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Abstract 

Background & Objective: There is insufficient research on the use of population data to construct a 
predictive model of blood pressure variability (BPV) after thrombolysis to estimate the subsequent 
development of acute ischemic stroke (AIS) patients. The aim of this study is to  construct and validate 
a model that uses BPV 24 hours after thrombolytic therapy to predict outcome in patients with AIS. 
Methods: To construct and validate a model that uses BPV 24 hours after thrombolytic therapy to predict 
outcome in patients with AIS. Results: A total of 503 patients with acute ischemic stroke who received 
intravenous thrombolytic therapy were enrolled in the study. The multivariate analysis outcomes have 
delineated several pivotal factors that are significantly prognostic of adverse outcomes in AIS patients 
post-thrombolysis: The initial National Institutes of Health Stroke Scale score, a recorded history of 
hypertension, the variability in systolic and diastolic blood pressure as indicated by their standard 
deviation, and the blood pressure measurements recorded 24 hours subsequent to thrombolytic therapy. 
These determinants have emerged as substantial predictors, shedding light on the complex interplay of 
clinical parameters that influence patient prognosis following AIS treatment. Within the development 
and validation cohorts, the area under the curve for the nomogram, which estimates the probability 
of an unfavorable prognosis, was determined to be 0.876 (95%CI: 0.84–0.913) and 0.849 (95%CI: 
0.784–0.913), respectively. The calibration curve revealed a striking congruence between the predicted 
probabilities by the nomogram and the actual outcomes observed in the validation set. Furthermore, 
the decision curve analysis underscored the significant clinical utility and robust applicability of the 
prognostic model, illustrating its potential to guide clinical decision-making effectively.
Conclusion: Because of its superior predictive accuracy, discriminative power, and clinical utility, the 
nomogram is an important adjunct tool for the assessment of possible adverse outcomes in patients 
with AIS following thrombolytic therapy.
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INTRODUCTION

Stroke is still one of the most common fatal 
and disabling diseases in the world.1 In China, 
ischemic stroke occupies the first place in all 
types of stroke. There are many predisposing 
factors of stroke, the most noteworthy of which is 
hypertension. Approximately 75% of patients with 
stroke experience elevated blood pressure (BP) 
during the acute phase of the disease, and increased 
intracranial pressure, discomfort, unstable 
preexisting hypertension, and acute physiological 
stress are among the causes of increased systolic 

BP in in acute stroke patients. Furthermore, lower 
BP is connected with better outcomes, especially 
in patients receiving intravenous rt-PA treatment.2 
However, BP greatly fluctuates during the acute 
stage of stroke. Compared with a single BP 
assessment, a BP model that changes with time 
may better predict the outcome of stroke. 
 The degree to which BP varies as a result of 
the complicated interplay between neurological 
reactions, humoral factors, physical illnesses, 
drugs, and lifestyle choices is known as 
blood pressure variability (BPV).3 The rate of 
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significantly elevated BPV notably increases with 
age.4  Even with BP regulation, many patients still 
experience cerebrovascular disease, and BPV is 
a better predictor of the development of these 
conditions.5

 Intravenous thrombolysis (IVT) is still the 
recommended treatment of choice for AIS within 
4.5 hours of onset.6 Multiple factors contribute 
to poor outcomes and mortality after stroke and 
treatment with thrombolysis. Among these factors, 
BPV also affects the prognosis of patients who 
undergo IVT.7 Patients with a stable BP during 
thrombolysis have been shown to be more likely 
to have a good outcome8, and increased BPV is 
negatively associated with better recovery of 
neurological function at 3 months in patients with 
AIS.9-11

 Nomograms are graphical models that combine 
several risk factors to make precise predictions; 
they are employed as diagnostic tools for a wide 
range of illnesses. As far as we know, few studies 
have publicly reported the practice of using 
nomogram to predict the prognosis of BPV after 
thrombolysis in patients with AIS. In this study, 
we aim to use the BPV within 24 hours after 
thrombolytic therapy to design and validate a 
nomogram for patients with AIS. We hope that 
it will help promote the application of BPV  to 
predict the prognosis of patients after thrombolytic 
therapy.

METHODS

Study design and patients

This research represents a retrospective analysis 
conducted at a single institution. It involves a  
review of medical records from patients diagnosed 
with AIS who received intravenous rt-PA therapy 
at the Second Affiliated Hospital of Harbin 
Medical University, capturing data spanning the 
period from March 2021 to June 2023.
 Inclusion criteria were: (1) Received IVT 
therapy within 4.5 hours of the commencement 
of AIS; (2) aged > 18 years; (3) brain computed 
tomography excluded intracranial hemorrhage 
(ICH); and (4) received a 3-month follow-up 
evaluation.
 Exclusion criteria were: (1) Insufficient 
baseline data; (2) a lack of 3-month modified 
Rankin scale (mRS) scores; (3) the presence 
of brain tumors,  aneurysms or arteriovenous 
malformations, or traumatic brain injury or other 
brain injuries; (4) dementia or mental illness; 
and (5) endovascular treatment after intravenous 
thrombolysis.

Data collection

This study involved acquiring a variety of 
patient data, that included: patient age and 
gender, smoking and alcohol consumption 
history, a review of medical history including 
hypertension, diabetes, coronary heart disease, 
and prior stroke incidents. Additionally, hourly 
blood pressure readings within the initial 24 
hours post-thrombolysis were systematically 
recorded, alongside the mRS scores assessed 
three months subsequent to the stroke event. The 
laboratory parameters included total cholesterol 
levels, triglyceride (TG) levels, high-density 
lipoprotein levels, low-density lipoprotein levels, 
homocysteine levels, and the baseline National 
Institutes of Health Stroke Scale (NIHSS) score. 
The electronic medical records of patients were 
extracted from the hospital’s health information 
system.  

Outcomes and definitions

Recovery of neurological function in patients 
with AIS who underwent IVT three months after 
stroke was evaluated using the mRS score. mRS 
is the most commonly used index for evaluating 
neurological function in patients with a stroke, 
it was assessed at 3 months or later after the 
stroke. It is graded from 0 to 6.12,13 Studies have 
shown that mRS experiences a leap change at 2 
and 3 points.14 We classified patients with mRS 
scores of 0–2 into the good prognosis group, 
including those with 0 (no symptoms at all), 1 
(symptomatic but with no obvious disability), and 
2 (mild disability). Patients with a score of 3–6 
were divided into poor prognosis groups, including 
3 (moderate disability), 4 (severe disability), 5 
(severe disability), and 6 (death).
 Various indexes are used to evaluate 
BPV, including the standard deviation (SD), 
coefficient of variation, mean true variability, 
weighted 24-hour standard deviation, and mean 
independent variability. These indexes can better 
quantify the extreme changes in blood pressure 
measurements, and may be more advantageous 
than the average.15,16 We collected the BPV data 
within 24 hours, which is a type of Office Blood 
Pressure Measurement of short-term BPV. Based 
on the classification and characteristics of BPV, 
we adopted the SD as the calculation method for 
BPV. The formula is provided below:

SD = 1 
N – 1

N
i=1

(BPi – BP)2.Σ
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Statistical analyses

Data analysis was carried out using R 4.1.0 and 
SPSS 25.0 software. The entire collection of 
sample datasets was meticulously divided into two 
distinct subsets: one for development and the other 
for verification, adhering to a proportional ratio 
of 7:3, ensuring a balanced allocation for robust 
analysis. Normally distributed measurement 
data are represented by mean ± SD, and 
comparisons of these variables between groups 
were performed using t tests. Measured data, 
non-normally distributed, presented as M (P25, 
P75). Wilcoxon test was used to compare these 
variables between groups. Data measurement is 
demonstrated by examples and analyzed by chi-
square test or Fisher’s exact probability method. 
The factors that influence poor prognosis were 
screened using single-factor logistic regression 
models. Using regression analysis techniques, 
multivariate logistic regression analysis was 
performed to select variables that had a significant 
effect on adverse outcomes and to construct 
predictive nomograms accordingly. The bootstrap 
method (1000 resamples) was used for internal 
verification. In order to evaluate the resolution 
and accuracy of the prediction model, receiver 
operating characteristic (ROC) graphs and 
calibration graphs were constructed. Subsequently, 
the application value of the histogram prediction 
model was evaluated with the help of the clinical 
decision aid curve. A P value of < 0.05 was 
considered statistically significant.

RESULTS

Patient’s characteristics at baseline

This study included 529 patients with AIS who 
underwent intravenous thrombolytic treatment, 
and the 503 patients who completed the three-
month follow-up were randomly assigned into 
modeling (n = 353) and verification (n = 150) 
samples (Figure 1).
 Table 1 reveals the initial attributes of the 
patients in the development and validation sets. 
In the development cohort, comprising 353 
individuals, the majority were male with 239 
individuals (67.71%), while 114 were female 
(32.29%). The median age for this group was 
63 years, with an interquartile range of 57 to 
70 years. Among them, 113 patients (32.01%) 
experienced an unfavorable outcome. The 
validation cohort consisted of 97 males (64.67%) 
and 53 females (35.33%), with a median age of 
65 years, interquartile ranging from 56 to 71.25 
years. Within this cohort, 41 patients (27.33%) 
had a poor prognosis. A comparative analysis 
between the development and validation sets 
revealed no significant disparities regarding 
demographic profiles or serological parameters 
(P > 0.05), suggesting a commendable level of 
heterogeneity between the two cohorts.

Figure 1.   Flow chart of patient inclusion 
AIS: Acute ischemic stroke.
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Table 1: Patient characteristics in the development and validation sets (n = 503), n (%)

Characteristics Development set
(n = 353)

Validation set
(n = 150) z/χ2/t P value

Sex 0.44 0.508
Male 239 (67.71) 97 (64.67)
Female 114 (32.29) 53 (35.33)
Age (years) 63 (57, 70) 65 (56, 71.25) -0.68 0.4985
Smoker 0.12 0.733
No 225 (63.74) 98 (65.33)
Yes 128 (36.26) 52 (34.67)
Drinker 0.22 0.6381
No 254 (71.95) 111 (74)
Yes 99 (28.05) 39 (26)
Hypertension 1.25 0.2636
No 162 (45.89) 77 (51.33)
Yes 191 (54.11) 73 (48.67)
Diabetes 0.16 0.6856
No 281 (79.6) 117 (78)
Yes 72 (20.4) 33 (22)
Stroke 3.63 0.0569
No 271 (76.77) 103 (68.67)
Yes 82 (23.23) 47 (31.33)
Coronary heart disease 1.39 0.238
No 304 (86.12) 123 (82)
Yes 49 (13.88) 27 (18)
Total cholesterol (mmol/L) 4.42 (3.79, 5.09) 4.54 (3.85, 5.14) -0.79 0.43
Triglyceride (mmol/L) 1.32 (0.98, 1.79) 1.31 (0.98, 2.03) -0.53 0.5946
HDL (mmol/L) 1.05 (0.9, 1.26) 1.08 (0.92, 1.31) -0.8 0.4266
LDL (mmol/L) 2.81 (2.21, 3.35) 2.86 (2.26, 3.4) -0.55 0.5803
Homocysteine (mmol/L) 11.98 (9.38,15.57) 11.51 (8.62,14.49) 1.76 0.0792
Baseline NIHSS 4 (2, 10) 4 (2, 8) 0.69 0.4899
SBPSD (mmHg) 9.08 (7.11, 12.11) 8.93 (6.98, 11.45) 0.48 0.6299
DBPSD (mmHg) 6.55 (5.22, 8.3) 6.19 (5.4, 7.96) 0.27 0.7839
mRS 2 (1, 3) 2 (1, 3) 1.71 0.0867
Prognosis 1.08 0.2977
Good 113 (32.01) 41 (27.33)
Poor 240 (67.99) 109 (72.67)

NIHSS: National Institutes of Health Stroke Scale; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; 
SBPSD: Standard deviation of systolic blood pressure; DBPSD: Standard deviation of diastolic blood pressure; mRS: 
Modified Rankin scale.

Univariate and multivariate risk factors for poor 
prognosis

Based on a preliminary statistical analysis of 
medical information from the patient population, 
we explored the clinical markers shared by patients 

who experienced exacerbations after thrombolytic 
therapy (Table 2). Sex, age, hypertension history, 
homocysteine level, baseline NIHSS score, 
and the BPV 24 hours after thrombolysis were 
significantly associated with a poor prognosis 
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Table 2: Patient demographics and clinical characteristics in the development cohort, n (%)

Characteristics Good prognosis
(n = 240)

Poor prognosis 
(n = 113) z/χ2/t P value

Sex 6.57 0.0104
Male 173 (72.08) 66 (58.41)
Female 67 (27.92) 47 (41.59)
Age (years) 62.53 ±  9.44 65.63 ± 10.85 -2.74 0.0064
Smoker 0 0.9952
No 153 (63.75) 72 (63.72)
Yes 87 (36.25) 41 (36.28)
Drinker 0.88 0.3485
No 169 (70.42) 85 (75.22)
Yes 71 (29.58) 28 (24.78)
Hypertension 6.18 0.0129
No 121 (50.42) 41 (36.28)
Yes 119 (49.58) 72 (63.72)
Diabetes 0.07 0.7875
No 192 (80) 89 (78.76)
Yes 48 (20) 24 (21.24)
Stroke 0.22 0.6362
No 186 (77.5) 85 (75.22)
Yes 54 (22.5) 28 (24.78)
Coronary heart disease 3.08 0.0795
No 212 (88.33) 92 (81.42)
Yes 28 (11.67) 21 (18.58)
Total cholesterol (mmol/L) 4.47 (3.83, 5.03) 4.3 (3.72, 5.13) 0.49 0.624
Triglyceride (mmol/L) 1.31 (0.98, 1.8) 1.33 (0.96, 1.79) -0.08 0.9336
HDL (mmol/L) 1.06 (0.91, 1.26) 1.04 (0.87, 1.28) 0.36 0.7222
LDL (mmol/L) 2.83 (2.21, 3.32) 2.75 (2.2, 3.37) -0.08 0.9381
Homocysteine (mmol/L) 10.97 (8.86, 15.17) 13.09 (10.37, 17.98) -3.07 0.0022
Baseline NIHSS 3 (2,6) 8 (4,13) -7.07 < 0.0001
SBPSD (mmHg) 7.98 (6.49, 9.91) 12.77 (10.41, 15.06) -10.19 < 0.0001
DBPSD (mmHg) 6.06 (4.93, 7.44) 8.18 (6.34, 10.61) -7.01 < 0.0001

NIHSS: National Institutes of Health Stroke Scale; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; 
SBPSD: Standard deviation of the systolic blood pressure; DBPSD: Standard deviation of the diastolic blood pressure.

= 1.79, 95%CI: 1.13–2.84, P = 0.0134). Patients 
presenting with elevated baseline scores on the 
NIHSS were found to possess a significantly 
elevated risk of encountering an unfavorable 
prognosis. (OR = 1.16, 95%CI: 1.11–1.22, 
P < 0.001; OR = 1.17, 95%CI: 1.12–1.23, 
P < 0.001). The risk of a poor prognosis was 
significantly higher in patients with high 
variability of systolic BP (SBP) and diastolic BP 
(DBP) 24 hours after thrombolysis (OR = 1.54, 
95%CI: 1.4–1.7, P < 0.001; OR = 1.44, 95%CI: 

after thrombolysis (P < 0.05).
 In Table 3, the univariate logistic regression 
analysis shows that female patients have a 
significantly higher risk of poor prognosis than 
male patients (OR = 1.84, 95%CI: 1.15–2.94, 
P = 0.0108). As age increases, the risk of poor 
prognosis in patients correspondingly increases 
(OR = 1.03, 95%CI: 1.01–1.06, P = 0.007). 
Individuals with a history of hypertension face a 
significantly increased risk of adverse outcomes 
compared with those without hypertension (OR 
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Table 3: Univariate logistic regression analysis of poor prognosis after thrombolysis in patients with 
acute ischemic stroke

Variable β Se z P value OR (95%CI)
Sex (female) 0.609 0.239 2.548 0.0108 1.84 (1.15,2.94)
Age (years) 0.032 0.012 2.694 0.0071 1.03 (1.01,1.06)
Smoker 0.001 0.237 0.006 0.9952 1 (0.63,1.59)
Drinker 0.243 0.260 -0.936 0.3491 0.78 (0.47,1.29)
Hypertension 0.580 0.234 2.473 0.0134 1.79 (1.13,2.84)
Diabetes 0.076 0.281 0.269 0.7876 1.08 (0.61,1.86)
Stroke 0.126 0.267 0.473 0.6363 1.13 (0.67,1.9)
Coronary heart disease 0.547 0.315 1.740 0.0819 1.73 (0.92,3.19)
Total cholesterol 0.029 0.110 -0.262 0.7932 0.97 (0.78,1.2)
Triglycerides 0.072 0.104 -0.692 0.4889 0.93 (0.74,1.12)
HDL (mmol/L) 0.092 0.374 0.246 0.8054 1.1 (0.52,2.27)
LDL (mmol/L) 0.007 0.134 0.053 0.9578 1.01 (0.77,1.31)
Homocysteine (mmol/L) 0.011 0.008 1.445 0.1484 1.01 (1,1.03)
Baseline NIHSS 0.149 0.023 6.375 < 0.0001 1.16 (1.11,1.22)
SBPSD (mmHg) 0.430 0.049 8.746 < 0.0001 1.54 (1.4,1.7)

DBPSD (mmHg) 0.363 0.055 6.541 < 0.0001 1.44 (1.29,1.61)
NIHSS: National Institutes of Health Stroke Scale; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; 
SBPSD: Standard deviation of systolic blood pressure; DBPSD: Standard deviation of diastolic blood pressure.

1.29–1.61, P < 0.001).
 Upon conducting a rigorous multivariate 
logistic regression analysis of the aforementioned 
pivotal variables, it was found that a history of 
hypertension, the initial NIHSS score, the standard 
deviation of systolic blood pressure (SBPSD), and 
the standard deviation of diastolic blood pressure 
(DBPSD) emerged as independent risk factors, 
significantly associated with an unfavorable 
prognosis (Table 4).

Nomogram development and validation

To create a nomogram, the independent risk 
factors in the multivariate logistic regression 
model analysis were used (Figure 2). A score 

was assigned to each subtype of the independent 
factors, and the overall score was then projected 
to an outcome’s probability.
 The metric of the area under the receiver 
operating characteristic curve (AUC-ROC) served 
as the benchmark for evaluating the predictive 
precision of the nomogram model. An AUC 
value exceeding 0.70 is broadly recognized as 
a threshold for strong discriminatory capability. 
The model exhibited an AUC of 0.876 (95%CI: 
0.84–0.913) (Table 5) within the development 
dataset, and a comparable AUC of 0.849 (95%CI: 
0.784–0.913) within the validation dataset 
(Table 6 and Figure 3). These results underscore 
the model’s robust predictive capacity.
 In this comprehensive study, the efficacy of 

Table 4: Multivariate logistic regression for poor prognosis

Variable β Se z P value OR (95%CI)
Hypertension 0.808 0.312 2.589 0.0096 2.24 (1.23,4.19)
Baseline NIHSS 0.132 0.029 4.552 < 0.0001 1.14 (1.08,1.21)
SBPSD (mmHg) 0.384 0.053 7.189 < 0.0001 1.47 (1.33,1.64)
DBPSD (mmHg) 0.125 0.062 2.004 0.045 1.13 (1,1.29)

NIHSS: National Institutes of Health Stroke Scale; SBPSD: Standard deviation of systolic blood pressure; DBPSD: 
Standard deviation of diastolic blood pressure.
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Figure 2. Nomogram for predicting poor prognosis in patients with acute ischemic stroke within three months 
after thrombolysis.

SBPSD: Standard deviation of systolic blood pressure; DBPSD: Standard deviation of diastolic blood pressure.

the nomogram model in seamlessly adapting to 
both the development and validation datasets 
was evaluated via the Hosmer–Lemeshow test, 
yielding definitive results that underscored its 
impeccable fit and predictive prowess (P > 
0.9999).
 Through the utilization of the calibration 
curve, the precision and accuracy of the 
nomogram model’s predictions were intuitively 
and meticulously assessed. This assessment 
entailed a comparison of the predicted adverse 
outcomes with their actual counterparts, where 
the predicted probabilities were juxtaposed against 
the observed frequencies of adverse events. 
The resulting calibration curve demonstrated 
an exceptional alignment, showcasing that the 
predicted probabilities generated by the nomogram 
model were in remarkable proximity to the 

actual probabilities observed in the validation set 
(Figure 4).
 Finally, the clinical applicability of the model 
was evaluated with the help of decision curve 
analysis (DCA), which was used to establish a 
nomogram of poor prognosis for patients with 
AIS after three months of thrombolysis. The DCA 
results of the training and verification sets are 
shown in Figure 5, which demonstrated the great 
clinical effect and applicability of the prediction 
model.
 
DISCUSSION

We developed a new nomogram based on a 
history of hypertension, the baseline NIHSS 
score, and the systolic and diastolic BPV 24 
hours after thrombolysis and used it to predict the 

Table 5: Receiver operating characteristic results for the development set

AUC (95%CI) Sensitivity Specificity Youden index Accuracy Cutoff
0.876 (0.84, 0.913) 0.929 0.654 0.583 0.533 38.654

AUC: Area under the curve.

Table 6: Receiver operating characteristic results for the validation set

AUC (95%CI) Sensitivity Specificity Youden index Accuracy
0.849 (0.784, 0.913) 0.927 0.651 0.578 0.541

AUC: Area under the curve.
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 One well-known risk factor for stroke is high 
BP17, and changes in BP are closely related to 
cardiovascular and cerebrovascular events. A 
correlation meta-analysis demonstrated that the 
prognosis of patients with a stroke is significantly 
affected by BPV, which is a new and clinically 
important risk factor.18 According to previous 
studies, vascular stiffness and elevated BPV 
are strongly correlated.19,20 Moreover, increased 
aortic stiffness and maladaptive carotid artery 
remodeling are linked to increased BPV.21 Stiffness 
of the aortic wall in patients with hypertension 
weakens the pressure reflex, which leads to 
greater BPV and exacerbates penumbra perfusion 
in patients with AIS.22 Greater BPV is predictive 

prognosis of patients with AIS. The AUC-ROC 
was used to assess the discriminating power of the 
nomogram; an AUC-ROC of 0.5 was considered 
meaningless, 0.5–0.7 was considered fair, 0.7–0.9 
was considered acceptable, and > 0.9 was 
considered exceptional. Our nomogram exhibited 
commendable discriminatory and calibration 
properties across both the development and 
validation cohorts. The AUC for the development 
set was recorded at 0.876 (95%CI: 0.84–0.913), 
while the validation set yielded an AUC of 0.849 
(95%CI: 0.784–0.913), substantiating the model’s 
efficacy in predictive accuracy and reliability 
(Figure 3). The DCA indicated that the nomogram 
was clinically useful (Figure 5).

Figure 3.  Receiver operating characteristic curves for the clinical model of poor prognosis applied to the development 
and validation sets. 

A: Receiver operating characteristic (ROC) curve in development cohort; B: ROC curve in validation cohort.

Figure 4. Calibration curves of the nomograms in the development and validation sets.
A: Calibration curve in development cohort; B: Calibration curve in validation cohort.
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of poor functional outcomes.23 As shown in 
studies on thrombolytic therapy for patients with 
AIS, BP dynamics are independently related to 
prognosis.24,25 Furthermore, relevant research 
results have demonstrated that a greater BPV 
within 72 hours after thrombolysis is linked to a 
greater risk of stroke within 3 months.26

 The subsequent effects of BPV in patients 
with cerebral infarction have not been clearly 
revealed. Relevant findings indicate that patients 
with significant variations in BP may upregulate 
endothelial cytokines, which increase the shear 
force within the vascular system and worsen the 
prognosis by causing vascular inflammation, 
breaking down the blood-brain barrier, and 
encouraging the development of atherosclerotic 
plaques.27 Additionally, in the acute ischemic 
brain region, an increase in BPV disrupts the 
brain’s natural balance. The BP increases in 
an attempt to compensate for the loss of this 
function and preserve cerebral blood flow in 
ischemic meninges. Consequently, changes in 
BP can affect the brain and cause instability in 
cerebral perfusion. This instability can manifest 
as either excessive or insufficient perfusion of 
the ischemic brain, thereby increasing the risk 
of bleeding, intracranial pressure, and injury site 
swelling.28,29 BPV may have a long-term impact 
on the prognosis of patients with AIS, but further 
relevant research is needed. In addition, recent 
studies have shown that individuals with higher 
NIHSS scores have poorer neurological outcomes 
after an ischemic stroke.30 Our results show that a 
history of hypertension, the baseline NIHSS score, 
and the BPV within 24 hours after thrombolysis 
were independently related to adverse outcomes 
in patients with a stroke at 3 months and could 
independently predict the prognosis. Our findings 
concurred with the conclusions of these earlier 
studies.

 Ningning et al.31 studied the relationship 
between BPV and initial recovery in patients 
with AIS. They performed prospective research 
and collected imaging data besides demographic, 
clinical, and laboratory data. However, the blood 
pressure they used to calculate the BPV was only 
measured six times, and they had fewer data 
than the data used in our study. They concluded 
that the prognosis of people with high SBP and 
DBP variability was poor, which agrees with 
our findings. In a study on BPV, Li et al.32 used 
daytime and nighttime blood pressure variability 
to distinguish the influence of diurnal blood 
pressure changes on the study. However, in 
our study, we measured and recorded the BP 
immediately after thrombolysis because of the 
randomness of the time of onset of AIS in our 
patients; therefore, we could not distinguish the 
BPV from diurnal variations in blood pressure.
 This study has several strength. First, according 
to our knowledge, only a few studies have created 
a model map to estimate the subsequent status 
of patients with AIS treated with BPV within 24 
hours of thrombolytic therapy. Our predictive 
model, underpinned by a nomogram derived 
from multivariate logistic regression analysis, 
offers not just precision but also accessibility for 
clinical application. This nomogram serves as a 
valuable tool for the identification of AIS patients 
who may face the risk of unfavorable outcomes 
post-thrombolysis. It enables the prediction and 
preemptive mitigation of adverse outcomes 
upon discharge, facilitating a strategy for early 
intervention and personalized risk assessment. 
Second, our  sample size is moderate, which 
improves the accuracy of the model. Finally, 
DCA, a relatively new net benefit analysis method, 
was applied to our nomogram, and the outcomes 
demonstrated its strong clinical practicability.
 There are several limitations in this study. 

Figure 5. Decision curve analysis of the nomograms in the development and validation sets. 
A: Decision curve analysis in development cohort; B: Decision curve analysis in validation cohort.
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First, this study was a retrospective analysis 
based on a single medical center, which means 
that the sample of patients selected may not fully 
reflect the actual situation of all patients with AIS. 
Second, within 3 months after stroke, a patient’s 
condition may further improve or worsen, and 
the effects of taking antiplatelet drugs and lipid-
lowering drugs cannot be completely ruled out. 
In addition, there are many other risk factors for 
stroke, such as the duration of the disease, the 
types of drugs administered, the body mass index, 
eating habits, and physical exercise, which are not 
well recorded in the patient’s electronic medical 
record; therefore, they are not analyzed. Moreover, 
both cerebral artery stenosis and carotid artery 
stenosis are important risk factors for stroke. In 
the future, a multi-center prospective study, which 
should include imaging examination, should e 
performed to further evaluate and improve the 
accuracy of our nomogram.
 In conclusion, the nomogram has excellent 
prediction accuracy, discrimination ability, and 
clinical practicability. It can be used to assess 
the probability of possible negative outcomes 
in patients with AIS after thrombolytic therapy. 
It will aid clinical practice, help physicians and 
nurses to evaluate the prognoses of individuals, 
and serve as an auxiliary tool for decision-making. 
It will facilitate early intervention or planning for 
patients with AIS during hospitalization.

ACKNOWLEDGEMENTS

The authors express their heartfelt thanks to all the 
staff of the Department of the Second Affiliated 
Hospital of Harbin Medical University.

REFERENCES
 
 1. Thayabaranathan T, Kim J, Cadilhac DA, et al. Global 

stroke statistics 2022. Int J Stroke 2022; 17: 946-56. 
DOI: 10.1177/17474930221123175

 2.  Jauch EC, Saver JL, Adams HP Jr, et al. Guidelines for 
the early management of patients with acute ischemic 
stroke: a guideline for healthcare professionals from 
the American Heart Association/American Stroke 
Association. Stroke 2013; 44: 870-947. DOI: 10.1161/
STR.0b013e318284056a

 3.  Bencivenga L, De Souto Barreto P, Rolland Y, et 
al. Blood pressure variability: A potential marker 
of aging. Ageing Res Rev 2022; 80: 101677. DOI: 
10.1016/j.arr.2022.101677

 4.  Webb AJ, Lawson A, Mazzucco S, Li L, Rothwell 
PM. Age and sex distribution of beat-to-beat blood 
pressure variability after transient ischemic attack and 
minor stroke: A population-based study. Int J Stroke 
2021; 16: 683-91. DOI: 10.1177/1747493020971905

 5.  Madden JM, O’Flynn AM, Dolan E, Fitzgerald AP, 
Kearney PM. Short-term blood pressure variability 

over 24 h and target organ damage in middle-aged 
men and women. J Hum Hypertens 2015; 29: 719-25. 
DOI: 10.1038/jhh.2015.18

 6.  Powers WJ, Rabinstein AA, Ackerson T, et al. 
Guidelines for the Early Management of Patients 
With Acute Ischemic Stroke: 2019 Update to the 
2018 Guidelines for the Early Management of 
Acute Ischemic Stroke: A Guideline for Healthcare 
Professionals From the American Heart Association/
American Stroke Association. Stroke 2019; 50: 
e344-e418 DOI: 10.1161/STR.0000000000000211

 7.  Aslanyan S, Fazekas F, Weir CJ, Horner S, Lees 
KR; GAIN International Steering Committee and 
Investigators. Effect of blood pressure during the 
acute period of ischemic stroke on stroke outcome: 
a tertiary analysis of the GAIN International 
Trial. Stroke 2003; 34: 2420-5. DOI: 10.1161/01.
STR.0000091233.04524.0C

 8.  Wang ZX, Wang C, Zhang P, Qu Y, Guo ZN, Yang 
Y. Effects of early changes in blood pressure during 
intravenous thrombolysis on the prognosis of acute 
ischemic stroke patients. Front Aging Neurosci 2020; 
12: 601471. DOI: 10.3389/fnagi.2020.601471

 9.  Appiah KO, Nath M, Manning L, et al. Increasing 
blood pressure variability predicts poor functional 
outcome following acute stroke. J Stroke 
Cerebrovasc Dis 2021; 30: 105466. DOI: 10.1016/j.
jstrokecerebrovasdis.2020.105466

 10.  de Havenon A, Stoddard G, Saini M, et al. Increased 
blood pressure variability after acute ischemic stroke 
increases the risk of death: A secondary analysis of 
the Virtual International Stroke Trial Archive. JRSM 
Cardiovasc Dis 2019; 8: 2048004019856496. DOI: 
10.1177/2048004019856496

 11.  Woods AG, Lillicrap T, Hood R, et al. Blood pressure 
variability is associated with infarct growth in acute 
ischaemic stroke. Cerebrovasc Dis 2024; 53: 449-56. 
DOI: 10.1159/000533737.

 12.  Chalos V, Venema E, Mulder MJHL, et al. 
Development and validation of a postprocedural 
model to predict outcome after endovascular 
treatment for ischemic stroke. JAMA Neurol 2023; 
80: 940-8. DOI: 10.1001/jamaneurol.2023.2392]

 13.  Lees KR, Bath PM, Schellinger PD, et al. Contemporary 
outcome measures in acute stroke research: choice of 
primary outcome measure. Stroke 2012; 43: 1163-70. 
DOI: 10.1161/STROKEAHA.111.641423

 14.  Ganesh A, Luengo-Fernandez R, Pendlebury ST, 
Rothwell PM; Oxford Vascular Study. Weights 
for ordinal analyses of the modified Rankin Scale 
in stroke trials: A population-based cohort study. 
EClinicalMedicine 2020; 23: 100415. DOI: 10.1016/j.
eclinm.2020.100415

 15.  Parati G, Bilo G, Kollias A, et al. Blood pressure 
variability: methodological aspects, clinical relevance 
and practical indications for management - a 
European Society of Hypertension position paper. 
J Hypertens 2023; 41: 527-44. DOI: 10.1097/
HJH.0000000000003363

 16.  Sheikh AB, Sobotka PA, Garg I, et al. Blood pressure 
variability in clinical practice: Past, present and the 
future. J Am Heart Assoc 2023; 12: e029297. DOI: 
10.1161/JAHA.122.029297



931

 17.  Guzik A, Bushnell C. Stroke epidemiology and risk 
factor management. Continuum (Minneap Minn) 2017; 
23: 15-39. DOI: 10.1212/CON.0000000000000416

 18.  Chen Y, Ma Y, Qin J, et al. Blood pressure variability 
predicts poor outcomes in acute stroke patients 
without thrombolysis: a systematic review and 
meta-analysis. J Neurol 2024; 271: 1160-1169. DOI: 
10.1007/s00415-023-12054-w

 19.  Park JS, Shin JH, Park JB, et al. Relationship between 
arterial stiffness and variability of home blood 
pressure monitoring. Medicine (Baltimore) 2020; 
99: e21227. DOI: 10.1097/MD.0000000000021227

 20.  Ye F, Yu NW, Wu WB, Guo FQ. Impact of awake 
blood pressure variability on cerebrovascular 
atherosclerosis in Chinese patients with acute 
ischemic stroke. Blood Press Monit 2016; 21: 271-6. 
DOI: 10.1097/MBP.0000000000000198

 21.  Zhou TL, Henry RMA, Stehouwer CDA, van 
Sloten TT, Reesink KD, Kroon AA. Blood pressure 
variability, arterial stiffness, and arterial remodeling. 
Hypertension 2018; 72: 1002-10. DOI: 10.1161/
HYPERTENSIONAHA.118.11325

 22.  Kim BJ, Kwon SU, Wajsbrot D, Koo J, Park JM, 
Jeffers BW. Relationship of inter-individual blood 
pressure variability and the risk for recurrent stroke. 
J Am Heart Assoc 2018; 7: e009480. DOI: 10.1161/
JAHA.118.009480

 23.  Reddy S, Paramasivan NK, Sreedharan SE, 
Sukumaran S, Vinoda Thulaseedharan J, Sylaja PN. 
Association of 24 h blood pressure on functional 
outcome in patients with acute ischemic stroke post 
intravenous thrombolysis. Cerebrovasc Dis 2023; 
52: 177-83. DOI: 10.1159/000526192]

 24.  Yong M, Kaste M. Association of characteristics 
of blood pressure profiles and stroke outcomes in 
the ECASS-II trial. Stroke 2008; 39: 366-72. DOI: 
10.1161/STROKEAHA.107.492330

 25.  Zuo L, Wan T, Xu X, et al. Relationship of early 
spontaneous type V blood pressure fluctuation after 
thrombolysis in acute cerebral infarction patients 
and the prognosis. Sci Rep 2016; 6: 27656. DOI: 
10.1038/srep27656

 26.  He M, Wang H, Tang Y, et al. Blood pressure 
undulation of peripheral thrombolysis period in 
acute ischemic stroke is associated with prognosis. 
J Hypertens 2022; 40: 749-757 DOI: 10.1097/
HJH.0000000000003070

 27.  Yang M, Lu T, Weng B, He Y, Yang H. Association 
between blood pressure variability and short-term 
outcome after intra-arterial thrombectomy in 
acute stroke patients with large-vessel occlusion. 
Front Neurol 2020; 11: 604437. DOI: 10.3389/
fneur.2020.604437

 28.  Barow E, Boutitie F, Cheng B, et al. 24-hour blood 
pressure variability and treatment effect of intravenous 
alteplase in acute ischaemic stroke. Eur Stroke J 2021; 
6: 168-75. DOI: 10.1177/23969873211014758

 29.  Zhao J, Yuan F, Fu F, et al. Blood pressure variability 
and outcome in acute severe stroke: A post hoc 
analysis of CHASE-A randomized controlled trial. J 
Clin Hypertens (Greenwich) 2021; 23: 96-102. DOI: 
10.1111/jch.14090

 30.  Farooque U, Lohano AK, Kumar A, et al. Validity 

of National Institutes of Health Stroke Scale for 
severity of stroke to predict mortality among patients 
presenting with symptoms of stroke. Cureus 2020; 
12: e10255. DOI: 10.7759/cureus.10255

 31.  Wang NN, Hu Y, Lin SD, et al. Blood pressure 
variability related to early outcome of acute ischemia 
stroke in a prospective observational study. Medicine 
(Baltimore) 2022; 101: e30780. DOI: 10.1097/
MD.0000000000030780

 32.  Li W, Yu Y, Liang D, Jia EZ. Factors associated with 
blood pressure variability based on ambulatory blood 
pressure monitoring in subjects with hypertension in 
China. Kidney Blood Press Res 2017; 42: 267-75. 
DOI: 10.1159/000477424


