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Abstract
This study aimed to assess the correlation between neutrophil/lymphocyte ratio (NLR),
platelet/lymphocyte ratio (PLR), and systemic immunoinflammatory index (SII) levels,
and short-term prognosis in patients with acute ischemic stroke (AIS) undergoing
intravenous thrombolysis with alteplase (rt-PA), and to develop a nomogram model for
short-term prognosis prediction. The study collected data from cases of first-episode
ischemic stroke treated with intravenous thrombolysis at Wuxi People’s Hospital.
Patients were categorized into either a poor prognosis group (n = 78) or a good
prognosis group (n = 119) based on the modified Rankin Rating Scale score 30 days
post-treatment. The results showed that peripheral blood levels of NLR, PLR and
SII were significantly elevated in the poor prognosis group compared to the good
prognosis group (p < 0.05). Receiver operating characteristic (ROC) curve analysis
revealed that the area under the curves (AUC) of NLR, PLR and SII for predicting
poor prognosis of intravenous thrombolytic therapy in AIS patients were 0.674, 0.770
and 0.779, respectively. Multivariate regression analysis identified blood glucose
concentration, pre-thrombolysis National Institutes of Health Stroke Scale (NIHSS)
score, prothrombin time (PT), activated partial thromboplastin time (APTT), and SII as
independent influencing factors for poor prognosis of intravenous thrombolytic therapy
in AIS patients (p < 0.05). A nomogram model based on these seven independent
influencing factors yielded an AUC of 0.929, with calibration curve and Hosmer-
Lemeshow test (χ2 = 2.654, p = 0.954) confirming the model’s good fit. Decision
analysis curves demonstrated the clinical benefit of utilizing predictive models in aiding
clinical decision-making. In conclusion, peripheral blood systemic inflammatorymarker
SII was identified as a risk factor for poor short-term prognosis in patients treated
with intravenous thrombolysis. The constructed nomogram incorporating inflammatory
clinical features exhibited efficient and promising clinical utility in predicting early
prognosis of AIS patients treated with rt-PA thrombolysis.
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1. Introduction

Acute ischemic stroke (AIS) is currently one of the most com-
mon causes of mortality and a significant contributor of dis-
ability worldwide [1]. Its high incidence, mortality rates, and
propensity for recurrence place substantial economic burdens
on society and families. Intravenous thrombolysis with tissue-
type plasminogen activator (rt-PA) is the primary intervention
for restoring blood-brain circulation and is widely recognized
as effective for AIS treatment [2]. Early administration of in-
travenous thrombolytic therapy is crucial for reducing mortal-

ity and disability in AIS patients. However, despite its benefits,
approximately two-thirds of patients fail to benefit from in-
travenous thrombolysis, and some may experience worsening
due to post-thrombolysis hemorrhagic transformation, which
hampers neurological recovery [2]. Thus, there is a pressing
need to identify easily accessible biomarkers for accurately
predicting patient prognosis following rt-PA thrombolysis.
Peripheral blood systemic inflammation markers, including

the neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte
ratio (PLR), and systemic immunoinflammatory index (SII),
are presently among the most accessible biomarkers in clinical

https://www.signavitae.com
http://doi.org/10.22514/sv.2024.087


97

diagnostics [3]. In recent years, substantial progress has been
made in utilizing MLR, NLR, PLR and SII as valuable indi-
cators for predicting disease progression and guiding interven-
tions. These markers have demonstrated significant clinical
utility in predicting outcomes such as cerebral hemorrhage,
cerebral ischemia and myocardial infarction [4]. However,
the relationship between peripheral blood systemic inflamma-
tory markers and intravenous thrombolytic therapy outcomes
in AIS patients, particularly regarding short-term prognosis,
remains relatively understudied.
This study aimed to investigate the correlation between

NLR, PLR and SII levels and short-term prognosis in AIS
patients undergoing intravenous thrombolysis with rt-PA. Ad-
ditionally, it aimed to evaluate the diagnostic accuracy of
these markers in predicting patient prognosis. Furthermore,
the study analyzed factors influencing short-term prognosis in
AIS patients and developed a nomogram model for predicting
such prognosis. The results could offer a reliable and simple
prediction approach for predicting the short-term prognosis of
AIS patients.

2. Materials and methods

2.1 Patients
The data of patients diagnosed with AIS and treated with rt-PA
intravenous thrombolysis were retrieved and assessed. As an
enrollment criteria, the patients were required to have received
treatment within 4.5 hours of hemorrhage onset, as confirmed
by cranial Computed Tomography (CT).
The study included patients who met the following criteria:

(1) diagnosis according to the Chinese Guidelines for the
Diagnosis and Treatment of Acute Ischaemic Stroke 2018;
(2) experiencing the initial onset of the disease; (3) under-
going standardized intravenous thrombolytic therapy with rt-
PA within 4.5 hours of symptom onset; (4) aged between
18 and 80 years; and (5) providing informed consent after
receiving all relevant information. Patients with any of the
following exclusion criteria were not included: (1) presence of
comorbid neurological diseases; (2) prior intracranial vascular
intervention; (3) concurrent serious systemic illnesses before
hospitalization; and (4) lack of formal follow-up for secondary
prevention of cerebral infarction post-hospital discharge, in-
cluding inadequate management of risk factors (such as blood
pressure, glucose-lipidmetabolism, and smoking cessation), as
well as failure to adhere to antiplatelet and antithrombotic drug
regimens.

2.2 Data collection
Baseline data such as age, gender, smoking history, alcohol
consumption, diabetes history, hypertension history, atrial
fibrillation presence, blood glucose concentration, time from
symptom onset to intravenous thrombolysis, pre-thrombolysis
National Institutes of Health Stroke Scale (NIHSS) score,
prothrombin time (PT), activated partial thromboplastin
time (APTT), white blood cell count (WBC), neutrophil
count (NEU), lymphocyte count (LYM) and platelet count
(PLT), were assessed. Additionally, NLR, PLR and SII were
calculated as follows: NLR = NEU/LYM; PLR = PLT/LYM;

SII = PLT × (NEU/LYM).

2.3 Clinical outcome

Two experienced researchers assessed each patient’s short-
term prognosis using themodified Rankin Rating Scale (mRS).
A favorable prognosis was characterized by an mRS score of
≤2 three months after thrombolytic therapy, while an unfavor-
able prognosis was indicated by anmRS score of>2 after three
months of thrombolytic therapy, stroke recurrence or death.

2.4 Statistical analysis

All statistical analyses were performed using SPSS (IBM
Corp., SPSS Statistics, Armonk, NY, USA) and R 4.3.2
statistical software. Normally distributed measurement data
are presented as mean± standard deviation, with the Student’s
t-test employed for intergroup comparisons. Non-normally
distributed measurement data were expressed as median
(quartiles) (M (P25, P75)), and between-group comparisons
were conducted using the Mann-Whitney U test. Categorical
data are presented as percentages, and intergroup comparisons
were assessed using the χ2 test. Univariate and multivariate
logistic regression analyses were conducted to identify
characteristic indicators influencing the short-term prognosis
of rt-PA intravenous thrombolytic therapy in AIS patients.
A nomogram prediction model was constructed based on
the identified characteristic indicators. Receiver operating
characteristic (ROC) curves, calibration curves, and decision
curves were generated separately to evaluate the model’s
efficacy. A significance level of p < 0.05 was considered
statistically significant.

3. Results

3.1 Baseline characteristics

Among the 207 AIS patients treated with rt-PA included in
the observational cohort, there was one death attributed to
cerebral hemorrhage post-intravenous thrombolysis with rt-
PA, two deaths due to cerebral herniation, three instances of
stroke recurrence, and four missed follow-up visits. Conse-
quently, data from 197 patients were retrieved and assessed,
comprising 78 cases with poor prognosis and 119 cases with
good prognosis. No statistically significant differences were
observed between the two groups regarding age, smoking
history, presence of atrial fibrillation, adverse events, platelet
count, red blood cell count, and hemoglobin concentration (p
> 0.05, Table 1). Conversely, compared to the good prognosis
group, the poor prognosis group comprised a higher proportion
of males, a greater prevalence of alcohol consumption history,
diabetes mellitus, and hypertension, as well as a higher pre-
thrombolysis NIHSS score. Additionally, the poor prognosis
group demonstrated relatively elevated glucose concentration,
longer time interval between symptom onset and thrombolytic
therapy initiation, and shorter PT and APTT (p < 0.05, Ta-
ble 1).
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3.2 Indicators of systemic inflammation in
peripheral blood
The peripheral blood levels of NLR, PLR and SII were signifi-
cantly higher in patients in the poor prognosis group compared
to the good prognosis group (p < 0.05, Table 2). ROC curve
analysis (Fig. 1) revealed that the area under curves (AUC) for
predicting poor prognosis of intravenous thrombolytic therapy
in AIS patients were 0.674 (95% CI: 0.588–0.761) for NLR,
0.770 (95% CI: 0.700–0.840) for PLR, and 0.779 (95% CI:
0.715–0.843) for SII. Correlation analysis demonstrated a sig-
nificant positive correlation between NLR and PLR (p< 0.05,
Fig. 2), while no significant correlation was observed between
NLR and SII (p > 0.05, Fig. 2). Additionally, PLR exhibited
a significant positive correlation with SII (p < 0.05, Fig. 2).

3.3 Univariate and multivariate logistic
regression analysis
Univariate regression analysis revealed that gender, history
of alcohol consumption, blood glucose concentration, time

interval from symptom onset to receiving thrombolytic ther-
apy, pre-thrombolysis NIHSS score, PT, APTT, NLR, PLR
and SII were significantly associated with poor prognosis of
intravenous thrombolytic therapy in AIS patients (p < 0.05,
Table 3). However, multicollinearity testing indicated a mul-
ticollinearity issue between NLR, PLR and SII. Therefore,
NLR and PLR were excluded, with only SII retained in the
multivariate regression model. Multivariate regression anal-
ysis demonstrated that blood glucose concentration, onset-to-
thrombolysis time, pre-thrombolysis NIHSS score, PT, APTT
and SII were independent factors associated with poor progno-
sis following intravenous thrombolytic therapy in patients with
AIS (p < 0.05, Table 3).

3.4 Construction of the nomogrammodel

A nomogram was constructed using the “rms” analysis pack-
age in R statistical software, and the predictive model gener-
ated by multivariate logistic regression analysis was visualized
and discriminated (Fig. 3). In clinical practice, physicians can

TABLE 1. Baseline characteristics.

Characteristics Good prognosis group
(n = 119)

Poor prognosis group
(n = 78) t/χ2 p

Age (yr) 68.18 ± 10.09 67.69 ± 8.75 0.347 0.729
Gender

Male 59 66
24.939 <0.001

Female 60 12
Smoking 68 55 3.591 0.058
Drinking Alcohol 45 61 30.925 <0.001
Diabetes 64 60 10.818 0.001
Hypertension 57 60 16.457 <0.001
Atrial fibrillation 11 6 0.144 0.705
pre-thrombolysis NIHSS score 7.83 ± 3.13 11.09 ± 4.15 6.269 <0.001
Blood glucose concentration (mmol) 7.90 ± 3.07 8.91 ± 2.85 2.319 0.021
Time from onset to thrombolysis (min) 130.55 ± 47.44 148.72 ± 48.66 2.602 0.010
Adverse effects 14 8 0.108 0.742
PT (s) 12.07 ± 1.00 11.13 ± 1.07 6.268 <0.001
APTT (s) 33.93 ± 6.30 28.59 ± 6.47 5.762 <0.001
Red Blood Cell Count (×1012/L) 4.40 ± 0.51 4.42 ± 0.59 0.176 0.860
Hemoglobin (g/L) 136.67 ± 14.72 135.45 ± 15.21 0.560 0.576
WBC 6.53 ± 1.28 6.80 ± 1.15 1.505 0.134
NIHSS: National Institutes of Health Stroke Scale; PT: prothrombin time; APTT: activated partial thromboplastin time; WBC:
white blood cell count.

TABLE 2. Indicators of systemic inflammation in peripheral blood.

Indicators Good prognosis group
(n = 119)

Poor prognosis group
(n = 78) t p

NLR 2.97 ± 1.12 4.04 ± 2.01 4.980 <0.001
PLR 8.76 ± 3.96 12.99 ± 3.79 7.466 <0.001
SII 636.71 ± 274.91 994.55 ± 397.16 7.474 <0.001
NLR: neutrophil/lymphocyte ratio; PLR: platelet/lymphocyte ratio; SII: systemic immunoinflammatory index.
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FIGURE 1. ROC curve illustrating the predictive performance of peripheral blood inflammation indexes for poor
prognosis following intravenous thrombolytic therapy in patients with acute ischemic stroke. NLR: neutrophil/lymphocyte
ratio; PLR: platelet/lymphocyte ratio; SII: systemic immunoinflammatory index; AUC: area under the curves; CI: confidence
interval.

FIGURE 2. Correlation analysis showing the relationships between NLR, PLR and SII in patients with acute ischemic
stroke. NLR: neutrophil/lymphocyte ratio; PLR: platelet/lymphocyte ratio; SII: systemic immunoinflammatory index.

sum the scores corresponding to the risk factor indicators to
obtain the total score. Based on this total score, the probability
of poor intravenous thrombolytic efficacy can be determined.

3.5 Evaluation of nomogrammodels
The ROC curve analysis results demonstrated that the model’s
AUC for predicting treatment effectiveness was 0.929 (95%
CI: 0.785–0.931), indicating strong predictive validity (Fig. 4).
Calibration curve analysis (Fig. 5) and the Hosmer-Lemeshow
test (χ2 = 2.654, p = 0.954) indicated that the predictive model
exhibited a good fit. Decision analysis curves revealed a
significant difference between the red curve and the gray curve,
indicating substantial clinical benefit in utilizing predictive
models to aid in clinical decision-making (Fig. 6).

4. Discussion

AIS is the most common type of stroke, and intravenous
thrombolysis is recommended for patients within the treatment
window andwithout contraindications [5]. Despite the benefits
of intravenous thrombolysis, some patients do not experience
significant improvement, negatively impacting their progno-
sis. Statistics indicate that approximately one-third of patients
who receive intravenous thrombolysis may die or become
disabled within a year [6]. The NIHSS score is widely used

to predict mortality and prognosis in stroke patients and to
clinically assess disease severity. However, the NIHSS score
has limitations; it does not sensitively reflect the severity
of neurological impairment in posterior circulation infarction
and overlooks the impact of uncontrollable factors such as
age and medical history on prognosis [7]. To improve the
prediction of stroke prognosis, researchers have extensively
studied biomarkers associated with pathophysiological path-
ways, including inflammation, oxidative stress, hormones and
structural components.

Inflammation plays an essential role in immune responses,
and its persistence has been shown to significantly influence
the outcome of ischemic stroke, manifesting in nearly every
stage of the condition [8]. Various inflammatory immune
response indices, such as PLR and NLR, have been associated
with AIS [9]. For instance, a meta-analysis conducted by
Zhang et al. [10] revealed that NLR could predict hemorrhagic
conversion and 3-month mortality following ischemic stroke,
while elevated PLR was linked to depression after AIS [11].
SII, an immunoinflammatory index combining platelets, lym-
phocytes, and neutrophils, has also been implicated in adverse
events in ischemic stroke patients with coronary artery dis-
ease and those undergoing thrombolytic therapy [12]. In this
present study, we observed that increased SII, PLR and NLR
were all correlated with a poor prognosis following throm-
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TABLE 3. Univariate and multivariate logistic regression analysis.
Characteristics Univariate Multivariate

OR 95% CI p OR 95% CI p
Age 0.995 0.965–1.025 0.728 - - -
Sex 5.593 2.743–11.403 <0.001 - - -
Smoking 1.793 0.977–3.292 0.059 - - -
Alcohol 5.901 3.072–11.335 <0.001 - - -
Diabetes 2.865 1.513–5.423 0.001 - - -
Hypertension 3.626 1.916–6.861 <0.001
Atrial fibrillation 0.747 0.401–1.391 0.358
Blood glucose concentration 1.121 1.016–1.238 0.023 5.461 1.656–18.011 0.005
Time from onset to thrombolysis 1.008 1.002–1.014 0.011
Adverse effects 0.916 0.516–1.625 0.763
pre-thrombolysis NIHSS score 1.277 1.166–1.398 <0.001 1.340 1.142–1.573 <0.001
PT 0.408 0.293–0.568 <0.001 0.282 0.149–0.531 <0.001
APTT 0.870 0.823–0.919 <0.001 0.771 0.694–0.857 <0.001
Erythrocyte Count 1.049 0.618–1.781 0.859
Hemoglobin 0.994 0.976–1.014 0.574
WBC 1.197 0.946–1.515 0.135
NLR 1.593 1.292–1.964 <0.001
PLR 1.417 1.279–1.570 <0.001
SII 1.002 1.001–1.003 <0.001 1.004 1.002–1.006 <0.001
OR: odds ratio; CI: confidence interval; NIHSS: National Institutes of Health Stroke Scale; PT: prothrombin time; APTT:
activated partial thromboplastin time; WBC: white blood cell count; NLR: neutrophil/lymphocyte ratio; PLR: platelet/lymphocyte
ratio; SII: systemic immunoinflammatory index.

FIGURE 3. Nomogram for predicting short-term prognosis following intravenous thrombolytic therapy in patients
with acute ischemic stroke. NIHSS: National Institutes of Health Stroke Scale; PT: prothrombin time; APTT: activated partial
thromboplastin time; SII: systemic immunoinflammatory index.
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FIGURE 4. ROC curves depicting the prognostic prediction model for intravenous thrombolytic therapy in patients
with AIS. AUC: area under the curves.

FIGURE 5. Calibration curve analysis for the prognostic prediction model of intravenous thrombolytic therapy in
patients with acute ischemic stroke.
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FIGURE 6. Decision analysis curve outcomes for the prognostic prediction model of intravenous thrombolytic therapy
in patients with acute ischemic stroke.

bolytic treatment in AIS patients, with SII emerging as a more
reliable predictor of adverse outcomes compared to NLR and
PLR. This association between SII and AIS prognosis may be
attributed to immunoinflammatory changes occurring at the
onset of AIS. Specifically, AIS triggers immune system activa-
tion, leading to the migration of neutrophils to the perivascular
area within the brain parenchyma during the early phase (6
to 24 hours) of the condition [13]. Subsequently, neutrophils
release an array of inflammatory mediators, including reactive
oxygen species, myeloperoxidase, elastase, histone G, and
chemokines, culminating in blood-brain barrier disruption and
tissue damage [14].

This study revealed that hyperglycemia, onset-to-
intravenous thrombolysis time, PT and APTT were
independent factors associated with poor short-term prognosis
in AIS patients undergoing intravenous thrombolysis
alongside NLR, PLR and SII. Elevated blood glucose levels
can increase blood viscosity, worsening cerebral tissue
hypoxia and promoting lactic acid metabolism, ultimately
leading to nervous system damage [15]. Hyperglycemia
has been previously linked to poor prognosis in stroke
patients and is considered a risk factor for adverse outcomes
within 90 days of rt-PA thrombolysis [16]. The NIHSS
score holds significant predictive value for hemorrhage risk
post-thrombolysis and serves as an independent predictor of
poor patient prognosis [17, 18]. Additionally, Kazi et al. [19]
reported that a higher admission NIHSS score was associated
with early neurological deterioration in elderly patients with
AIS, consistent with the findings of our study. Both PT and
APTT are coagulation-related parameters directly implicated
in blood coagulation and thrombosis. APTT has also been
linked to bleeding conversion during venous thrombolysis

[20]. While age, history of diabetes mellitus [21] and atrial
fibrillation [22] have previously been identified as independent
predictors of prognosis in intravenous thrombolytic therapy,
our study did not find independent correlations between these
variables and clinical outcomes in AIS patients treated with
rt-PA, which could be attributed to the relatively small sample
size of our study.
Nomograms have gained widespread utilization in prog-

nostic prediction and personalized diagnosis and treatment
across various diseases [23]. In our study, a total of seven
indicators were selected for constructing a prediction model
for intravenous thrombolysis efficacy in AIS patients. Unlike
previous studies focusing on predicting intravenous throm-
bolysis efficacy in AIS [24], our study took a step further
by developing a nomogram based on fundamental clinical
information and routine biochemical indicators of patients.
By employing multifactorial logistic regression analysis, we
constructed a prediction model aimed at facilitating clinicians
in rapidly and easily assessing patient conditions.
Despite the valuable insights gained from this study, there

were several limitations that should be acknowledged. Firstly,
being a single-center retrospective study, our research drew
cases only from one hospital, thus limiting the sample size.
Secondly, while our nomogram model exhibited robust dis-
crimination and calibration during internal validation, it lacked
external validation. Thirdly, our analysis only incorporated pa-
tients’ clinical data and laboratory results, neglecting imaging
scores that could enhance risk factor assessment and predictive
modeling. Therefore, prospective, large-scale multicenter co-
hort studies are warranted in the future to validate our findings
comprehensively.
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5. Conclusions

In conclusion, peripheral blood systemic inflammatory index
SII was identified as a significant risk factor for poor short-
term prognosis in patients undergoing intravenous thromboly-
sis. Furthermore, our developed nomogram, based on inflam-
matory clinical features, demonstrates promising predictive
efficiency and clinical applicability in predicting the early
prognosis of AIS patients treated with rt-PA thrombolysis.
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