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Abstract

Background and objectives Early neurological deterioration (END) post-intravenous thrombolysis significantly
impacts the long-term prognosis of stroke patients. This study aimed to establish a rapid risk prediction model
for unexplained END following intravenous thrombolysis.

Methods This prospective study consecutively enrolled patients with acute ischemic stroke treated with recombi-
nant tissue plasminogen activator intravenous thrombolysis at the Department of Neurology, Third People’s Hos-

pital of Hubei Province, and Yangluo Hospital District between June 2019 and December 2022. Unexplained END

was defined as an increase of >4 points in the National Institutes of Health Stroke Scale (NIHSS) score between admis-
sion and 24 h. A nomogram was developed and assessed by calculating the area under the receiver operating charac-
teristic curve (AUC-ROC). The calibration was assessed using the Hosmer—Lemeshow test.

Results A total of 211 patients (130 males and 110 patients aged < 65 years) were included, with 66 experiencing
unexplained END. Multivariate logistic regression analysis identified large arterial disease, transient ischemic attack,
high blood glucose, high neutrophil/lymphocyte ratio, important perforator disease, and low the Alberta Stroke Pro-
gram Early CT scores (APSECTS) as independent risk factors for END and established the nomogram used above indi-
cators. The nomogram showed an AUC-ROC of 0.809 (95% CI 0.7429-0.8751), with a specificity of 0.862 and sensitivity
of 0.712.The positive predictive value was 0.702, and the negative predictive value was 0.868. The Hosmer-Lemeshow
goodness-of-fit test (> =1.069, P=0.169) indicated acceptable model calibration.

Conclusion This study successfully established a risk prediction model for END following intravenous thrombolysis
and the model demonstrates good stability and predictive capacity. Further validation through a prospective, multi-
center study is necessary.

Keywords Early neurological deterioration, Intravenous thrombolysis, Acute ischemic stroke, Risk prediction model|,
Nomogram, Prospective study

Introduction

Stroke is the second leading cause of death worldwide.
Currently, intravenous thrombolysis the preferred
treatment option for early ischemic stroke intrave-
nous thrombolysis, primarily with recombinant tis-
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However, this treatment is not without risks. Early neu-
rological deterioration (END) is a concerning complica-
tion that can occur following intravenous thrombolysis
in patients with acute ischemic stroke. It represents a
significant worsening in the patient’s neurological sta-
tus, typically within the first 24 h post-treatment [2].
This phenomenon is of considerable clinical interest
due to its potential to negate the benefits of thrombo-
lytic therapy, which is otherwise a pivotal intervention
in acute stroke management. Understanding END is
crucial as it can dramatically impact patient outcomes,
influencing both short-term recovery and long-term
functional independence [3].

Several studies have sought to identify risk factors
for END, with findings suggesting a multifactorial eti-
ology [4-6]. Identified risk factors include high blood
glucose levels, severe arterial occlusions, high initial
stroke severity, and certain blood markers indicative of
inflammation or coagulation dysfunction. These studies
propose that patients exhibiting these characteristics
are at a higher risk for END, leading to the hypothesis
that targeted interventions in these high-risk groups
could mitigate the occurrence of END. The clinical sig-
nificance of this research lies in its potential to refine
post-thrombolysis care strategies, improving patient
outcomes by tailoring interventions to individual risk
profiles. In recent years, the WORSEN early warning
model has been validated for assessing the risk fac-
tors of END in ischemic stroke. This model effectively
predicts END in various populations within the first
week following acute ischemic stroke onset, But for the
WORSEN study, patients receiving intravenous throm-
bolysis and mechanical thrombectomy were excluded,
which is not suitable for predicting END after intra-
venous thrombolysis. However, the WORSEN study
provided us with direction and partial basis for this
research [7]. Despite this advancement, there remains
a gap in risk prediction specifically for END following
intravenous thrombolysis. While intracranial hemor-
rhage and malignant cerebral edema are known causes,
several instances of END remain unexplained.

So far, we have not seen any research literature on pre-
dictive models for END after intravenous thromboly-
sis. Given the complex nature of END and its profound
impact on patient outcomes, this study aimed to establish
a comprehensive risk prediction model for END follow-
ing intravenous thrombolysis. Two factors for the predic-
tors we selected, one was a higher relevance associated
with END of intravenous thrombolysis in previous stud-
ies, and the other was the predictors, could to be easily
obtained in most hospitals, including high-level medical
centers and primary health institutions. In this study, we
will specify predictive models based on these factors and
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conduct internal validation to understand their predic-
tive utility.

Methods

Study design and patients

This prospective study consecutively collected patients
with acute ischemic stroke treated with rt-PA intrave-
nous thrombolysis at the Department of Neurology, both
at the headquarters of the Hubei No. 3 People’s Hospi-
tal of Jianghan University and the Yangluo Hospital Dis-
trict, between June 2020 and December 2022. Inclusion
criteria for the study are as follows: (1) patients must be
over 18 years of age; (2) diagnosis should be confirmed
according to the ‘Chinese Guideline for Diagnosis and
Treatment of Acute Ischemic Stroke (2018)’ [8], with ver-
ification by cranial computed tomography (CT) or mag-
netic resonance imaging (MRI); (3) admission is required
within 4.5 h after the onset of symptoms; (4) END after
thrombolysis is defined as an increase of >4 points in the
NIHSS score, recorded between admission and 24 h; (5)
the occurrence of END must be unexplained, without
evident causes such as malignant edema, symptomatic
intracerebral hemorrhage, a recent history of stroke in
the same territory, or other medical complications; (6)
informed consent was obtained from either the patients
or their family members. Exclusion criteria for the study
included: (1) patients with serious comorbidities, such
as cardiac insufficiency of grade II or higher; (2) patients
with contraindications for intravenous thrombolysis,
as outlined in the Chinese Guidelines for the Diagnosis
and Treatment of Acute Ischemic Stroke (2018) [8]; (3)
prior treatment with arterial thrombolysis or mechani-
cal thrombectomy; (4) negative head diffusion-weighted
imaging (DWI) findings, to reduce door to needle time
(DNT), most patients were treated with intravenous
thrombolysis after CT, then followed by magnetic reso-
nance DWI, in fact, some patients presenting with
stroke-like symptoms may be treated with intravenous
thrombolytic therapy. Therefore, DW1I-negative patients
were excluded from this study; (5) incomplete clinical
data; (6) a well-documented history of mental illness. The
study was approved by the Ethics Committee of Hubei
No. 3 People’s Hospital of Jianghan University [2019 Eth-
ics Section No. (43)], conducted in accordance with the
Declaration of Helsinki, and written informed consent
was obtained before its commencement.

Procedure

Demographic information and clinical indicators were
collected through the green channel of intravenous
thrombolysis post-admission. This included age, gen-
der, and history of transient ischemic attack (TIA) prior
to the current stroke, the onset time of intravenous
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thrombolysis (ONT), systolic blood pressure (SBP), and
presence of atrial fibrillation (AF) or valvular heart dis-
ease, identified as cardiogenic embolism. Other param-
eters included the Alberta Stroke Program Early CT
Score (ASPECTS), neutrophil-lymphocyte ratio (Neu-
Lym Ratio or NLR), important perforator disease, large
arterial disease related to intravenous thrombolysis, the
rt-PA dosage, bridging therapy, medical history (compris-
ing hypertension, diabetes mellitus, AF or valvular heart
disease, among other related diseases), as well as baseline
and 24-h NIHSS scores, and blood glucose levels.

A CT scan was conducted prior to thrombolysis and
ASPECTS was assessed. Prior to thrombolysis, a blood
cell analysis was performed to obtain the neutrophil/
lymphocyte ratio (Neu/Lym Ratio). This analysis was
conducted using an automated hematology analyzer,
which employs techniques such as electrical impedance,
radio frequency conductance, spectrophotometry, and
flow cytometry. The primary assessments focused on the
patient’s red blood cell count and hemoglobin concen-
tration, along with white blood cell and platelet counts.
Specifically, the white blood cell examination included
neutrophils, lymphocytes, monocytes, eosinophils, and
basophils. During intravenous thrombolysis, both MRI
and CT angiography (CTA) were performed. The core
infarct area was assessed using DWI, while the vascu-
lar condition was evaluated through CTA to determine
whether the cerebral infarction originated from impor-
tant perforator arteries or was caused by a large arte-
rial lesion. Hemorrhagic transformation and malignant
edema were assessed via a second CT scan conducted
24 h after the intravenous thrombolysis. Additionally,
careful observation was maintained for other medical
complications post-thrombolysis, including asphyxia,
cardiac insufficiency, and pulmonary embolism.

Imaging assessments were conducted jointly by radi-
ology imaging physicians and neurologists, all of whom
hold at least an associate senior professional title. The
determination of the acute cerebral infarction area was
primarily based on the high signal area observed in DWI.
This high signal is typically indicative of cytotoxic edema
in the acute phase of cerebral infarction or the onset of
vasogenic edema, leading to impaired dispersion of water
molecules. Consequently, these changes are manifested
as a high signal on DWI MRL

After the intravenous injection of an iodine-containing
contrast agent, a spiral CT scan was performed for post-
processing and three-dimensional reconstruction. This
scan assessed the bilateral internal carotid arteries, ante-
rior cerebral arteries, middle cerebral arteries and their
branches, vertebral arteries, basilar artery, posterior infe-
rior cerebellar arteries, anterior inferior cerebellar arter-
ies, superior cerebellar arteries, and posterior cerebral
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arteries. The evaluation focused on identifying large arte-
rial occlusions, determined by the presence or absence of
obstruction in anteriorly oriented blood flow. The occlu-
sion site was correlated with the patient’s medical history
to identify the responsible vessel. In conjunction with the
DWI-detected infarct area, the possibility of penetrating
arterial infarction was assessed. The spiral CT scan also
evaluated for the presence of large cerebral infarcts, char-
acterized predominantly by low signal; cerebral hemor-
rhage, indicated by a persistently high signal even after
the exclusion of contrast residue; and malignant cerebral
edema leading to cerebral herniation.

The ASPECTS is a semi-quantitative tool used to
evaluate early ischemic changes (EIC) specifically in the
middle cerebral artery (MCA) donor region. This scor-
ing system divides the MCA donor area into 10 sections
across two levels. At the thalamus and basal ganglia lev-
els, there are 7 sections (C, L, IC, I, M1, M2, M3), and at
the level above the nucleus accumbens, there are 3 sec-
tions (M4, M5, M6). These levels are differentiated by the
head of the caudate nucleus; sections visible at the level
of the caudate nucleus’s head are classified under the
thalamus and basal ganglia level, while those from the
next level up to the centers of the semi-ovals fall under
the level above the nucleus accumbens. In ASPECTS, 1
point is deducted for each EIC observed in any of the 10
MCA donor areas. A score of 0 indicates diffuse ischemia
involving the entire middle cerebral artery. A score
greater than 7 is associated with a promising prognosis
for independent living at 3 months post-stroke, while a
score of 7 or less indicates a likelihood of dependence or
high mortality risk. Notably, if the ASPECTS score is 7 or
less following thrombolytic therapy, the risk of cerebral
hemorrhage is 14 times higher compared to patients with
a score higher than 7.

END and severe END definition

Compared with NIHSS score before intravenous throm-
bolysis, END was defined as an increase in two or more
NIHSS points, an increment of at least one point in
motor power, or description of fluctuating of clinical
symptoms in medical reports during the first 48 h after
intravenous thrombolysis, severe END (15) was defined
as an increase of NIHSS >4 points. Were classified into 2
groups according to the presence or absence of END.

Statistical analysis

Continuous data following a normal distribution were
presented as means * standard deviations (SD) and ana-
lyzed using Student’s ¢-test. For data not normally distrib-
uted, medians (interquartile range, IQR) were used, and
analyses were conducted with the Mann—Whitney U test.
Categorical data were expressed as n (%) and analyzed



Zhu et al. Egypt J Neurol Psychiatry Neurosurg (2024) 60:100

using the Chi-square test or Fisher’s exact test, as appro-
priate. In the process of nomogram construction and
validation, variables demonstrating significance (P<0.05)
in univariate logistic regression analysis were included
in multivariate logistic regression analysis to identify
independent risk factors for unexplained END (step-
wise forward variable selection method). Based on the
logistic analysis results, these independent risk factors
were incorporated into the risk model prediction. The
nomogram was constructed using the R programming
language, with factor value ranges defined by clinical or
literature analysis. The prediction model’s discrimination
was evaluated using the receiver operating characteristic
(ROC) curve and the area under the curve (AUC). Model
calibration was assessed with the Hosmer—Lemeshow
test. To verify the stability of our model, we performed
internal data analysis, dividing the data into training and
validation groups to evaluate the model’s discriminant
ability. Calibration was employed to assess the consist-
ency of the model’s predictions. Additionally, we utilized
decision curve analysis to determine the clinical utility of
the nomogram.

All statistical analyses were conducted using SPSS
Statistics version 21.0 (IBM, Armonk, NY, USA), and
two-sided P-values of less than 0.05 were considered sta-
tistically significant.

Results

Patients disposition

A total of 279 patients were initially included. However,
several exclusions were made: 24 patients were excluded
due to incomplete clinical data, 24 due to definite mac-
rovascular lesions or receipt of intravascular treatment,
11 confirmed to have large-area cerebral infarction or
complications with intracranial hemorrhage, and 9 due to
heart failure and myocardial infarction. Finally, a total of
211 patients were included. In terms of treatment, 90.4%
of the patients received 0.9 mg/kg of rt-PA, and 9.6%
received 0.6 mg/kg. Patients who have received 0.6 mg/kg
of rt-PA targeted at those with high bleeding risk, mainly
including patients over 85 years old, the area of cerebral
infarction close to 1/3 of the middle cerebral artery, and
obvious infarction was seen early on CT whose onset
time were less than 3 h. Among these, a total of 66
patients experienced unexplained END (Fig. 1). Of the
211 patients, 153 cases (approximately 72%) were ran-
domly assigned to the training group, while the remain-
ing 58 cases (approximately 28%) formed the validation

group.

Baseline characteristics
The mean age was
group  (62.1+8.6

slightly lower in the END
years) compared to  the
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Non-END group (64.8+9.2 years). SBP was compara-
ble, with 140.7+22.1 mmHg in the END group versus
139.1+17.9 mmHg in the Non-END group. Blood glucose
levels were higher in the END group (9.0+4.1 mmol/L)
than in the Non-END group (7.4+3.5 mmol/L). The
Neu/Lym ratio also showed a significantly increased in
the END group (5.5+1.4) compared to the Non-END
group (4.5+0.9). NIHSS scores were slightly higher in
the END group (4.2+2.2) than in the Non-END group
(3.6£1.9). The mean of ONT was marginally lower in
the END group (2.8+1.1 h) compared to the Non-END
group (2.9+0.9 h), but the comparison was not statisti-
cally significant. Lastly, ASPECTS was lower in the END
group (6.8+1.8) than in the Non-END group (7.7 +1.6)
(Fig. 2).

Univariate logistic regression analysis

Univariate logistic regression analysis revealed that blood
glucose >11.0 mmol/L (OR: 2.70, 95% CI 1.20-6.04,
P=0.016), cardiogenic embolism (OR: 2.45, 95% CI
1.17-5.13, P=0.018), TIA (OR: 2.80, 95% CI 1.41-5.54,
P=0.003), NIHSS scores > 6 (OR: 2.04, 95% CI 1.05-3.97,
P=0.036), large artery disease (OR: 4.00, 95% CI 2.09—
7.65, P<0.001), important perforator (OR: 2.43, 95% CI
1.21-4.87, P=0.012), Neu/Lym ratio (OR: 4.17, 95% CI
2.22-7.83, P<0.001), and ASPECTS <6 scores (OR: 2.39,
95% CI 1.02-5.63, P=0.045) were associated with END
after venous thrombosis (all P<0.05) (Table 1).

Multivariate logistic regression analysis for END

after intravenous thrombolysis

Multivariate logistic regression analysis identified large
artery disease (OR: 3.08, P=0.010, 95% CI 1.21-6.12),
TIA (OR: 2.91, P=0.012, 95% CI 0.58-0.93, high blood
glucose (OR: 1.16, P=0.002, 95% CI 1.05-1.27), high
Neu/Lymp ratio (OR: 2.43, P<0.0001, 95% CI 1.73—
3.34), important perforator (OR: 2.89, P=0.025, 95% CI
1.32-7.22, and Alberta Stroke Program Early CT Score
(ASPECTS) (OR: 1.37, P=0.011, 95% CI 1.15-7.28) as
independent risk factors for END following intravenous
thrombolysis (Table 2).

Nomogram for predicting END

Based on the logistic analysis results, six independent
risk factors were included in the model and developed a
nomogram: large artery disease, TIA, blood glucose lev-
els, Neu/Lym ratio, important perforator, and ASPECTS.
In the nomogram, each of these 10 predictors was
assigned a graphic preliminary score on a scale from 0
to 10. These scores were summed to derive a total score,
which was then translated into an individual probability
of experiencing END post-thrombolysis, ranging from 0
to 100% (Fig. 3). The AUC-ROC value of the nomogram



Zhu et al. Egypt J Neurol Psychiatry Neurosurg (2024) 60:100

Page 5 of 11

Total of 279

68 cexcluded:
incomplete clinical data
intravascular treatment
large-areainfarction
intracranial hemorrhage
Severe heart disease

211included

66 uexplained END

l

145 stable or improved

univariate analyses

|

Relevant risk factors can be obtained from stroke

END

multivariate analyses

green channel

The nomogram were performed
and the prediction model was assessed

Fig. 1 Flowchart depicting patient selection and study design. END early neurological deterioration

was 0.809 (95% CI 0.7429-0.8751), with a specificity of
0.862 and a sensitivity of 0.712. The positive predictive
value was 0.702, and the negative predictive value was
0.868. In the validation group, there were 43 cases with-
out END, and 15 cases with END. The AUC-ROC curve
for the nomogram was 0.816, with a 95% CI of 0.6783—
0.9527 (Fig. 4). In the training group, the C-index was
0.846, Dxy was 0.692, the mean absolute error (MAE)
was 0.027, the mean squared error (MSE) was 0.00082,
and the quantity of absolute error was 0.038. In the vali-
dation group, the C-index was 0.852, Dxy was 0.705,
MAE was 0.074, MSE was 0.00079, and the quantity of
absolute error was 0.146. These results indicate that the
actual predictive ability of the model is relatively close to
the ideal, suggesting acceptable consistency between the
model and the ideal model (Fig. 5). Based on the decision
curve analysis, the threshold probability for the training
group was set between 0.08 and 0.86, while for the valida-
tion group, it ranged from 0.11 to 0.73. These thresholds

demonstrate the significant clinical relevance of using the
nomogram for assessing the risk of END (Fig. 6).

Discussion

This study found that large artery disease, TIA, high
blood glucose, elevated leukocyte—lymphocyte ratio,
significant perforator artery cerebral infarction, and
ASPECTS were independent risk factors for END follow-
ing intravenous thrombolysis. A nomogram-based risk
prediction model was developed and demonstrates good
stability and predictive capacity. These findings may pro-
vide valuable guidance for clinical medical staff in evalu-
ating the condition of acute ischemic stroke patients and
implementing pre-treatment interventions.

The nomogram’s practical application is substantial,
offering a significant benefit in clinical settings. The
statistical analyses of both the training and validation
groups provide strong evidence of the model’s stability
and predictive accuracy. This model serves as a refined
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Fig. 2 Comparative analysis of baseline characteristics between Non-END and END Groups. END early neurological deterioration, SBP systolic blood
pressure, NIHSS National Institutes of Health Stroke Scale, ONT onset time, Neu/Lym ratio neutrophil-to-lymphocyte ratio, ASPECTS Alberta Stroke

Program Early CT Score. Data are presented as mean+SD

tool for clinicians, enhancing the evaluation of acute
ischemic stroke patients and aiding in the implementa-
tion of targeted pre-treatment interventions. The high
AUC-ROC value of the model, along with its specificity
and sensitivity, underlines its reliability for clinical use.
Moreover, the decision curve analysis emphasizes the
model’s applicability in routine clinical practice by pre-
senting a broad threshold probability range. This range is
designed to accommodate a variety of clinical scenarios,
thereby augmenting the model’s utility for healthcare
professionals who face critical decision-making in diverse
patient populations.

The nomogram developed in this study for predict-
ing unexplained END following intravenous thromboly-
sis in acute ischemic stroke patients marks a significant
advancement, particularly when compared to existing
models such as the WORSEN model, which assesses
END risk factors within the first week post-stroke [7].
On the other hand, this new nomogram specifically tar-
gets the immediate post-thrombolytic phase, incorporat-
ing a diverse set of clinical and imaging parameters such
as large artery disease, TIA history, and blood glucose
levels. This approach not only fills a crucial gap in acute
phase stroke risk assessment, but also complements
existing models by providing a more nuanced tool for
clinical decision-making in the critical period following
thrombolysis.

Early prediction is crucial for effective doctor—patient
communication and the timely implementation of

preventive measures to reduce the incidence of END.
Many indicators, such as aquaporin-4 levels or active
N-terminal pro-brain natriuretic peptide levels, are typi-
cally obtained post-intravenous thrombolysis and are
seldom measured in emergency settings [9-11]. A meta-
analysis of risk factors for END occurrence, helped us
identify indicators accessible in green channel facilities
and primary hospitals [12]. The green channel of stroke
was established in most Hospitals in China. The green
channel of stroke first aid in the emergency department
in the hospital with the ability of stroke treatment, makes
a special, timely and rapid treatment channel within the
time window. When these patients arrived at the hospi-
tal, if the onset of the disease was very short, there would
be special personnel to accompany them to the clinic for
examination and treatment. They would be given drugs
or interventional therapy as quickly as possible in order
to shorten the time delay. If there is a good green channel
for stroke treatment during this process, it can make the
patient to be treated as quickly as possible. Factors such
as medical history (age, gender, ONT), physical examina-
tion (blood pressure, NIHSS score), imaging (including
brain CT, MRI DWI, and MRA for ASPECTS score), and
serum laboratory tests (blood cell analysis, blood glu-
cose) can be utilized in emergency situations.

In many studies, it is noted that large artery disease
[9, 13], coupled with a low ASPECTS [14, 15], can con-
tribute to the occurrence of END. Large arterial lesions
result in extensive ischemic tissue and potentially a
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Table 1 Demographic and clinical characteristics
All patients (n=211) END (n=66) Non-END (n=145) P OR 95% ClI

Age, years, n (%)

<65 110 (52.1) 38 (57.6) 72 (49.7) 1.00 Reference

>65 101 (47.9) 28 (42.4) 73 (50.3) 0.286 0.73 0.40, 1.31
Gender, n (%)

Male 130 (61.6) 43 (65.2) 87 (60.0) 1.00 Reference

Female 81(384) 23(34.8) 58 (40.0) 0476 0.80 044,147
SBP, n (%)

<140 mmHg 123 (58.3) 38 (57.6) 85 (58.6) 1.00 Reference

<160 mmHg 52 (24.6) 11(16.7) 41(283) 0.192 0.60 0.28,1.29

>160 mmHg 36(17.1) 17 (25.8) 19(13.1) 0.073 2.00 0.94,4.27
Blood glucose, n (%)

<11.0 mmol/L 167 (79.1) 43 (65.2) 124 (85.5) 1.00 Reference

>11.0 mmol/L 44 (20.9) 23 (34.8) 21 (14.5) 0.016 2.70 1.20,6.04
Cardiogenic embolism, n (%)

No 176 (83.4) 49 (74.2) 127 (87.6) 1.00 Reference

Yes 35(16.6) 17 (25.8) 18(12.4) 0.018 245 117,513
TIA, n (%)

No 167 (79.1) 44 (66.7) 123 (84.8) 1.00 Reference

Yes 44(20.9) 22(333) 22(15.2) 0.003 2.80 141,554
NIHSS, n (%)

<6 scores 163 (77.3) 45 (68.2) 118 (81.4) 1.00 Reference

>6 scores 48 (22.7) 21(31.8) 27 (18.6) 0.036 2.04 1.05,3.97
Large artery disease, n (%)

No 156 (73.9) 36 (54.5) 120 (82.8) 1.00 Reference

Yes 55(26.1) 30 (45.5) 25(17.2) <0.001 4.00 2.09,7.65
Important perforator, n (%)

No 169 (80.1) 46 (69.7) 123 (84.8) 1.00 Reference

Yes 42 (19.9) 20 (30.3) 22 (15.2) 0.012 243 1.21,4.87
ONT, n (%)

<3h 119 (56.4) 38(57.6) 81 (55.9) 1.00 Reference

>3h 92 (43.6) 28 (424) 64 (44.1) 0816 093 0.52,1.68
Neu/Lym ratio, n (%)

<48 110 (52.1) 19 (28.8) 91 (62.8) 1.00 Reference

>438 101 (47.9) 47 (71.2) 54(37.2) <0.001 417 222,783
ASPECTS, n (%)

>6 scores 157 (74.4) 38(57.6) 119 (82.1) 1.00 Reference

<6 scores 54 (25.6) 28 (42.4) 26(17.9) 0.045 239 1.02,5.63

END early neurological deterioration, OR odds ratio, 95% Cl 95% confidence interval, SBP systolic blood pressure, TIA transient ischemic attack, N/HSS National
Institutes of Health Stroke Scale, ONT onset time, Neu/Lym ratio neutrophil-to-lymphocyte ratio, ASPECTS Alberta Stroke Program Early CT Score

significant ischemic penumbra. Intravenous throm-
bolysis often has limited efficacy in such cases of large
artery disease. A low ASPECTS score indicates poor
collateral circulation, which can lead to ischemic pro-
gression if blood vessels cannot be adequately recon-
structed. However, this study excluded patients at risk
of malignant edema due to extensive cerebral infarc-
tion. Thus, hemodynamics, low perfusion, or poor col-
lateral circulation resulting from large artery disease

were the primarily considered factors. During throm-
bolysis, the exposure of atherosclerotic plaque surfaces,
which are highly thrombogenic, can cause thrombus
expansion and reformation. The dissolution of large
plaques may lead to the formation of small thrombi,
which can then obstruct distal branch arteries, causing
ischemia and hypoxia in the corresponding brain tissue
[16]. This results in secondary damage and exacerba-
tion of clinical symptoms.
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Table 2 Multivariate logistic regression analysis identifying
independent risk factors for END following intravenous
thrombolysis

Variables Adjusted OR 95%ClI P

Blood glucose (> 11.0 mmol/Lvs.  1.16 1.05-1.27  0.002
<11.0 mmol/L)

Large artery disease (yes vs. no) 3.08 121-6.12 0010
Important perforator (yes vs. no) 2.89 1.32-7.22 0.025
ASPECTS (<6 scores vs. > 6 scores) 1.37 1.15-7.28 0.011
Neu/Lym ratio (>4.8 vs. <4.8) 243 1.73-334  <0.0001
TIA (yes vs. no) 291 0.58-0.93 0.012

B regression coefficients, SE standard error, WALS weighted-average least
squares, df degrees of freedom, OR odds ratio, C/ confidence interval

In patients with a history of early TIA, this study exam-
ined 44 patients who presented with TIA symptoms.
Among them, 32 had underlying large artery lesions
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(either severe stenosis or unstable plaque), 9 had issues
with perforating arteries, and 2 had causes that were
unknown. This indicates that the main factors contribut-
ing to infarction progression in TIA patients are hypop-
erfusion resulting from large artery disease or the onset
of new artery-to-artery embolisms.

Moreover, high glycemic levels or poorly controlled
diabetes are often seen as contributing factors. Increased
blood glucose levels post-stroke may impede the second-
ary fibrinolytic process, leading to reduced blood flow in
the ischemic penumbra and an expanded cerebral infarc-
tion area [17]. In cases of infarction caused by impor-
tant perforator artery occlusion, we discern the absence
of large artery disease by analyzing the infarction loca-
tion on DWI and CTA. This assessment aligns with the
typical locations and extents of common important per-
forator artery infarctions. The responsible vessels may
include the anterior choroidal artery, basilar artery per-
forators, Heubner’s recurrent artery, lenticular artery,
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Fig. 3 Nomogram for predicting the risk of END following intravenous thrombolysis. Points assigned to each variable from the multivariate analysis
are represented. The ‘Total Points’is the sum of all individual scores. The lower section of the figure displays the corresponding probability of END

based on the total score
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and thalamic-related perforator arteries [18]. Some stud-
ies have specifically investigated the primary predictors
of cerebral infarction due to small vessel disease, noting
capsule warning syndrome and ventral pontine infarc-
tion as significant factors [19, 20]. Among the 33 patients
studied, 23 cases showed an expansion of the ischemic
area. We also recognize that most of these perforating
arteries are terminal vessels, which implies a high likeli-
hood of thrombosis extension and progression. Their
compensatory capacity is relatively poor, lacking assis-
tance from other blood vessels [21].

In the context of the Neu/Lym ratio, a study by Pengyu
Gong reported that out of 1060 patients, 193 (18.2%)
were diagnosed with END post-thrombolysis. The study
found associations between three logistic neutrophil—
lymphocyte related ratios (NLRs)—namely NLR (neu-
trophil-lymphocyte ratio), PLR (platelet-lymphocyte
ratio), and LMR (lymphocyte—monocyte ratio)—and
post-thrombolysis END, with NLR and PLR potentially
serving as predictors. Specifically, NLR was identified as
an independent factor for END following thrombolysis
[22]. Numerous studies have corroborated the signifi-
cant role of inflammatory mechanisms in the pathogen-
esis and progression of ischemic stroke. Peripheral blood
leukocytes, triggered by inflammatory cytokines and
chemokines, are released from ischemic tissues [23].
Conversely, these peripheral leukocytes can also impact
ischemic tissue, with neutrophil-derived free radicals
causing brain damage [24]. Lymphocyte count, on the
other hand, is considered neuroprotective and contrib-
utes to neural function improvement [25]. Therefore, the
leukocyte to lymphocyte ratio not only reflects the neu-
roinflammatory response and activity post-ischemia but
also indicates the likelihood of peripheral system infec-
tion, which is associated with poor prognosis.

This study has limitations. Other factors may also
affect the occurrence of END, such as hypotension dur-
ing the thrombolysis period, abnormal body temperature,
hypoalbuminemia, etc. The indicators selected in the
design of this study were based on literature analysis, and
some indicators may not have been included. For ONT
for thrombolysis <180 min compared to >180 min, the
The division time window is set based on the time win-
dow of intravenous thrombolysis with rt-PA, and fur-
ther research to find a cut-off point after which END is
needed to define it in the future.

While it involves a retrospective analysis of prospec-
tively collected data, it is based on observations from a
single center. It is our hope that this study will serve as
an impetus for broader collaboration among hospitals.
Contributions from multiple centers, particularly pri-
mary hospitals, could make the data more persuasive
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and valuable. Expanding the scope of collaboration
can provide a more comprehensive understanding and
enhance the reliability of the findings.

In conclusion, this study evaluated some risk factors
that cause unexplained END and developed a nomo-
gram-based risk prediction model for END following
intravenous thrombolysis, demonstrating both stabil-
ity and reliable predictive capacity. To validate these
findings further, a prospective, multicenter study is
warranted.

Abbreviations
rt-PA Recombinant tissue plasminogen activator
END Early neurological deterioration

NIHSS National Institute of Health Stroke Scale

AUC-ROC The area under the receiver operating characteristic
curve

cT Computed tomography

MRI Magnetic resonance imaging

EIC Early ischemic changes

MCA The middle cerebral artery

NLR or Neu/Lymratio  Neutrophil-lymphocyte ratio

PLR Platelet-lymphocyte ratio

LMR Lymphocyte-monocyte ratio

CTA Computed tomography angiography

DWI Diffusion-weighted imaging

TIA Transient ischemic attack prior to the current stroke

ONT The onset time of intravenous thrombolysis

SBP Systolic blood pressure

AF Presence of atrial fibrillation

ASPECTS Alberta Stroke Program Early CT Score

Acknowledgements
Not applicable.

Author contributions

Bifeng Zhu wrote the main manuscript text, Haiwei Jiang was the main
charger of these projects for the text, Jing Zuo and Dan Yan prepared
manuscript drafting. Chang Gao and Yi Huang were in charge of collecting
clinical research data for the text. Dan Wang was in charge of statistics for this
research. All authors reviewed the manuscript.

Funding

This work was supported by grants from the Wuhan Medical Research Pro-
gram (No. WX20C11) and a grant from Traditional Chinese Medicine Research
Program of Hubei Provincial Health Commission (No. ZY2011MO071).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Informed consents were obtained from the participants entering the stroke
registry, and this analysis was approved by the Ethics Committee of Hubei No.
3 People’s Hospital of Jianghan University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.



Zhu et al. Egypt J Neurol Psychiatry Neurosurg (2024) 60:100

Received: 15 May 2024 Accepted: 12 August 2024
Published online: 20 August 2024

References

1.

20.

ChenY, Li J, Dang C, et al. Impact of stroke center certification on rt-PA
thrombolysis after acute ischemic stroke in South China from 2015 to
2020. Int J Stroke. 2022;17(5):559-65.

Liu L, Wang W. Risk factors for acute ischemic stroke following intrave-
nous thrombolysis: a 2-center retrospective cohort study. Ann Palliat
Med. 2022;11(1):185-200.

Sharma A, Pandit AK, Mishra B, et al. Early neurological deterioration in
acute ischemic stroke. Ir J Med Sci. 2024;193(2):949-55.

Shah K, Clark A, Desai SM, et al. Causes, predictors, and timing of early
neurological deterioration and symptomatic intracranial hemorrhage
after administration of IV tPA. Neurocrit Care. 2022;36(1):123-9.

Che F,Wang A, Ju, et al. Early neurological deterioration in acute
ischemic stroke patients after intravenous thrombolysis with alteplase
predicts poor 3-month functional prognosis—data from the Throm-
bolysis Implementation and Monitor of Acute Ischemic Stroke in China
(TIMS-China). BMC Neurol. 2022;22(1):212.

Yu WM, Abdul-Rahim AH, Cameron AC, et al. The incidence and associ-
ated factors of early neurological deterioration after thrombolysis: results
from SITS registry. Stroke. 2020;51(9):2705-14.

XuY, ChenY, Chen R, et al. External validation of the WORSEN score for
prediction the deterioration of acute ischemic stroke in a Chinese popu-
lation. Front Neurol. 2020;11:482.

Chinese Society of Neurology and Chinese Stroke Society. Chinese guide-
lines for diagnosis and treatment of acute ischemic stroke 2018. Chin J
Neurol. 2018;51:666-82.

Sabir Rashid A, Huang-Link Y, Johnsson M, et al. Predictors of early neu-
rological deterioration and functional outcome in acute ischemic stroke:
the importance of large artery disease, hyperglycemia and inflammatory
blood biomarkers. Neuropsychiatr Dis Treat. 2022;18:1993-2002.

He Y, Yang Q Liu H, et al. Effect of blood pressure on early neurological
deterioration of acute ischemic stroke patients with intravenous rt-PA
thrombolysis may be mediated through oxidative stress induced blood-
brain barrier disruption and AQP4 upregulation. J Stroke Cerebrovasc Dis.
2020,29(8): 104997.

. Zhang KJ, Jin H, Xu R, et al. N-terminal pro-brain natriuretic peptide is

associated with hemorrhagic transformation and poor outcomes in
patients with stroke treated with intravenous thrombolysis. Front Mol
Neurosci. 2021;14: 758915.

. ShiHX, Li C, Zhang YQ, et al. Predictors of early neurological deteriora-

tion occurring within 24 h in acute ischemic stroke following reperfu-
sion therapy: a systematic review and meta-analysis. J Integr Neurosci.
2023,;22(2):52.

Seners P, Ben Hassen W, Lapergue B, et al. Prediction of early neuro-
logical deterioration in individuals with minor stroke and large vessel
occlusion intended for intravenous thrombolysis alone. JAMA Neurol.
2021,78(3):321-8.

Cuadrado-Godia E. Early neurological deterioration, easy methods to
detect it. Indian J Med Res. 2015;141(3):266-8.

Tian T, Wang L, Xu J, et al. Prediction of early neurological deterioration in
acute ischemic stroke patients treated with intravenous thrombolysis. J
Cereb Blood Flow Metab. 2023;43(12):2049-59.

Asada Y, Yamashita A, Sato Y, et al. Pathophysiology of atherothrombo-
sis: Mechanisms of thrombus formation on disrupted atherosclerotic
plaques. Pathol Int. 2020;70(6):309-22.

Mitsias PD. Early neurological deterioration after intravenous throm-
bolysis: still no end in sight in the quest for understanding END. Stroke.
2020;51(9):2615-7.

Viynckier J, Maamari B, Grunder L, et al. Early neurologic deterioration in
lacunar stroke: clinical and imaging predictors and association with long-
term outcome. Neurology. 2021,97(14):e1437-46.

He L, Xu R, Wang J, et al. Capsular warning syndrome: clinical analysis and
treatment. BMC Neurol. 2019;19(1): p285.

Martinez HR, Figueroa-Sanchez JA, Arreola-Aldape CA, et al. Capsular
warning syndrome and its clinical awareness and therapeutic approach:

Page 11 of 11

two case reports and a systematic review of the literature. Front Neurol.
2023;14:1177660.

21. Park MG, Oh EH, Kim BK, et al. Intravenous tissue plasminogen activator
in acute branch atheromatous disease: does it prevent early neurological
deterioration? J Clin Neurosci. 2016;33:194-7.

22. Gong P, LiuY, Gong Y, et al. The association of neutrophil to lymphocyte
ratio, platelet to lymphocyte ratio, and lymphocyte to monocyte ratio
with post-thrombolysis early neurological outcomes in patients with
acute ischemic stroke. J Neuroinflamm. 2021;18(1):51.

23. Nam KW, Kim TJ, Lee JS, et al. High neutrophil-to-lymphocyte ratio pre-
dicts stroke-associated pneumonia. Stroke. 2018;49(8):1886-92.

24. Parikh NS, Merkler AE, ladecola C. Inflammation, autoimmunity, infection,
and stroke: epidemiology and lessons from therapeutic intervention.
Stroke. 2020;51(3):711-8.

25. Massiot N, Lareyre F, Voury-Pons A, et al. High neutrophil to lym-
phocyte ratio and platelet to lymphocyte ratio are associated with
symptomatic internal carotid artery stenosis. J Stroke Cerebrovasc Dis.
2019;28(1):76-83.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	A risk prediction model for unexplained early neurological deterioration following intravenous thrombolysis
	Abstract 
	Background and objectives 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design and patients
	Procedure
	END and severe END definition
	Statistical analysis

	Results
	Patients disposition
	Baseline characteristics
	Univariate logistic regression analysis
	Multivariate logistic regression analysis for END after intravenous thrombolysis
	Nomogram for predicting END

	Discussion
	Acknowledgements
	References


