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A B S T R A C T   

Objectives: Intravenous thrombolysis therapy (IVT) with recombinant tissue plasminogen acti-
vator has proven to be a beneficial treatment for acute ischemic stroke (AIS) patients when 
administered within 4.5 h after a stroke. This study aimed to investigate an available and inex-
pensive predictive tool for early neurological deterioration in AIS. 
Methods: Patients admitted to our department with acute stroke who were given IVT with re-
combinant tissue plasminogen activator within 4.5 h of stroke onset were included in the study. 
The NIH stroke scale (NIHSS) was used to assess patients’ neurological state prior to IVT and for 
24 h after. Early neurological deterioration was defined as occurring if the NIHSS total score 
increased by ≥ 4 or the NIHSS individual score increased by ≥ 2 compared to baseline. Patients 
were randomly assigned to training or validation cohorts. 
Results: Of the 266 AIS patients receiving IVT who were screened, 217 were deemed eligible for 
the study. Multivariate logistic regression analysis identified smoking history, NIHSS score, ho-
mocysteine level, and neutrophil to lymphocyte ratio as independent factors for predicting early 
neurological deterioration. ROC analysis was used to assess the quality of the resulting nomo-
gram. The AUC for the training dataset was 0.826 (95 % CI, 0.719–0.932), and for the validation 
dataset was 0.887 (95 % CI, 0.763–1.000). 
Conclusion: The robustness of this nomogram suggests that it may be a reliable tool for evaluating 
the progression of AIS after IVT.   

1. Introduction 

Stroke, an acute central nervous system injury, is a risk factor for death and disability in humans [1]. Acute ischemic stroke (AIS) 
accounts for 60–80 % of all strokes [2]. AIS occurs primarily due to atherothrombosis or thrombus in the vessels supplying blood to the 
brain, leading to brain tissue damage [3]. Thrombolytic or anticoagulant drugs can be used as an early treatment to restore blood 
perfusion [4]. Therefore, timely vascular recanalization is closely related to early neurological deterioration (END) and prognosis after 
AIS [5,6]. 

At present, intravenous thrombolysis (IVT), especially with recombinant tissue plasminogen activator (rt-PA), is the mainstay of 
AIS treatment. When delivered within 4.5 h of stroke onset it can significantly improve prognosis for AIS patients [7]. However, END is 
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a relatively common complication in the 24 h following IVT. The underlying mechanisms of END are not fully understood [8]. 
Therefore, it is essential to explore its mechanism and the related risk factors after IVT. 

There is urgent clinical demand for an effective model to predict prognosis and treatment outcomes of AIS patients after IVT. 
Several predictive models exist [9–11] but show poor functional outcomes because they focus on a single type of risk factor. A 
nomogram is a visualization tool that integrates indicators from different dimensions, to provide an accurate and individualized 
prediction of specific outcomes [12]. Previous work has constructed a nomogram to predict AIS prognosis with relation to the 
neutrophil-lymphocyte ratio [13]. This study aims to explore the predictive ability of a comprehensive panel of indicators and 
overcome the poor predictive power of models that only consider a single risk factor. Therefore, we assessed a broad range of measures, 
including patients’ living habits and immunological and metabolic characteristics, and verified the model’s accuracy in an inde-
pendent validation cohort. The resulting nomogram is useful for clinicians to explore the probability of END after IVT and identify 
patients at risk for poor prognosis after rt-PA treatment. 

2. Materials and methods 

2.1. Study design and participants 

Patients were recruited by the Stroke Center of the Second Affiliated Hospital of University of South China from November 2017 to 
August 2022. Their clinical information was retrospectively analyzed. Patients were included if they were >18 years old, had MRI- 
confirmed stroke within the past 24 h, and had received IVT within 4.5 h of stroke onset. Patients were excluded if their IVT was 
followed by endovascular treatment, if they experienced intracranial hemorrhage (ICH) after IVT, or if they had any medical con-
traindications to IVT. The medical Ethics Committee at the Second Affiliated Hospital of University of South China approved the study 
design. No informed consent was required due to this being a retrospective study. 

2.2. Baseline data acquisition 

Demographic information, medical history, clinical information, and laboratory information were collected from all study par-
ticipants. Demographic characteristics included age, sex, smoking status, and drinking history. Medical history included hypertension, 
diabetes mellitus, and atrial fibrillation. 

Clinical information included systolic blood pressure (SBP), diastolic blood pressure (DBP), and blood glucose. Laboratory infor-
mation included fibrinogen, albumin (ALB), activated partial thromboplastin time (APTT), international normalized ratio (INR), white 
blood cell (WBC), platelet count (PLT), neutrophil to lymphocyte ratio (NLR), high-density lipoprotein (HDL), low-density lipoprotein 
(LDL), triglyceride (TG), uric acid (UA), homocysteine (HCY), total cholesterol (TC), and urea nitrogen/creatinine ratio (BUN/Cr). In 
addition, the NIH stroke scale (NIHSS) score was obtained. 

2.3. Treatment methods 

Once admitted to the inpatient ward, guideline-based treatments were performed on all participants immediately: eligible patients 
received rt-PA within 4.5 h of stroke onset [7]. The velocity of rt-PA intravenous infusion was 0.9 mg/kg (maximum dose 90 mg); 10 % 
was given as an intravenous bolus within 1 min, and the remaining doses were infused intravenously over an hour or so. 

2.4. Criteria for END 

NIHSS was used to assess the neurological state of AIS patients for 24 h after IVT therapy. END aggravation was defined as the 
NIHSS total score increasing by ≥ 4 or the NIHSS individual score increasing by ≥ 2 compared with baseline. The study’s endpoint was 
END but excluded cases of END due to ICH after IVT. 

2.5. Statistical analysis 

Statistical analyses were performed using R software version 4.0.0 (http://www.R-project.org/) and SPSS software version 22.0 
(IBM, New York, New York, USA). Categorical variables were expressed as frequencies (percentages, %) and continuous variables as 
means (standard deviation, SDs) or medians (interquartile range, IQR). Continuous variables with a Gaussian distribution were 
compared using t-test or non-parametric Mann-Whitney U test; categorial variables were compared using χ2 or Fisher’s exact test. A 
two-tailed p-value <0.05 was deemed statistically significant. 

Univariate analysis was executed first to observe the correlation between each variable and END. Variables that were significant in 
the univariate analysis were then selected for multivariate regression. 

The 217 patients enrolled in this study were randomly assigned to either the training (n = 152) or validation (n = 65) cohort 
according to the theoretical ratio of 7:3. The prediction model was established, and then its discrimination, calibration, and clinical 
efficacy were verified in the training and validation sets. Receiver operating characteristic (ROC) curves were employed to evaluate the 
model’s usability, and a calibration curve was plotted to contrast the predicted probability with the actual likelihood of occurrence. 
Decision curve analysis (DCA) was used to evaluate the feasibility of the final model in practical clinical applications by quantifying the 
net benefit of various threshold possibilities in the validation cohort. 
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3. Results 

3.1. Baseline characteristics 

In total, 266 AIS patients receiving VIT from November 2017 to August 2022 were screened. Forty-nine patients were excluded 
because of endovascular treatment (n = 28), ICH after IVT (n = 13), or missing data (n = 8). The final analysis included 217 eligible 
subjects (Fig. 1). 

Eligible subjects were assigned to either the training (n = 152) or validation (n = 65) cohort. The median age of participants was 
65.5 (55,73) years in the training cohort and 68 (57,72) in the validation cohort. There were no significant differences between cohorts 
in terms of smoking, drinking, or medical history (Table 1). 

3.2. Univariate and multivariate analyses 

Clinical measurements for patients who received timely IVT therapy are shown in Table 2. Univariate analysis of the training cohort 
showed that smoking status, NIHSS score, NLR, and HCY were significantly associated with END. Multivariate logistic regression 
analysis further confirmed that smoking history (OR 3.720, 95 % CI 1.513–9.148; p = 0.004), lower NIHSS score (OR 0.902, 95 % CI 
0.827–0.983; p < 0.0001), HCY (OR 1.060, 95 % CI 1.015–1.108; p = 0.009) and NLR (OR 1.072, 95 % CI 1.005–1.143; p < 0.0001) 
were independent factors for END. These factors were therefore incorporated into the prediction models. 

3.3. Development and validation of the prediction model 

Fig. 2 shows the final nomogram for predicting END risk in AIS patients receiving IVT, constructed using the results of the logistic 
regression analysis. The forecast model was calculated by the prognostic effect of these variables on the scales, which can indicate the 
estimated likelihood of END. 

ROC curves for the nomogram as applied to the two cohorts (Fig. 3, Table 3). AUC of the training dataset was 0.826 (95 % CI 
0.719–0.932), and of the validation dataset was 0.887 (95 % CI 0.763–1.000). Calibration curves confirmed that the probabilistic 
forecasting of END aligned with the observed integration value (p > 0.05) for both the training and validation datasets. To validate the 
forecasting ability of the tool, DCA was used to predict the incidence of END in patients. Fig. 4A describes the excellent concordance of 
the predicted probability of END between the training set and the actual observations, the mean absolute deviation (MAD) was 0.056. 
Fig. 4B shows the testing set also can predict the probability of END properly (MAD = 0.047). As shown in Fig. 5, the threshold 
probability ranges of the training and validation datasets were 4.8–64.7 % and 4.5–66.2 %, respectively, indicating that the nomogram 
derived from this research had the strong predictive capacity and could effectively exclude false positives and false negatives. 

4. Discussion 

The present study used retrospective clinical data to construct a nomogram for use in predicting END in AIS patients receiving IVT 
therapy. The nomogram demonstrated good performance in terms of discrimination, calibration, and clinical efficacy. Therefore, it 
could be a useful tool to identify the risk to patients’ neurologic status after treatment and help clinicians make the optimal clinical 
decisions. 

Scholars have constructed other models to predict END risk in AIS patients after IVT [14,15]. However, these scoring systems are 
limited in their ability to predict individual risk of END. Seners et al. developed a scoring system to predict END based on occlusion site 
and thrombus length [16]. END was diagnosed by magnetic resonance imaging (MRI) under the compressed sensing MRI algorithm 

Fig. 1. Flowchart for screening participants.  
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[16]. However, its clinical diagnostic efficacy was low, with an accuracy rate of only 18.36 % [17]. Furthermore, MRI examination is 
expensive and time-consuming, which may negatively impact the timing of diagnosis and therapy and increase the probability of END 
[18]. In addition, that model failed to account for parameters before and after treatment that may be related to the occurrence of END, 
such as the time from the initiation of antithrombotic drugs to the initiation of treatment, blood pressure variability [19,20], 
non-recanalization [21], and arterial occlusion [22]. Patients who received endovascular treatment and IVT therapy were not 
excluded. The prediction model described in the present study rigorously excluded these potential confounds and analyzed all of the 
possible pre- and post-treatment factors mentioned above. 

A nomogram is a risk predictive model comprised of available clinical indices. Few studies have plotted nomograms to predict END 
risk in AIS patients after IVT therapy. One such study reported an association between the ratio of compound inflammation before 
thrombolysis and early neurological outcomes; NLR and platelet-to-lymphocyte ratio were used to predict END after thrombolysis 
[23]. Regrettably, they only considered the influence of the immune system and ignored other information that may affect the 
prognosis of AIS patients. Perhaps because of this limited scope, the AUC of their prediction model was only 0.763 [23]. Another study 
also showed that elevated NLR could predict END after rt-PA administration [24]. Clearly, elevated NLR plays a vital role in predicting 
END, but those prediction models were limited by their consideration of immune indicators alone. 

Changes in HCY level strongly predicted hemorrhagic transformation or clinical outcome after tPA treatment. This result is 
consistent with previous studies: Shi et al. reported that elevated HCY plays an essential role in AIS patients receiving rt-PA therapy and 
is associated with poor prognosis [25]. Increased HCY was associated with poor outcomes in AIS patients receiving thrombolytic 
therapy [26–28]. Mortality could be predicted by high HCY levels, especially in stroke patients with large vessel atherosclerosis 
subtypes [29]. It is possible that at the onset of stroke [30], impaired vessel wall integrity and disruption of cerebral vascular 
permeability led to endothelial dysfunction, elastic structure destruction, and basement membrane damage in cerebral arterioles and 
microvessels, which may lead to elevated HCY levels [31]. However, Shi et al. [25]. did not include a control group of patients who did 
not receive thrombolytic therapy, thus exposing them to selection bias. In addition, HCY levels are influenced by genetic factors, poor 
general health, malnutrition, diabetes, and other factors, and these confounding risks have not been consistently adjusted for. The AUC 
of the single-level prediction model was only 0.685 [25]. Matsuo et al. reported a relationship between smoking status and functional 
outcomes for AIS sufferers after IVT therapy. They found that poor functional outcomes occurred in 28 % of current smokers. Un-
fortunately, they did not assess clinical outcomes after treatment [32]. 

Table 1 
Baseline characteristics of eligible participants.  

Variables Total sample (n = 217) Training set (n = 152) Testing set (n = 65) X2/t/z P-value 

END, n(%) 33(15.2) 24(15.8) 9(13.8) 0.133 0.715 
Gender, n(%)    0.245 0.621 
Female 65(30.0) 44(28.9) 21(32.3)   
Male 152(70.0) 108(71.1) 44(67.7)   
Age, years 67(56,73) 65.5(55,73) 68(57,72) − 0.672 0.502 
Smoking, n(%) 73(33.6) 49(32.2) 24(36.9) 0.448 0.503 
drinking, n(%) 48(22.1) 35(23.0) 13(20.0) 0.242 0.623 
NIHSS, score 6(4,13) 7(4,14) 6(4,11) − 0.688 0.492 
SBP, mmHg 151.00 ± 24.51 150.14 ± 24.39 153.00 ± 24.87 − 0.785 0.433 
DBP, mmHg 84.70 ± 12.97 84.45 ± 13.16 85.28 ± 12.6 − 0.427 0.670 
Blood glucose, mmol/L 6.87(5.8,9.07) 6.86(5.7,9.2) 7.2(6.18,8.8) − 0.726 0.468 
Hypertension, n(%) 111(51.2) 77(50.7) 34(52.3) 0.050 0.824 
Diabetes, n(%) 41(18.9) 28(18.4) 13(20) 0.074 0.785 
History_of_stroke, n(%) 32(14.7) 20(13.2) 12(18.5) 1.019 0.313 
AF, n(%) 5(2.3) 5(3.3) 0(0) 0.971 0.324 
INR 1(0.93,1.03) 1(0.93,1.03) 0.99(0.92,1.02) − 1.121 0.262 
APTT, s 35(32.7,37.8) 34.95(32.7,38.2) 35.1(33,37.6) − 0.535 0.593 
PLT, 10^9/L 181(149,223) 178(145,220) 192(155,232) − 1.386 0.166 
Fibrinogen, g/L 3(2.47,3.59) 2.92(2.35,3.54) 3.15(2.71,3.65) − 1.849 0.064 
ALB, g/L 41.86 ± 3.93 41.91 ± 3.89 41.73 ± 4.04 0.316 0.752 
WBC, 10^9/L 7.84(6.11,9.94) 7.91(6.21,10.16) 7.66(6.02,9.58) − 0.426 0.670 
NLR 4.69(2.71,7.86) 4.81(2.69,7.91) 4.66(3,7.66) − 0.101 0.919 
HDL, mmol/L 1.23(1.09,1.46) 1.23(1.09,1.44) 1.23(1.08,1.5) − 0.065 0.948 
LDL, mmol/L 2.75 ± 0.84 2.72 ± 0.87 2.82 ± 0.78 − 0.812 0.417 
TG, mmol/L 1.43(1,2.32) 1.39(1,2.22) 1.6(1.06,2.58) − 1.252 0.210 
TC, mmol/L 4.64(3.97,5.28) 4.57(3.93,5.27) 4.77(4.12,5.4) − 0.944 0.345 
BUN/Cr 75.18(58.99,93.3) 74.41(58.08,91.21) 78.54(65.45,97.3) − 1.315 0.189 
UA, μmol/L 347(288,411) 347.5(285.5415) 344(291,391) − 0.392 0.695 
HCY, μmol/L 13.1(9.8,17.3) 13.5(9.9,17.6) 11.8(9.4,16.1) − 1.191 0.234 

Data are shown as mean ± SD or median (IQR) for continuous variables and as number (percentage) for categorical variables. 
AIS, acute ischemic stroke; IVT, intravenous thrombolysis; END, early neurological deterioration; NHISS, National Institute Health of Stroke Scale; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; AF, atrial fibrillation; APTT, activated partial thromboplastin time; INR, international 
normalized ratio; PLT, blood platelet; ALB, albumin; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; HDL, High-density lipoprotein; 
LDL, low-density lipoprotein; TG, triglyceride; TC, total cholesterol; BUN/Cr, blood urea nitrogen-to-creatinine ratio; UA, uric acid; HCY, 
homocysteine. 
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Interestingly, the present study showed that a lower NIHSS score was accordant with END risk after IVT, which contrasts with 
several previous studies [33–35]. This may be due to differences in patient selection: other studies included patients with acute large 
vessel occlusive stroke, hemorrhagic infarction, parenchymal hematoma, and symptomatic intracranial hemorrhage after mechanical 
thrombectomy, all of which can cause a higher NIHSS score, and all of which were excluded from the present study. In addition, 
Vynckier et al. studied END associated with lacunar stroke patients, who had lower NIHSS scores on admission [36]. 

Overall, the present study found that smoking, NIHSS score, HCY, and NLR can be used as predictors of poor prognosis. These 
factors are largely consistent with previous studies. This multi-level model likely has greater clinical value than any of the single-level 
models published previously, as demonstrated by its AUC of 0.826. The nomogram described in this study considers immunity, 
metabolism, and patients’ living habits and comprises a tool that is available even for health centers with few resources. This reliable 

Table 2 
Parameters of END risk in AIS patients after IVT therapy based on univariable and multivariable analyses of the training dataset.  

Variables Univariable analysis Multivariable analysis 

OR 95%CI P-value OR 95%CI P-value 

Age 1.005 0.966–1.045 0.822    
Gender 0.506 0.206–1.247 0.139    
NIHSS 0.902 0.827–0.983 0.019 0.898 0.816–0.989 0.028 
smoking 3.720 1.513–9.148 0.004 2.772 1.045–7.353 0.040 
drinking 1.471 0.555–3.898 0.438    
SBP 1.005 0.987–1.023 0.586    
DBP 1.006 0.974–1.040 0.708    
Blood glucose 0.986 0.856–1.135 0.843    
Hypertension 1.774 0.724–4.347 0.210    
Diabetes 0.589 0.163–2.130 0.419    
History of stroke 1.400 0.424–4.623 0.581    
AF 1.348 0.144–12.61 0.794    
INR 0.017 0.000–1.995 0.094    
APTT 1.006 0.956–1.058 0.824    
PLT 0.998 0.990–1.006 0.618    
Fibrinogen 1.239 0.802–1.914 0.333    
ALB 1.082 0.960–1.218 0.196    
WBC 0.874 0.742–1.030 0.108    
NLR 1.072 1.005–1.143 0.034 1.088 1.016–1.166 0.016 
HDL 2.996 0.738–12.156 0.125    
LDL 1.279 0.778–2.103 0.332    
TG 1.033 0.913–1.169 0.611    
TC 1.379 0.888–2.141 0.153    
BUN/Cr 0.997 0.984–1.010 0.626    
UA 1.000 0.996–1.005 0.889    
HCY 1.060 1.015–1.108 0.009 1.056 1.009–1.106 0.020 

CI, confidence interval; OR, odds ratio; NHISS, National Institute Health of Stroke Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
AF, atrial fibrillation; APTT, activated partial thromboplastin time; INR, international normalized ratio; PLT, blood platelet; ALB, albumin; WBC, 
white blood cell; NLR, neutrophil-to-lymphocyte ratio; HDL, High-density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride; TC, total 
cholesterol; BUN/Cr, blood urea nitrogen-to-creatinine ratio; UA, uric acid; HCY, homocysteine. 

Fig. 2. Nomogram for predicting END risk in AIS patients with IVT therapy. Each of the four indicator scores is aligned with the “Points” line and 
then the four scores are added together to yield “Total Points”, which can then be used to predict END risk. 
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tool is also suitable for non-neurologists to predict END risk because it does not rely on CT imaging. 
This study has several drawbacks. All subjects were enrolled from the Second Affiliated Hospital of University of South China, a 

small research cohort, and the short follow-up time limited the statistical stringency of the results. In the future, it will be necessary to 
establish a prediction model with a large sample and prolonged follow-up time. Furthermore, our model has yet to be validated in an 
external cohort. Moreover, all features in our research were extracted from specific platforms and thresholds, which may influence the 
generalization of nomogram models. Prospective, multicenter studies are needed to evaluate the applicability of our nomogram to the 
more significant population. Finally, since this experiment was a preliminary exploratory experiment, we did not conduct further 
classified research on the location of stroke patients and stroke subtypes. In the subsequent study, we will conduct a more detailed 
evaluation of patients by combining more clinical information (MRI and CT) and then establish a multi-modal prediction model. 

This novel nomogram may be a reliable tool for evaluating the progression of acute ischemic stroke after intravenous thrombolysis 

Fig. 3. ROC of the nomogram in the (A) training and (B) testing cohorts.  

Table 3 
ROC parameters for the nomogram for each cohort.   

AUC 95%CI sensitivity (%) specificity (%) 

training cohort 0.826 0.719–0.932 70.8 87.5 
validation cohort 0.887 0.763–1.000 77.8 92.9  

Fig. 4. Calibration curves for the nomogram. (A) Training cohort: MAD = 0.056, n = 152. (B) Validation cohort: MAD = 0.047, n = 65. Each cohort 
was repeated 1000 times. 
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therapy. 
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Fig. 5. Decision curve analysis of the nomogram. (A) The threshold probability range of the training set was 4.8–64.7 %. (B) The threshold 
probability range of the testing cohort was 4.5–66.2 %. The horizontal line indicates that all factors were treated with a net benefit of zero. The 
dashed line indicates that all candidate factors were influential, and interventions were made for all factors. The above curves were compared to the 
net benefit, a backslash with a negative slope. 
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