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Background and Aims: A reliable predictive score system to identify the risk of sympto-
matic intracranial hemorrhage (sICH) after intravenous thrombolysis (IVT) in acute ischemic
stroke patients is of great essence. We aimed to develop a nomogram for predicting the risk
of sICH after IVT in Chinese patients.

Methods: We recruited acute ischemic stroke patients who were treated with IVT from five
advanced stroke centers in China from April 2014 to November 2020. sICH was diagnosed
according to the European Cooperative Acute Stroke Study II (ECASS-II) definition.
Multivariable logistic regression was performed to construct the best-fit nomogram. The
discrimination and calibration of the nomogram were evaluated by the area under the
receiver operating characteristic curve (AUC-ROC) and calibration plot.

Results: A total of 1200 patients were enrolled, of whom 66 (5.5%) developed sICH. In the
multivariate logistic regression model, atrial fibrillation (odds ratio [OR] 3.25; 95% con-
fidence interval [CI], 1.89-5.60; P < 0.001), baseline glucose level (OR, 1.13; 95% CI, 1.07
—1.20; P < 0.001), neutrophil to lymphocyte ratio (OR, 1.05; 95% CI, 1.01-1.09; P = 0.024)
and baseline National Institute of Health Stroke Scale (NIHSS) (OR, 1.07; 95% CI, 1.04
—1.10; P < 0.001) were independent predictors for sICH and were used to generate the
nomogram. The nomogram demonstrated good discrimination as the AUC-ROC value was
0.788 (95% CI, 0.737-0.840). The calibration plot revealed good calibration.

Conclusion: The nomogram consisted of atrial fibrillation, baseline glucose level, neutro-
phil to lymphocyte ratio, and NIHSS score may predict the risk of sICH in Chinese acute
ischemic stroke patients treated with IVT.
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Introduction
Although endovascular treatment has been a promising treatment for acute ischemic
stroke in recent years, intravenous thrombolysis (IVT) now still be a preferred and
effective treatment for patients within the time window of 4.5 hours.' Symptomatic
intracranial hemorrhage (sICH) is a rare but dangerous complication for IVT and
limits its widespread use.” Due to different study populations and sICH definitions,
the sICH rate ranges from 2.0% to 7.0%.> Compared with other race/ethnic groups,
the Asian population might take a higher risk for sICH.*

Since sICH is significantly associated with poor outcomes, a reliable prognostic
model to identify patients with increased risk of sSICH after IVT is essential. There

Received: 19 May 2021
Accepted: 24 June 2021
Published: 6 July 2021

Neuropsychiatric Disease and Treatment 2021:17 2183-2190 2183
© 2021 Guo et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-1254-1261
http://orcid.org/0000-0002-6454-9495
mailto:xfliu2@vip.163.com
mailto:xjz2021@sina.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Guo et al

Dove

have been several prognostic score systems to predict the
risk of sICH after IVT.>""! However, these score systems
usually convert continuous variables such as age, blood
glucose, NIHSS score to categorical variables, which
might lead to loss of information because these factors
are strong predictors of sICH after IVT.

Nomogram is a graphical statistical tool that uses
a continuous score to calculate the probability of
a clinical event for an individual patient and has been
widely used in modern individualized medical decision-
12715 The STARTING-SICH nomogram was

designed for prediction of sICH in stroke patients treated

making.

with IVT.'® However, this nomogram was derived from
European-American ancestry. Therefore, it is necessary to
develop a novel nomogram in the Asian population. Based
on a multicenter database derived from 5 stroke centers,
the present study aimed to develop a nomogram to predict
the probability of sICH after IVT in Chinese stroke
patients.

Methods
Study Population

The study was a retrospective cohort analysis based on
prospectively collected data from five advanced stroke
China April 2014
November 2020 (including Jinling Hospital, Changsha
Affiliated Hospital
University, Wuxi People’s Hospital, and Nanjing Brain

centers  in between and

Central Hospital, of Yangzhou
Hospital). Inclusion criteria: 1) age >18 years; 2) diag-
nosed with acute ischemic stroke; 3) treated with IVT.
Patients treated with endovascular treatment after IVT,
patients with severe inflammatory diseases, and those
with incomplete clinical data were excluded from the
analysis. This study was approved by the ethics committee
of Jinling Hospital and each participating center. Due to its
retrospective nature; patient consent was waived. All pro-
cedures performed in studies were under the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards. Patient data was confidentiality maintained in
Jingling Hospital and each participating center.

Baseline Data Collection

Demographic characteristics, medical history, clinical data
were obtained at admission. Stroke severity was evaluated
by the National Institutes of Health Stroke Scale (NIHSS)
score. Laboratory data including baseline blood glucose,

neutrophil-to-lymphocyte ratio (NLR), platelet, total

cholesterol, triglyceride, low-density lipoprotein and high-
density lipoprotein were also recorded. NLR value was
computed as neutrophil counts/lymphocyte counts.

Definition of sICH

All patients enrolled in the study underwent a CT scan
within 24 hours after IVT and performed another CT
whenever neurological deterioration appears. The sICH
was diagnosed based on the European Cooperative Acute
Stroke Study II (ECASS-II) definition: any type of intra-
cerebral hemorrhage on post-thrombolysis imaging and
increase of >4 NIHSS points from baseline, or the lowest
score within 7 days, or leading to death.'” All image data
were independently reviewed by two neurologists to assess
the presence of sICH. In case of disagreement, final results
were sought by consensus discussed with a third
neurologist.

Statistical Analysis

Descriptive analysis was conducted as follows: continuous
variables were presented as medians with interquartile
ranges (IQRs) or mean + standard deviation (SD); catego-
rical variables were described as numbers with percen-
tages. Differences between the groups with and without
sICH were explored using the Mann—Whitney U-test or
t-student test for continuous variables as appropriate.
Differences between the two groups for categorical vari-
ables were analyzed by Fisher exact test or y° test, when
appropriate. To construct the nomogram, we implemented
a multivariate logistic regression analysis using the for-
ward stepwise method to determine independent factors of
sICH, all variables with P value < 0.1 in the univariate
analysis were included. Variables with P value < 0.05 in
the multivariate logistic regression were entered to gener-
ate the predictive model. Regression coefficient and odds
ratios (OR) with 95% confidence intervals (CI) for each
variable included in the model were calculated. The
regression coefficient of each variable in the model was
used to compute corresponding points in the scale and,
eventually, obtaining the scoring system. The discrimina-
tive ability of the novel nomogram was assessed by calcu-
lating the area under the receiver-operating characteristic
curve (AUC-ROC). Calibration of the predictive model
that described the concordance between the observed and
predicted probability based on the nomogram was tested
using a calibration plot with bootstraps of 1000 resamples.
All statistical analyses were performed using statistical
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software SPSS version 22.0 (IBM, New York, NY) and
R version 3.0 (R Foundation, Vienna, Austria).

Results

The flow chart of patient inclusion and exclusion is pre-
sented in Figure 1. There were 1200 acute ischemic stroke
patients treated with IVT finally included in the present
study to construct the nomogram. The clinical character-
istics of patients are presented in Table 1. The mean age of
the total group was 66.9 years, and 63.0% were male.
According to the ECASS II definition, 66 patients (5.5%)
were classified as sSICH after IVT. Compared with patients
without sICH, sICH patients were older (mean, 72.2 ver-
sus 66.6 years; P < (0.001), more prone to have a history of
atrial fibrillation (47.0% versus 16.6%; P < 0.001), and
had higher baseline blood glucose (mean, 9.8 versus 7.9
mmol/L, P < 0.001), NLR (median, 3.50 versus 2.74; P =
0.002), and baseline NIHSS (median, 15 versus 7; P <
0.001), and had lower platelet (mean, 178.0 versus 198.4
10°/L; P = 0.007) (Table 1).

The results of the multivariate logistic regression
model are shown in Table 2. Using the forward stepwise
method, the following 4 variables were independent risk
factors of sICH: atrial fibrillation (OR 3.25; 95% CI, 1.89
—5.60; P <0.001), baseline glucose level (OR, 1.13; 95%
CI, 1.07-1.20; P < 0.001), NLR (OR, 1.05; 95% CI, 1.01
—1.09; P = 0.024) and baseline NIHSS (OR, 1.07; 95%
CI, 1.04-1.10; P < 0.001). Using the predictors (atrial
fibrillation, NLR, baseline
NIHSS) in the multivariable model, we constructed the

baseline glucose level,
nomogram to predict sICH risk. The nomogram was
created by assigning a graphic preliminary score to each
of the four predictors with a point ranging from 0—100,
and then summed up all the points of each predictor to

Total number of patients treated with intravenous thrombolysis: n = 1429

229 patients were excluded:

1) Briding treatment (n = 183)

2) Incomplete data (n = 38)

3) Stroke mimic (n=2)

4) Death soon after thrombolysis began (n= 1)
5) Severe inflammatory diseases (n = 5)

Acute ischemic stroke treated with intravenous thrombolysis included in the study
n=1200

e

‘ sICH (n= 66) ‘ non-sICH (n=1134) ‘

Figure | Flow chart of patients included in the study.
Abbreviation: sICH, symptomatic intracranial hemorrhage.

obtain the total into

a percentage representing an individual probability of

point, eventually converted
sICH after IVT. The detailed nomogram is shown in
Figure 2. For example, a patient with atrial fibrillation,
blood glucose at 20 mmol/L, baseline NIHSS at 20
points, NLR at 10 would have a total of 125 points (27
points for atrial fibrillation, 57 points for blood glucose,
30 points for baseline NIHSS, and 11 points for NLR).
The predicted sICH risk after IVT was approximately
52.0% for this patient.

We calculated the AUC-ROC value to investigate the
discriminative ability of the nomogram, which was 0.788
(95% CI, 0.737-0.840) (Figure 3). The calibration plot
revealed good predictive accuracy between the actual
probability and predicted probability (Figure 4).

Discussion

In this study, we found that the presence of atrial fibrilla-
tion, baseline glucose level, NLR, and NIHSS score were
independent predictors for sICH after IVT. Based on the
four independent factors, we constructed a nomogram to
individually predict the probability of sICH for acute
ischemic stroke patients treated with IVT in the Chinese
population.

We found that 66 patients (5.5%) experienced sICH
after IVT in the present study. Raymond C.S. Seet
reviewed the incidence of sICH following IVT for acute
ischemic stroke, including randomized controlled trials,
registry studies, and cohort studies, and found the mean
sICH rates for these studies were 7.5%, 3.5%, and 5.9%,
respectively, and the mean overall incidence of sICH was
5.6%.> The difference in rates of sICH among studies
might be owing to the different definitions of sICH and
study populations. Prior studies show that the ECASS-II
criteria may have the highest interrater agreement and are
strongly correlated with poor outcome at 3 months.>'® The
sICH incidence in our study was a little higher than that
reported in the STARTING-SICH cohort (3.6%), which
was conducted in the European-American ancestry'®
because the Asian population may have a higher risk of
sICH than other race/ethnic groups.”

Consistent with prior studies, our study found that atrial
fibrillation was associated with sICH after IVT. Hu et al
carried out a meta-analysis about the safety of IVT for
acute ischemic stroke with atrial fibrillation and found that
the incidence of sICH in atrial fibrillation patients was higher
than that in non-atrial fibrillation patients (6.4% vs 4.1%; P <
0.001)." The following points might explain the reason that
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Table | Comparison of Demographics and Clinical Data in Patients with or without sICH

Variable with sICH without sICH P value
n =66 n=1134

Demographics
Age, years 722+ 11.8 66.6 + 12.5 < 0.001
Male, n (%) 37 (56.1) 719 (63.4) 0.23
Weight, kg 63.4 £ 13.7 645+ 11.7 0.224

Medical history, n (%)
Hypertension 47 (71.2) 796 (70.2) 0.86
Diabetes mellitus 14 (21.2) 275 (24.3) 0.575
Hyperlipidemia I (1.5) 57 (5.0) 0.196
Atrial fibrillation 31 (47.0) 188(16.6) <0.001
Smoking 21 (31.8) 381 (33.6) 0.766
Coronary heart disease 16 (24.2) 208 (18.3) 0.232
Previous stroke 13 (19.7) 224 (19.8) 0.991

Clinical data
Systolic blood pressure, mmHg 161.4 +29.8 155.3 + 264 0.063
Diastolic blood pressure, mmHg 914+ 173 87.1 + 153 0.056
Time from onset to treatment, min 174 (128, 219) 165 (126, 209) 0.295
Baseline NIHSS, score 15 (11, 21) 74, 13) <0.001

Laboratory data
Platelet, 10°/L 178.0 £ 51.4 198.4 £ 63.5 0.007
Total cholesterol, mmol/L 3417 35+ 1.8 0.853
Triglyceride, mmol/L 1.24 (0.91, 3.44) 1.8 (1.12, 4.04) 0.105
Low density lipoprotein, mmol/L 1.94 (0.77, 2.73) 2.1 (0.62, 2.84) 0.927
High-density lipoprotein, mmol/L 1.6 +0.8 1.5+0.8 0.153
Baseline blood glucose, mmol/L 9.8 +3.2 79 +34 <0.001
NLR 3.50 (2.18, 7.43) 2.74 (1.80, 4.46) 0.002

Abbreviations: sICH, symptomatic intracranial hemorrhage; NIHSS, National Institute of Health Stroke Scale; NLR, neutrophil-to-lymphocyte ratio.

atrial fibrillation patients have a higher risk of sICH after
IVT: First, atrial fibrillation patients are more likely to have
old and organized thrombi, which are often insensitive to
IVT, leading to the time extension of recanalization, and
increase the risk of bleeding.*® Second, patients with atrial
fibrillation usually have poor collateral circulation, severe
intracranial hypoperfusion, and large infarct sizes, thus
increase the reperfusion hemorrhage risk.>' Third,
a subgroup of atrial fibrillation patients take anticoagulant
drugs before IVT, and it may also increase the bleeding risk.
Higher baseline glucose level is another predicted factor in
our nomogram model. Hyperglycemia can result in increased
matrix metalloproteinase-9 and a series of oxidative stress
reactions, which may disrupt the integrity of the blood brain
barrier and increase the permeability of the blood brain
barrier, leading to the development of sICH.** Baseline
NIHSS score, which reflects the severity of the stroke, has
been confirmed as the risk factor for sICH following

IVT.>?#2* Our nomogram model indicated that patients
with higher baseline NIHSS score might have an increased
risk of sICH.

Our study also revealed that NLR was an independent
risk factor for SICH. The inflammatory response mediated
by the migration of inflammatory cells and the activation
of extracellular matrix kinase (mainly matrix metallopro-
teinases), which leading to the disruption of blood brain
barrier integrity has been proven to play a vital role in
hemorrhagic transformation.”>*® The neutrophils can
increase the permeability of the blood-brain barrier by
release related cytokines, chemokines, adhesion mole-
cules, and different proteases, while the activation of lym-
phocytes may reduce the destruction of the blood-brain
barrier. As the balance between neutrophils and lympho-
cytes, NLR is considered the biomarker for systemic
inflammation. Maestrini et al reported that NLR was the
best predictor for sSICH after IVT, and an NLR >4.8 before
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Table 2 Multivariate Regression Analysis for sICH
Variable Univariate Regression Model Multivariate Regression Model
OR (95% CI) P value Regression Coefficient OR (95% CI) P value
Age, years 1.04 (1.02—1.06) 0.001
Atrial fibrillation 4.46 (2.68-7.41) <0.001 1.18 3.25 (1.89-5.60) <0.001
Systolic blood pressure, mmHg 1.01 (0.99—-1.02) 0.073
Diastolic blood pressure, mmHg 1.02 (1.00—1.03) 0.027
Baseline NIHSS, score 1.08 (1.05—1.11) <0.001 0.064 1.07 (1.04-1.10) <0.001
Platelet, 10°/L 0.99 (0.99-1.00) 0.01
Baseline glucose (per | mmol/l increase) 1.12 (1.06—1.19) <0.001 0.123 1.13 (1.07-1.20) <0.001
NLR 1.06 (1.03—1.10) 0.001 0.047 1.05 (1.01-1.09) 0.024

Abbreviations: Cl, confidence interval; OR, odd ratio; NIHSS, National Institute of Health Stroke Scale; NLR, neutrophil-to-lymphocyte ratio; sICH, symptomatic

intracranial hemorrhage.

thrombolysis showed a 3.7-fold increased risk for sSICH.?’
A clinical study from Guo et al reported that the dynamic
change of NLR was associated with sICH after IVT in
acute ischemic stroke patients.® To our knowledge, our
study is the first predictive score system that includes NLR
as a predictor to predict the probability of sSICH after IVT.

Several predictive scoring systems have been published
for predicting sICH after IVT in acute ischemic stroke

5-11

patients” " (Table 3). However, these scores often converted

the discrete/continuous variables into a dichotomous or
multi-categorical variable, thus might lead to the loss of
the
Nomogram is a graphical calculation instrument that can

information and decrease predictive  accuracy.
assign an accurate numerical probability of a clinical event
for an individual patient, which bypasses the categorization
of continuous variables into >2 different groups.'> The
STARTING-SICH predicted model composed of 10 clinical

variables was the first nomogram model to predict the risk

Point 0 10 20 30 40 50 60 70 80 90 100
oints | I B B PRI B U U I RS RS |
A 27 M 3 57 A
es
Atrial fibrillation .
No
Glucose, mmol/L T T T T T '
0 5 1( 15 20 25 30 35
NIH I T T T T T T 1
SS 0 5110 15 20 25 30 35 40
I T T T T T T T T T T 1
NLR 0 5 15 25 35 45 55
Total Points AR AR AR B
0 20 40 60 80 100 120 140 160 180
52.0%
RiSk r T T T T T I‘ T T T 1
0.01 0.05 0.1 0.2 0.30.40.50.60.7 0.8 0.95

Figure 2 The nomogram to predict the probability of sICH in stroke patients treated with intravenous thrombolysis.
Abbreviations: sICH, symptomatic intracranial hemorrhage; NIHSS, National Institute of Health Stroke Scale; NLR, neutrophil-to-lymphocyte ratio.
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4 AUC, 0.788 (95% CI, 0.737-0.840)
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Figure 3 ROC curve of the nomogram for predicting sICH in stroke patients
treated with intravenous thrombolysis.

Abbreviations: AUC, area under the ROC curve; ROC, receiver operating char-
acteristic; sICH, symptomatic intracranial hemorrhage.

probability of SICH after IVT, and it was conducted in the
European-American ancestry.'® Considering the differences
in sICH risk between European-American and Asian popula-
tions, it is necessary to construct a nomogram to predict the
risk of sICH in Asians. As far as we know, our predictive
model is the first nomogram to predict sICH risk in Asian

populations. There were a good discriminative and

a calibration ability for our nomogram model. With this
nomogram, clinicians can easily and quickly discern patients
who are at increased risk of developing sICH that require
thrombolysis, take intensive monitoring for an individual
patient, and also help guide the expectations of patients and
their families.

The strengths of our study are as follows: the data are
derived from multiple stroke centers in China, the sample
size is relatively large, and the prognostic factors included
in the nomogram can be easily and quickly achieved at
admission. Nevertheless, there are some limitations to our
study. First, this is a retrospective analysis of multicenter
data, the accuracy of the predictive model may be influ-
enced by missing data. Second, several neuroradiologic
predictors, such as early infarction signs and hyperdense
middle cerebral artery signs were not available in the
study. Our nomogram might be suitable for those who
cannot accurately interpret the image of early infarction
signs. Third, although we tried to include study parameters
as many as possible, some major confounders which may
influence sICH were not available, such as previous antic-
oagulant use, previous antiplatelet agents use, blood coa-
gulation status on admission, blood pressure variability,
and cerebral microbleeds. Finally, further external valida-
tions in other different cohorts are still warranted.

Conclusions

In conclusion, we developed a novel nomogram predic-
tive model, which is consisted of atrial fibrillation, base-
line glucose level, NIHSS score and NLR to predict the
risk probability of sICH after IVT treatment in Chinese

O. | TT _ _ —
o e
> o .-
3 o -7
g 3
o
< ]
a3
©Cc |z Apparent
] N —— Bias—corrected
<<EJ °© - - Ideal
o _|
© I | | 1 | |
0.0 0.2 0.4 0.6 0.8 1.0

Predicted Probability

B= 1000 repetitions, boot

Mean absolute error=0.005 n=1200

Figure 4 Calibration plot of the nomogram model. Dotted line is the performance of the nomogram, while the solid line corrects for any bias in the nomogram. Dashed line

is the reference line where a nomogram would lie.
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Table 3 Description of the Representative sICH Predictive Model

Predictive Variables in the Model Definition of
Model sICH
GRASPS Age, sex, ethnicity, NIHSS, blood glucose, systolic blood pressure NINDS
HAT Diabetes mellitus /blood glucose, NIHSS, hypodensity on CT (MCA territory) NINDS
SEDAN Age, NIHSS, blood glucose, early infarct signs, hyperdense cerebral artery sign ECASS-II
SITS-SICH Age, body weight, hypertension, NIHSS, blood glucose, systolic blood pressure, onset to treatment time, SITS-MOST
aspirin alone, aspirin plus clopidogrel
THRIVE Age, NIHSS, hypertension, diabetes mellitus, and atrial fibrillation NINDS
SPAN-100 Age, NIHSS NINDS
STARTING- Age, aspirin alone, aspirin plus clopidogrel, oral anticoagulant with INR <1.7, pre-stroke modified Rankin Scale ECASS-II
SICH score >0, NIHSS, systolic blood pressure, blood glucose, onset to treatment time, hyperdense cerebral artery
sign, current infarction sign

Abbreviations: sICH, symptomatic intracranial hemorrhage; NIHSS, National Institute of Health Stroke Scale; SITS, Safe Implementation of Thrombolysis in Stroke; SITS-
MOST, Safe Implementation of Thrombolysis in Stroke-Monitoring Study; GRASPS, Glucose Race Age Sex Pressure Stroke Severity; HAT, hemorrhage after thrombolysis;
SEDAN, blood sugar, early infarct signs, hyperdense cerebral artery sign, age, NIH Stroke Scale; THRIVE, totaled health risks in vascular events; SPAN-100, stroke
prognostication using age and NIH stroke scale-100; STARTING-SICH, systolic blood pressure, age, onset-to-treatment time for thrombolysis, NIHSS score, glucose, aspirin
alone, aspirin plus clopidogrel, anticoagulant with INR <1.7, current infarction sign, hyperdense artery sign; NINDS, National Institute of Neurological Disorders and Stroke;

ECASS-II, European Cooperative Acute Stroke Study II.

acute ischemic stroke patients. Further external valida-
tion is warranted to validate the efficacy of the nomo-
gram in different populations.
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