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Nomogram prediction model for
the risk of intracranial
hemorrhagic transformation after
intravenous thrombolysis in
patients with acute ischemic
stroke
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University, Shanghai, China

Background: Hemorrhagic transformation (HT) after intravenous thrombolysis
(IVT) might worsen the clinical outcomes, and a reliable predictive system is
needed to identify the risk of hemorrhagic transformation after IVT.

Methods: Retrospective collection of patients with acute cerebral infarction treated
with intravenous thrombolysis in our hospital from 2018 to 2022. 197 patients were
included in the research study. Multivariate logistic regression analysis was used to
screen the factors in the predictive nomogram. The performance of nomogram was
assessed on the area under the receiver operating characteristic curve (AUC-ROC),
calibration plots and decision curve analysis (DCA).

Results: A total of 197 patients were recruited, of whom 24 (12.1%) developed
HT. In multivariate logistic regression model National Institute of Health Stroke
Scale (NIHSS) (OR, 1.362; 95% Cl, 1.161-1.652; p = 0.001), N-terminal pro-brain
natriuretic peptide (NT-pro BNP) (OR, 1.012; 95% Cl, 1.004-1.020; p = 0.003),
neutrophil to lymphocyte ratio (NLR) (OR, 3.430; 95% Cl,2.082-6.262; p <0.001),
systolic blood pressure (SBP) (OR, 1.039; 95% ClI, 1.009-1.075; p = 0.016) were
the independent predictors of HT which were used to generate nomogram. The
nomogram showed good discrimination due to AUC-ROC values. Calibration
plot showed good calibration. DCA showed that nomogram is clinically useful.

Conclusion: Nomogram consisting of NIHSS, NT-pro BNP, NLR, SBP scores
predict the risk of HT in AIS patients treated with IVT.

KEYWORDS

acute ischemic stroke, intravenous thrombolysis, hemorrhagic transformation,
nomogram, NLR

Introduction

Worldwide, neurological disorders are the leading cause of disability and the second
leading cause of death, with stroke being the largest cause (1). With the rapid development of
interventional techniques and materials in recent years, endovascular intervention has become
a primary treatment for acute ischemic stroke, but even so, intravenous thrombolysis (IVT) is
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now the important and effective treatment for patients within the
4.5-h time window (2, 3). Within 24 h of IVT, a subset of patients may
experience a worsening of neurological deficits, which has been
described as early neurological deterioration (4), which has been
reported to be associated with poor outcomes (5). One of the higher
risks of intravenous thrombolysis is hemorrhagic conversion (6). As
the risk of hemorrhagic conversion increases, the clinical lethality and
disability rates also increase (7). Therefore, it is necessary to develop a
predictive model to determine the risk of hemorrhagic conversion
after intravenous thrombolysis in patients with AIS.

Currently, nomograms are used as a predictive tool to personalize,
visualize and accurately determine such risk. Based on this, the
present study aimed to create a nomogram to predict the probability
of HT after IVT in Chinese stroke patients.

Methods
Study design and data sources

In this study, we consecutively recruited patients diagnosed with
AIS from October 2018 to October 2022 in Gansu Provincial People’s
Hospital. Included patients met the following criteria: (1)
age > 18years; (2) diagnosis of acute ischemic stroke; (3) time to
treatment initiation <4.5h; and (4) patients receiving intravenous
thrombolysis with rt-PA. Patients who met the following criteria were
excluded: (1) intra-arterial thrombolysis or endovascular thrombolysis
after intravenous thrombolysis; (2) those diagnosed with intracranial
hemorrhage, including subarachnoid hemorrhage, parenchymal
hemorrhage, intraventricular hemorrhage, epidural hemorrhage and
so on; (3) incomplete clinical data. The study was approved by the
Ethics Committee of Gansu Provincial People’s Hospital (Approval
No. 2023-350), Written informed consent was waived due to the
retrospective nature of this study. All procedures performed in the
study complied with the 1964 Declaration of Helsinki and its
subsequent amendments or similar ethical standards.

Baseline data collection

Demographic characteristics, medical history, and clinical and
laboratory data were obtained at admission. Stroke severity was
assessed by National Institutes of Health Stroke Scale (NIHSS) score.
Laboratory data included baseline blood glucose, systolic blood
pressure (SBP), diastolic blood pressure (DBP), neutrophil-to-
lymphocyte ratio (NLR), (HDL),
low-density lipoproteins (LDL), triglycerides (TG), N-terminal

high-density lipoproteins

pro-brain natriuretic peptide (NT-pro BNP), and total cholesterol
(TC), et al. The NLR values were calculated as neutrophil count/
lymphocyte count.

Definition of hemorrhagic transformation

Hemorrhagic transformation (HT) was defined as any type of
intracranial hemorrhage detected by follow-up CT or MRI within
22-36h after intravenous thrombolysis, according to the criteria of the
European Cooperative Acute Stroke Study II (8). All images were
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judged by two experienced neurologists without knowledge of the
clinical data and final diagnosis.

Statistical analysis

Statistical analyses Descriptive analyses were as follows:
Continuous variables were expressed as having mean *standard
deviation or median (interquartile range); Categorical variables are
described as numbers with percentages. Differences between groups
with and without HT were investigated using Mann-Whitney U tests
or t tests for appropriate continuous variables. Where appropriate,
differences between the two groups of categorical variables were
analyzed by Fisher’s exact test or y test.

To construct nomograms, we used multivariate logistic
regression analyses to identify independent factors for HT, and all
variables with p values <0.05 in univariate analyses were included.
Variables with p values <0.05 in multivariate logistic regression
were entered to generate predictive models. Regression
coefficients and 95% confidence intervals (CI) for each variable
in the model were calculated for the odds ratio (OR). The
regression coefficients for each variable in the model were used to
calculate the corresponding scores in the scale and ultimately to
obtain the scoring system. The discriminative power of the
Nomogram was assessed by calculating the area under the receiver
operating characteristic curve (AUC-ROC). The calibration of the
prediction model describing the agreement between observed and
predicted probabilities based on nomograms was tested using
1,000 resampled calibration plots. All statistical analyses were
performed using statistical methods Software SPSS version 26.0
(IBM, New York, NY) and R version 4.3 (R Foundation, Vienna,
Austria).

Results

Patients a total of 243 patients with ischemic stroke were treated
with IVT. Patients who underwent intra-arterial thrombolysis (n=7)
or endovascular thrombectomy (n=29) and those who lacked
complete data (n=10) were excluded. As shown in Table 1, 24 (11%)
of the baseline profile characteristics were post-thrombolytic
HT. Table 2 univariate logistic analysis showing NIHSS score, NLR,
SBP, and NT-pro BNP (p <0.05). After multivariate logistic analysis,
NIHSS score, NLR, SBP, and NT-pro BNP were shown to
be independent predictors of HT after intravenous thrombolysis in
patients with ischemic stroke.

A nomogram of the HT predictive model was created based on
these risk factors. The score for each independent predictor is the
score corresponding to the upper scale, and the total score for each
subject is the sum of the scores for each independent predictor. The
total number of points corresponding to the HT risk axis is the risk of
HT. The higher the total score, the higher the risk of HT. Internal
validation of the Nomogram was performed by repeated sampling
1,000 times using the Bootstrap method.

The model was created by combining the independent
predictor values as described above and shown as a nomogram in
Figure 1. The score for each predictor in the Nomo plot is
determined by drawing a vertical line between the predictor fold
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TABLE 1 Baseline characteristics of AlS patients with IVT.
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Variable With HT (n = 24) Without HT (n =173) Overall (n=197)

Demographics

Age, years 69.83+11.82 67.86+£12.28 68.10+£12.21 0.459
Male, n (%) 17 (70.8) 117 (67.6) 134 (68.0) 0.753
Medical history, n (%)

Hypertension 16 (66.7) 112 (64.7) 128 (65.0) 0.853
Diabetes mellitus 6 (25.0) 36 (20.8) 42 (21.3) 0.639
Coronary heart disease 5(20.8) 30(17.3) 35(17.8) 0.675
Smoking 7(29.2) 43 (24.9) 50 (25.4) 0.649
Drinking 6(25.0) 30(17.3) 36 (18.3) 0.363
Previous stroke 5(20.8) 29 (16.8) 34(17.3) 0.621
Clinical data

SBP, mmHg 164.88 £22.94 151.35+19.51 152.99+20.38 0.002
DBP, mmHg 89.50+22.49 87.72+17.44 87.93+18.08 0.652
NIHSS, score 10.50 [7.00, 15.25] 6.00 [5.00, 8.00] 7.00 [5.00, 9.00] <0.001
Time from onset to treatment,

min 144.50 [112.50, 215.25] 171.00 [136.00, 211.00] 170.00 [125.00, 212.00] 0.651
Laboratory data

Glucose, mmol/L 7.70+2.24 7.17+2.27 7.23+2.26 0.286
NEUT, % 69.83+11.55 67.90+£13.99 68.13+£13.70 0.519
NLR 4.86 [3.40, 6.03] 3.07 [2.39, 3.64] 3.21[2.45,3.92] <0.001
Platelet, 10A9/L 172.50 [142.75, 211.25] 192.00 [160.00, 230.00] 191.00 [159.00, 229.00] 0.168
PT,s 13.78 [12.63, 15.12] 12.90 [10.89, 15.19] 13.12 [11.14, 15.19] 0.118
APTT, s 27.91 [24.41, 31.13] 29.04 [25.58, 31.81] 28.84 [25.50, 31.81] 0.384
INR 0.98 [0.90, 1.03] 0.98 [0.92, 1.04] 0.98 [0.92, 1.04] 0.574
TG, mmol/L 1.91+£0.70 1.79+0.72 1.81+0.71 0.443
TC, mmol/L 338 [2.01, 4.94] 3.60 [2.52, 4.50] 3.60 [2.34, 4.51] 0.756
HDL, mmol/L 1.40 [0.97, 2.19] 1.77 [1.24, 2.24] 1.72 [1.20, 2.24] 0.383
LDL, mmol/L 3.09 [2.57, 3.79] 3.10 [2.42, 3.90] 3.10 [2.43, 3.89] 0.598
NT-pro BNP 302.67+127.53 205.39+100.24 217.25+108.37 <0.001

AIS, acute ischemic stroke; IVT, intravenous thrombolysis; HT, Hemorrhagic transformation; SBP, systolic blood pressure; DBP, diastolic blood pressure; NTHSS, National Institutes of Health

Stroke Scale; NEUT, Neutrophilic granulocyte percentage; NLR, neutrophil-to-lymphocyte ratio; PT, prothrombin time; APTT, activated partial thromboplastin time; INR, International
normalized ratio; TG, triglyceride; TC, total cholesterol; HDL, High-density lipoprotein; LDL, low-density lipoprotein; NT-pro BNP, the N-terminal of the prohormone brain natriuretic

peptide.

and the preliminary score line. The total score is calculated by
totaling the scores for each predictor, and the corresponding HT
prediction probabilities are obtained by drawing a vertical line
between the total score and the probability line. The AUC-ROC
for the prediction model was (Figure 2). In addition, the
calibration curves of the nomograms for the likelihood of HT in
patients showed good agreement (Figure 3), predicting the model
HT probability. The calibration curves are shown in Figure 3. The
calibration curves used to estimate HT showed no significant
deviation from perfect match and good agreement between
predicted and actual results. The analysis of the decision curve
(DCA) (Figure 4) showed that clinical decision making based on
the predictive model was beneficial and implied the practical
clinical application and operability of the predictive model.
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Discussion

In this study, we found that NIHSS score, NLR, SBP, and NT-pro
BNP were independent predictors of HT. Based on these four
independent factors, we constructed a predictive nomogram. This
model can help us to predict the probability of HT in acute ischemic
stroke patients treated with IVT. The developed nomogram showed
good discrimination and calibration. In addition, DCA results showed
that the developed nomogram had a significant net benefit in
predicting the risk of cerebral hemorrhage.

Firstly, similar to previous studies, the higher the
pre-treatment NIHSS score, the greater the risk of HT (9, 10).
One article showed a 1.6-fold increased risk of HT in patients
with acute cerebral infarction with an NIHSS score of 7-12 and
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TABLE 2 Univariable and multivariable analyses of HT in AlS patients with intravenous thrombolysis.

10.3389/fneur.2024.1361035

Variable Crude OR (95%Cl) Uni -p value Adj OR (95%Cl) multi-p value
Age 1.014 [0.979, 1.052] 0.457

Male 1.162 [0.472, 3.152] 0.753

Hypertension 1.089 [0.452, 2.820] 0.853

Diabetes mellitus 1.269 [0.434, 3.276] 0.639

Coronary heart disease 1.254 [0.392, 3.409] 0.675

Smoking 1.245 [0.456, 3.099] 0.65

Drinking 1.589 [0.540, 4.153] 0.366

Previous stroke 1.307 [0.408, 3.560] 0.622

SBP 1.035 [1.012, 1.060] 0.003 1.039 [1.009, 1.075] 0.016
DBP 1.006 [0.982, 1.030] 0.65

NIHSS 1.335 [1.194, 1.519] <0.001 1.362 [1.161, 1.652] 0.001
Time from onset to treatment 0.998 [0.991, 1.006] 0.674

GLU 1.099 [0.915, 1.301] 0.287

NEUT 1.011 [0.979, 1.044] 0.517

NLR 2.712 [1.889, 4.107] <0.001 3.430 [2.082, 6.262] <0.001
PLT 0.994 [0.986, 1.002] 0.146

PT 1.125 [0.980, 1.303] 0.104

APTT 0.961 [0.876, 1.050] 0.381

INR 0.204 [0.001, 29.445] 0.531

TG 1.266 [0.694, 2.318] 0.441

TC 0.949 [0.701, 1.279] 0.733

HDL 0.760 [0.405, 1.390] 0.379

LDL 1.143 [0.749, 1.763] 0.537

NT-pro BNP 1.008 [1.004, 1.013] <0.001 1.012 [1.004, 1.020] 0.003

AIS, acute ischemic stroke; IVT, intravenous thrombolysis; HT, Hemorrhagic transformation; CI, confidence interval; OR, odds ratio; SBP, systolic blood pressure; DBP, diastolic blood
pressure; NIHSS, National Institutes of Health Stroke Scale; NEUT, Neutrophilic granulocyte percentage; NLR, neutrophil-to-lymphocyte ratio; PT, prothrombin time; APTT, activated partial
thromboplastin time; INR, International normalized ratio; TG, triglyceride; TC, total cholesterol; HDL, High-density lipoprotein; LDL, low-density lipoprotein; NT-pro BNP, the N-terminal of

the prohormone brain natriuretic peptide.

a 2.22-fold increased risk of HT in patients with a baseline NIHSS
score of >13 (11). In this study, it was shown that patients with
high NIHSS scores also had a higher risk of HT. This is because
the higher the NIHSS score, the larger the area of cerebral
infarction and oedema in the patient, the higher the risk of HT
(12, 13). The above previous studies have shown that high NIHSS
score is closely associated with hemorrhagic transformation,
which is consistent with the findings of the current study.

NLR is easily accessible in the clinic and reproduces new
biomarkers of inflammation (14). It plays a crucial role in HT due to
the inflammatory response of migrating inflammatory cells leading to
disruption of blood-brain barrier integrity (15). Neutrophils can
increase the permeability of the blood-brain barrier by releasing,
among other things, associated cytokines, whereas activation of
lymphocytes can reduce blood-brain barrier disruption. Due to the
balance between neutrophils and lymphocytes, NLR is considered a
biomarker of systemic inflammation. High NLR (>4.255) on
admission has been reported to increase the risk of HT in patients
with AIS after IVT (16). A clinical study by Guo et al. reported that
the dynamics of HT were associated with IVT in patients with acute

Frontiers in Neurology

ischemic stroke (17). The underlying mechanism by which NLR
increases the risk of cerebral hemorrhage in patients with AIS treated
with IVT has not been elucidated. A plausible explanation may be that
NLR influences outcome as it is associated with inflammatory
destruction of neutrophils and reduced lymphocyte protection (18).

Hypertension was found to be a risk factor for hemorrhagic
transformation after intravenous thrombolysis. Similar results were
obtained by He et al. who suggested that increased SBP mediates
brain-blood barrier damage and upregulation of aquaporin Protein-4
via oxidative stress, leading to an increased risk of neurological
deterioration (19). Meanwhile, hypertension impairs collateral
circulation, reduces the ability of brain tissue to maintain adequate
oxygenation during cerebral artery occlusion, and promotes the
accumulation of reactive oxygen species and the release of
inflammatory factors, leading to further damage to the blood-brain
barrier, which in turn leads to hemorrhagic transformation after
thrombolysis (20).

There is still some controversy about whether a history of
previous hypertension serves as a risk factor for hemorrhagic
transformation (21, 22), which is because chronic hypertension
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FIGURE 1

patients with acute ischemic stroke.

Nomogram for predicting HT after IVT. A line graph consisting of the SBP, NIHSS, NLR, NT-pro BNP. A vertical line was drawn from the axis
corresponding to each predictor until the top line labeled “points” was reached totaling the number of points for all predictors, and then a line was
drawn down the axis labeled “total points” until it intersected the risk of intracranial hemorrhagic transformation after intravenous thrombolysis in
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Receiver operating characteristic (ROC) curve of the nomogram for
predicting the risk of HT after IVT.

leads to increased permeability of the blood-brain barrier, impaired
reperfusion of blood flow, and damage to the inner wall of blood
vessels leading to blood leakage, secondary to hemorrhagic

Frontiers in Neurology

05

WA T T T

T n T T (L T

T

0.8

0.4

Observed Probability

- Ideal
Agparent
Bias-corrected

0.2

0.0

T T T T T T
0.0 0.2 04 0.6 0.8

Predicted Probability

FIGURE 3
Calibration plot for predicting HT after IVT.

transformation. And the history of hypertension was not found to
affect HT during the study of this paper, which needs to
be supported by subsequent studies.
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Another major finding of this paper is the correlation between
elevated levels of NT-pro BNP and hemorrhagic conversion in stroke
patients treated with intravenous thrombolysis. NT-pro BNP is
released from ventricular myocardium with stretching (23). Several
studies have also shown that the brain secretes NT-pro BNP and that
the concentration of NT-pro BNP in the cerebrospinal fluid may
be greatly increased after brain injury (24, 25). Hemorrhagic
transformation is a major complication in stroke patients treated with
intravenous thrombolysis. The association between elevated NT-pro
BNP levels and cerebral hemorrhage has been demonstrated It has
been demonstrated (26) that elevated NT-pro BNP levels are
associated with increased hematoma volume and a poor prognosis
(27, 28). Our findings suggest that NT-pro BNP levels are
independently associated with hemorrhagic hypertension in stroke
patients thrombolytic
transformation. Another potential reason for elevated NT-pro BNP

receiving  intravenous therapy for
levels in hemorrhagic transformation may be that hemorrhagic
transformation exacerbates ischemic stroke-induced neurological
damage (29), and may also exacerbate stroke-induced cardiac
dysfunction in the same way (30, 31). However, whether thrombolytic
therapy affects NT-pro BNP levels remains unclear. Future studies are
needed to further elucidate the mechanism of elevated NT-pro BNP

levels in stroke patients receiving intravenous thrombolytic therapy.

Frontiers in Neurology

Conclusion

Our study presents a novel and practical nomogram of NIHSS,
NT-pro BNP, NLR, SBP that can well predict the probability of HT
after intravenous thrombolysis in ischemic stroke patients. The
qualitative and discriminative properties of the graph were
verified in an internal validation. The graph can be used to predict
the probability of HT after IVT and to help clinicians assess
whether to continue IVT in patients at high risk for HT. However,
further studies are needed to confirm the validity of
the nomogram.

Strengths and limitations

The strengths of our study are as follows: The prognostic factors
included in the nomogram can be easily and quickly obtained at the
time of admission. Still, there are some limitations to our study. First
of all, the sample size of this study is small, and there is a certain
degree of selectivity bias. Second, our data came from a single-center
retrospective analysis, which may limit the statistical power of the
results. Finally, our model has not yet been validated in an
external queue.
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