in indi-
viduals over the age of 65 [34]. Age is also a significant 
factor in stroke outcomes, with advanced age frequently 
associated with diminished functional recovery [35, 36]. 
Research has shown that AIS patients receiving IVT who 
are aged 80 or older have a substantially higher risk of 
experiencing an unfavorable outcome or mortality within 
three months of stroke onset compared to those under 
the age of 60 [37]. This phenomenon is likely attribut-
able to comorbidity and increased stroke severity, both 
of which are more prevalent in older individuals. Previ-
ous studies have well demonstrated a higher prevalence 
of cerebrovascular risk factors, including hypertension, 
diabetes mellitus, atrial fibrillation, and dyslipidemia, in 
the elderly population. This may contribute to elevated 
mortality rates and unfavorable outcomes in cases of AIS 
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treated with IVT [38]. In the current investigation, a con-
sistent finding emerged indicating that advanced age was 
independently associated with a diminished response to 
IVT in patients with AIS, and a positive correlation was 
observed between age and mRS score at 3 months post-
treatment in this patient population. Analysis of the ROC 
curve revealed an optimal cutoff age of 65.5 for predict-
ing the occurrence of poor outcomes, with AIS patients 
aged 66 or older exhibiting approximately twice the risk 
of experiencing an unfavorable outcome compared to 
those younger than 66. Collectively, these findings sug-
gest that older age contributed to be the independent 
factors associated with unfavorable outcomes after IVT 
in AIS patients, and close attention should be paid to the 
prognosis of AIS patients of advanced age.

The NIHSS score is commonly employed for evaluat-
ing the severity of clinical stroke. Baseline NIHSS has 
been identified as a significant predictor of unfavorable 
outcomes in AIS following IVT [22, 39]. Specifically, a 
study reported that patients with lower NIHSS scores 
upon admission are more likely to experience favorable 
outcomes after receiving rt-PA [40]. Moreover, a pro-
spective study involving 269 Chinese AIS patients treated 
with IVT revealed that higher NIHSS scores were asso-
ciated with a fivefold increase in the risk of unfavorable 
functional outcomes [41]. Furthermore, it was found that 
an admission NIHSS score of less than 7 was a significant 
predictor of a favorable functional outcome in a cohort 
of 121 patients with minor stroke who underwent intra-
venous rt-PA therapy [42]. Additionally, severe strokes, 
often characterized by NIHSS scores exceeding 20 or 
25, are commonly associated with large infarctions and 
an increased likelihood of hemorrhagic transformation 
and poorer prognosis [43]. In this study, it was consis-
tently observed that a higher baseline NIHSS score was 
independently associated with a poor response to IVT in 
patients with AIS, and mRS score at 3 month was posi-
tively correlated with baseline NIHSS score in patients 
with AIS. The analysis of the ROC curve indicated that a 
baseline NIHSS score of 5.5 was identified as the optimal 
cutoff value for predicting poor outcome occurrence, and 
the prognosis of the high NIHSS score group was worse 
than that of the low NIHSS score group.

Sex-based biological differences and sex-related socio-
cultural factors influence the epidemiology, pathophysiol-
ogy, treatment, and prognosis of cardiovascular diseases 
[44]. Recent research indicates that women exhibit 
greater responsiveness to r-tPA [45]. However, the litera-
ture remains inconclusive regarding sex-related differ-
ences in functional outcomes among patients with AIS 
following thrombolytic therapy [46, 47]. Recently, data 
from the Thrombolysis Implementation and Monitor of 
Acute Ischemic Stroke in China (TIMS-China) were col-
lected and analyzed to elucidate new evidence regarding 

sex differences in prognosis following IVT in Chinese 
patients [48]. The findings indicated that there is no sig-
nificant difference in prognosis between women and men 
after IVT [48]. Consistently, although the proportion of 
males was significantly lower in the poor outcome group 
compared to the good response group, subsequent analy-
sis controlling for all potential confounders did not iden-
tify sex as an independent predictor of poor response in 
the present study.

Diabetes is identified as a substantial risk factor for the 
development of ischemic stroke. A recent meta-analysis 
of 2565 patients with AIS who underwent IVT therapy 
has demonstrated a significant correlation between 
elevated blood glucose levels and symptomatic intra-
cranial hemorrhage, unfavorable clinical outcomes, and 
increased mortality rates at the 90-day mark [49]. In the 
current investigation, it was observed that the prevalence 
of diabetes mellitus and serum glucose levels were nota-
bly higher in the poor response group compared to the 
good response group. However, following adjustment for 
all potential confounders, diabetes mellitus and serum 
glucose levels were not found to be independent factors 
for a poor response. Given the established association 
between age and the onset of diabetes, it is reasonable 
to posit that the elevated prevalence of diabetes mellitus 
and serum glucose levels in the poor response group may 
be attributed to the older age of individuals in this group.

Recent studies have indicated that inflammation plays 
a significant role in the initiation and advancement of 
AIS [50]. It has been demonstrated that white blood cells 
have a notable influence on functional status 30 days 
post-stroke, independent of other factors [51]. Moreover, 
elevated levels of hs-CRP in plasma upon admission are 
associated with unfavorable outcomes in individuals with 
acute cerebral infarction [52]. In addition, an elevated 
level of fibrinogen has been demonstrated as a prognos-
tic indicator for predicting an early inadequate response 
to IVT in a cohort of 700 patients with AIS [53]. Con-
sistently, it was observed that the neutrophil count, lym-
phocyte count, fibrinogen level, and hs-CRP level were 
significantly elevated in the poor response group com-
pared to the good response group. Nevertheless, subse-
quent analysis controlling for all potential confounders 
did not reveal these inflammatory biomarkers to be inde-
pendent predictors of a poor response. The discrepancy 
between our results and those of prior research may be 
ascribed to the limited sample sizes utilized in previous 
studies.

Uric acid, a scavenger of oxygen radicals, is a crucial 
antioxidant that helps maintain the stability of blood 
pressure and mitigates oxidative stress. A significant cor-
relation has been identified between serum uric acid lev-
els and favorable prognosis following stroke [54]. More 
recently, an inverted U-shaped nonlinear relationship 
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has been observed between uric acid levels and favor-
able as well as excellent outcomes at 3 months in patients 
with AIS who underwent IVT [55]. In the present study, 
serum uric acid levels were significantly lower in the poor 
outcome group compared to the good response group. 
However, after adjusting for all potential confounders, 
this indicator was not identified as an independent factor 
for poor response, consistent with findings from another 
study [56]. Consequently, further research is required to 
elucidate the relationship between serum uric acid levels 
and functional prognosis in patients with AIS after IVT.

Limitations
Several limitations of this study warrant discussion. 
Firstly, the study populations consisted of hospital-based 
cohorts, suggesting the need for validation of the model 
in unselected patients across various clinical settings. 
Secondly, the relatively short observation time compared 
to the recovery period of stroke may not fully capture the 
prognosis of stroke. Thirdly, the exclusive enrollment of 
Chinese patients treated with IVT necessitates further 
testing of the results in non-Chinese populations, and 
future research should consider longitudinal cohort stud-
ies with larger sample sizes.

Conclusion
In conclusion, our study suggests a correlation between 
advancing age and higher baseline NIHSS score with 
an unfavorable initial response to IVT in patients with 
AIS. Additionally, the combination of age and baseline 
NIHSS score may enhance the predictive accuracy of IVT 
response. Nevertheless, further research is warranted to 
validate these findings and investigate potential thera-
peutic interventions.
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