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Abstract

Objective: To investigate the independent risk factors and potential predictors of bladder

cancer-related ischemic stroke (BCRIS).

Methods: This was a multi-center retrospective study including patients with active bladder

cancer and acute ischemic stroke without traditional stroke risk factors (BCRIS group), and sex-

and age-matched patients with active bladder cancer alone (control group). Data were collected

between January 2006 and December 2018. Uni- and multivariate analyses were performed to

identify independent risk factors for BCRIS. The predictive performance of these risk factors was

assessed using receiver operating characteristic (ROC) curves.

Results: Records were retrospectively reviewed from 60 BCRIS patients and 120 bladder cancer

controls. Univariate analysis revealed that serum D-dimer and carcinoembryonic antigen (CEA)

levels and the platelet and neutrophil counts were significantly higher in BCRIS patients compared

1Department of Neurology, The First Affiliated Hospital of

Guangxi Medical University & Guangxi Key Laboratory of

Precision Medicine in Cardio-cerebrovascular Diseases

Control and Prevention & Guangxi Clinical Research

Center for Cardio-cerebrovascular Diseases, Nanning,

Guangxi Province, China
2Department of Neurology, Guangxi Medical University

Second Affiliated Hospital, Nanning, Guangxi Province,

China
3Intensive Care Unit, Guangxi Cancer Hospital and

Guangxi Medical University Affiliated Cancer Hospital,

Nanning, Guangxi Province, China
4Department of Neurology, Guangxi Medical University

Ninth Affiliated Hospital, Beihai, Guangxi Province, China

5Department of Neurology, Fusui County People’s

Hospital, Chongzuo, Guangxi Province, China
6Department of Neurology, Wuming Hospital of Guangxi

Medical University, Nanning, Guangxi Province, China

Corresponding author:

Zhijian Liang, Department of Neurology, The First

Affiliated Hospital of Guangxi Medical University, Guangxi

Key Laboratory of Precision Medicine in Cardio-

cerebrovascular Diseases Control and Prevention, and

Guangxi Clinical Research Center for Cardio-

cerebrovascular Diseases, No. 6, Shuangyong Road,

Nanning, Guangxi, 530021, China.

Email: liangzhijian@gxmu.edu.cn

Journal of International Medical Research

48(4) 1–13

! The Author(s) 2020

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/0300060520919227

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed

as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0003-0684-3896
mailto:liangzhijian@gxmu.edu.cn
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060520919227
journals.sagepub.com/home/imr


with controls. Multivariate analysis identified the three above-mentioned variables as independent

risk factors for BCRIS. The product of all three factors gave the largest area under the ROC

curve.

Conclusions: Elevated serum D-dimer and CEA levels and increased platelet count were inde-

pendent risk factors for BCRIS, and the cut-off value based on the product of the three inde-

pendent risk factors (�2,640,745.29) could serve as a potential predictor of BCRIS.
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Introduction

Patients with active cancer have a higher

risk of stroke, and much attention has
recently been paid to cancer-related ische-

mic stroke (CRIS) because of the complex

conditions and poor prognosis.1–3 Previous
studies have shown that CRIS has various

clinical features, such as multiple lesions in

the brain, elevated serum D-dimer and
fibrinogen levels, elevated C-reactive pro-

tein, and anti-neoplastic treatments.3–6

Therefore, identifying patients with bladder

cancer who are at risk of developing ische-

mic stroke is a clinical challenge. We spec-
ulated that finding a method to predict

CRIS in cancer patients will help clinicians

develop effective strategies for CRIS pre-
vention and treatment that will hopefully

decrease the incidence and mortality rates.
Our previous studies showed that the

occurrence of CRIS was related to indepen-

dent risk factors that were derived from
serum, and the independent risk factors

for CRIS are heterogeneous because they

have different pathological types.7–9 It was
suggested that the characteristics of specific

pathological types of CRIS risk factors may

identify CRIS and may even predict its
occurrence. Bladder cancer is the tenth

most frequent cancer worldwide and the
most common urinary tract malignancy.10

Recently, it was found that compared with
the general population, the incidence of
ischemic stroke in patients with active blad-
der cancer was 1.9 times higher,11 indicating
that bladder cancer may be an etiology of
ischemic stroke, which is called bladder
cancer-related ischemic stroke (BCRIS).
As tumor treatment improves and life
expectancy becomes longer, the number of
patients with BCRIS will increase.
However, the independent risk factors of
BCRIS and when BCRIS will develop in
patients with bladder cancer remain
unknown. In the present study, we investi-
gated the independent risk factors for
BCRIS and potential predictors that were
derived from the independent risk factors
for BCRIS to predict the occurrence and
development of BCRIS in bladder cancer
patients.

Patients and methods

This protocol was approved by the Medical
Ethics Committee of the First Affiliated
Hospital of Guangxi Medical University
and it was conducted in accordance with
the Declaration of Helsinki and current eth-
ical guidelines. Other hospitals also agreed
with the decision. Informed consent was
obtained from all participants and/or their
legal guardians.
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Patient selection

All participants with a histopathological
diagnosis of bladder cancer were eligible
for the study. The BCRIS group comprised
active bladder cancer and acute ischemic
stroke patients who did not have traditional
stroke risk factors and who were treated
between January 2006 and December 2018
at six hospitals in Guangxi. Traditional
stroke risk factors were defined as follows:
(1) hypertension (systolic blood pressure
�140mmHg or diastolic blood pressure
�90mmHg or taking antihypertensive med-
ications); (2) diabetes (fasting blood glucose
level �7.0mmol/L or on antidiabetic treat-
ment); (3) hyperlipidemia (serum total cho-
lesterol >5.72mmol/L or triglycerides
>1.70mmol/L or high-density lipoprotein
<0.91mmol/L or low-density lipoprotein
>3.64mmol/L, or taking lipid-lowering
medications); and (4) smoking and alcohol
consumption, coronary artery disease, and
atrial fibrillation (history of disease, or
assessed by cardiologist based on electro-
cardiogram and transthoracic echocardiog-
raphy results at admission). We searched
the medical records of Guangxi hospitals
where we had collaborations, and we
found 23 BCRIS patients at the First
Affiliated Hospital of Guangxi Medical
University (January 2006–December
2018); six at the Second Affiliated
Hospital (May 2016–July 2018); 24 at the
Guangxi Cancer Hospital (January 2006–
December 2018); two at the Guangxi
Medical University Ninth Affiliated
Hospital (July 2014–July 2018); three at
the Fusui County People’s Hospital
(December 2014–July 2018); and two at
the Wuming Hospital of Guangxi Medical
University (June 2015–September 2018).
Age- and sex-matched control patients
had active bladder cancer but no ischemic
stroke and were admitted to the same hos-
pitals within the same period. Additionally,
the BCRIS group of patients displayed

various signs and symptoms of neurological

deficits, and diffusion-weighted imaging

(DWI) examination confirmed the presence

of acute ischemic stroke. Only patients with

contraindications for DWI underwent cra-

nial non-enhanced computed tomography

(CT). We excluded patients without acute

ischemic stroke, with traditional stroke

risk factors, who had other concomitant

cancers and metastatic brain tumors, hema-

tological cancer, cerebral hemorrhage, and

incomplete medical records (Figure 1).

Definitions

Active bladder cancer was defined as blad-

der cancer that was newly diagnosed,

treated within 6 months before the onset

of ischemic stroke, or confirmed to be

recurrent or metastatic.12 Acute ischemic

stroke was diagnosed based on the

American Heart Association criteria.13

Because it is difficult to identify BCRIS in

clinical practice, BCRIS in the present

study was defined as patients with acute

ischemic stroke and active bladder cancer

without traditional stroke risk factors,

based on the definition of cancer-related

stroke.14–16 The etiological classification of

“ischemic” is an undetermined etiology,

according to the Trial of ORG 10172 in

Acute Stroke Treatment TOAST criteria.17

The severity of neurological deficits was

evaluated using the National Institutes of

Health Stroke Scale (NIHSS), and the

prognosis was evaluated using the modified

Rankin scale (mRS) at 30 days after ische-

mic stroke. A score of 0 to 2 on mRS indi-

cates a good prognosis; 3 to 5 indicates a

poor prognosis; and 6 indicates death.

Data collection

A retrospective review of bladder cancer

patients with ischemic stroke was used to

identify clinical and laboratory results.

Clinical data were obtained for age, sex,
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traditional stroke risk factors, histological
types of bladder cancer, metastasis, thera-
peutic methods, lesion patterns in ischemic
stroke, the severity of neurological defi-
cits, time interval assessed from diagnosis
of bladder cancer until ischemic stroke,
and results of auxiliary examinations
such as cranial non-contrast CT, CT angi-
ography, magnetic resonance imaging
(MRI), DWI, electrocardiogram, echocar-
diography, and transcranial Doppler
ultrasound. Laboratory data, including
routine complete blood count tests,
blood biochemistry, prothrombin time
(PT), fibrinogen, as well as serum levels

of D-dimer, carcinoembryonic antigen

(CEA), and cancer antigens-125, -153,

and -199, were collected within 24 hours

after stroke occurrence.

Statistics

Statistical analyses were performed using

SPSS version 20.0 (IBM, Armonk, NY,

USA). Categorical variables are presented

as n (%), and continuous variables are pre-

sented as the mean� standard deviation

(SD). Inter-group differences were assessed

for significance using independent-sample

t-tests or the Mann–Whitney U-test for

6858 patients with active bladder cancer

 Patients without acute ischemic stroke (n = 5677)

 Patients with traditional stroke risk factors (n = 879)

 Primary or metastatic brain tumor (n = 85)

Hemorrhage or other cerebrovascular disease (n = 51)

 Other primary cancer or hematological cancer (n = 66)

100 active bladder cancer patients with acute ischemic stroke

Incomplete medical records (n = 40) 

60 patients with active bladder cancer-

related ischemic stroke (0.78%)

(BCRIS group: n = 60)

120 patients with active bladder cancer alone 
(age- and sex-matched with BCRIS)

Bladder cancer patients at 6 centers (n = 7739) between January 2006 and December 2018 

Figure 1. The patient database included 7739 bladder cancer patients. Based on the inclusion criteria,
60 patients with bladder cancer-related ischemic stroke (BCRIS) and 120 patients with bladder cancer alone
(control) were included.
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continuous data, or using the chi-squared

and Fisher’s exact tests for categorical

data. Uni- and multivariate binary logistic
regression was used to identify clinical var-

iables that differed significantly between

BCRIS patients and cancer controls to

identify independent BCRIS risk factors.

The area under the receiver operating char-

acteristic (ROC) curve (AUC) was used for

each factor alone and to calculate the prod-

uct of the independent risk factors as a new

variable. The optimal cut-off value was
determined by the Youden index. MedCalc

(version 10.4.8VR , Frank Schoonjans; Bvba,

Ostend, Belgium; https://www.medcalc.org)

was used to compare the AUC of each inde-

pendent risk factor and their product. The

variable with the largest AUC will be

regarded as having the best predictive abil-

ity of BCRIS, and the cut-off value of the

variable will be the predictor of BCRIS
occurrence. All tests were two-sided. A p-

value of 0.05 was considered to be statisti-

cally significant. No formal calculation of

sample size was performed because of the

characteristics of cancer-associated ischemic

stroke.

Results

Characteristics of the study population

Sixty BCRIS patients (54 men, and 6

women; mean age, 68.30� 11.37 years)

were enrolled, accounting for 0.78% of
7739 bladder cancer patients (Figure 1).

There were 120 age- and sex-matched

patients with active bladder cancer only

(i.e. no ischemic stroke) in the control

group. Urothelium carcinoma was the

most common pathological type of bladder

cancer in the BCRIS and control groups.

There were no statistically significant differ-

ences between BCRIS patients and cancer
controls for age, sex, type of bladder cancer

pathology, cancer metastasis, or proportion

of patients receiving chemoradiotherapy,

surgery, or no treatment (Table 1).

BCRIS clinical characteristics and

biomarkers

After a diagnosis of bladder cancer, an

acute ischemic stroke was experienced by

33 (55.00%) patients within the first

6 months, 15 (25.00%) patients at 7 to

12 months, and four (6.67%) patients at

>12 months. Eleven of these patients

(18.33%) presented with ischemic stroke

as the first presentation of occult bladder

cancer, which was then diagnosed during

stroke therapy. DWI lesion patterns with

involvement of multiple arterial territories

were observed in 35 BCRIS patients

(58.33%) (Figure 2, Table 1), and 37 of

60 (61.67%) had an NIHSS score of 6 to

15 (Table 1). Among the BCRIS patients,

three of 60 (5.00%) patients died within

the first 30 days. Additionally, 38

(63.33%) BCRIS patients had an mRS

score of 0 to 2 at 30 days and 19 of 60

(31.67%) BCRIS patients had an mRS

score of 4 to 5 at 30 days. The BCRIS

group showed a significantly higher ratio

of areas with multiple vessels (bilateral

anterior circulation, anterior circula-

tionþposterior circulation, cor-

texþ subcortex) compared with areas

with a single-vessel supply (Table 1).
Compared with cancer controls, BCRIS

patients had significantly higher platelet and

neutrophil counts, as well as higher D-dimer

and CEA serum levels. Other variables were

shown to have no significant differences

between the two groups. Multivariate

binary logistic regression analysis identified

the following independent risk factors of

BCRIS: elevated D-dimer level (Odds ratio

[OR] 1.002, 95% confidence interval [CI]

1.001 to 1.002, P¼<0.001), elevated CEA

Quan et al. 5
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Table 1. Clinical characteristics of patients.

Characteristic BCRIS (n¼ 60) BC (n¼ 120) P value†

Age, years 68.30� 11.37 66.83� 8.50 0.377

Sex (n, %)

Female 6 (10.00) 12 (10.0) 1.000

Male 54 (90.00) 108 (90.0)

Bladder cancer type (n, %) 0.051

Urothelium carcinoma 57 (95.0) 101 (84.2)

Other 3 (5.0) 19 (15.8)

Cancer metastasis (n, %) 0.671

Yes 11 (18.3) 19 (15.8)

No 49 (81.7) 101 (84.2)

Type of therapy (n, %) 0.121

Chemoradiotherapy 15 (25.0) 19 (15.8)

Surgery 20 (33.3) 58 (48.3)

None 25 (41.7) 43 (35.8)

Blood tests

White blood cell count (109/L) 8.01� 2.64 7.29� 2.32 0.063

Red blood cell count (1012/L) 4.12� 0.71 4.18� 0.69 0.621

Hemoglobin (g/L) 114.95� 24.78 124.91� 82.85 0.364

Platelet count (109/L) 279.26� 85.46 215.43� 56.51 <0.001

Neutrophil count (109/L) 5.91� 2.79 4.53� 2.03 <0.001

Lymphocyte count (109/L) 1.45� 0.48 1.55� 0.63 0.212

ALT (U/L) 16.12� 9.95 14.11� 7.18 0.167

AST (U/L) 17.5� 7.64 18.85� 5.37 0.225

PT (seconds) 11.56� 1.49 11.14� 1.88 0.131

INR 1.00� 0.09 0.98� 0.13 0.213

APTT (seconds) 29.36� 4.10 29.99� 6.77 0.51

Fibrinogen (g/L) 4.89� 1.80 4.47� 1.31 0.117

D-dimer (ng/mL) 1308.12� 1534.18 514.13� 431.86 <0.001

ALB (g/L) 34.50� 4.55 35.82� 4.29 0.058

CRP (mg/L) 21.27� 20.91 16.54� 24.15 0.206

CEA (ng/mL) 45.17� 59.96 17.52� 16.84 <0.001

CA125 (U/mL) 19.32� 9.68 18.28� 22.30 0.663

CA199 (U/mL) 10.08� 6.86 8.60� 10.32 0.315

CA153 (U/mL) 17.14� 23.56 11.61� 5.79 0.147

Single arterial territories (n, %) 25 (41.67) – –

Unilateral anterior circulation 17 (28.33) – –

Unilateral posterior circulation 8 (13.33) – –

Multiple arterial territories (n, %) 35 (58.33) – –

Unilateral anterior circulationþ posterior circulation 7 (11.67) – –

Bilateral anterior circulation 9 (15.00) – –

Bilateral posterior circulation 5 (8.33) – –

Bilateral anterior circulationþ posterior circulation 14 (23.33) – –

Location of infarct, n

Bilateral cortex/Subcortex 42 – –

Deep brain 29 – –

Infratentorial 19 – –

(continued)
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Table 1. Continued.

Characteristic BCRIS (n¼ 60) BC (n¼ 120) P value†

Brainstem 7 – –

Cerebellum 12 – –

Diameter of lesions (mm) (n, %)

�20 11 (18.33) – –

<20 49 (81.67) – –

NIHSS scores at the day of ischemic stroke onset (n, %)

0–5 18 (30.00) – –

6–15 37 (61.67) – –

16–25 5 (8.33) – –

Values are expressed as the mean � SD or n (%).
†Independent-sample t-test, Mann–Whitney U-test, chi-squared test, or Fisher’s exact test (two-tailed), as appropriate.

Abbreviations: BCRIS, bladder cancer-related ischemic stroke; BC, bladder cancer; PT, prothrombin time; APTT, activated

partial thromboplastin time; ALT, alanine transaminase; AST, aspartate transaminase; INR, international normalized ratio;

ALB, albumin; Cr, creatinine; UA, uric acid; CRP, C-reactive protein; CEA, carcinoembryonic antigen; CA, cancer antigen;

SD, standard deviation.

Figure 2. Presentation of multiple lesions in multiple arterial territories on diffusion-weighted magnetic
resonance imaging in a 57-year-old man with BCRIS. This patient experienced acute ischemic stroke in the
first 6 months after the bladder cancer diagnosis. Imaging shows strong signal changes in the anterior
circulation on one side and posterior circulation on both sides. Echocardiography and electrocardiography
results were normal.
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level (OR 1.032, 95% CI 1.011 to 1.054,
P¼ 0.003), and increased platelet count
(OR 1.009, 95% CI 1.002 to 1.015,
P¼ 0.007) (Table 2).

Predictive analysis of BCRIS

The AUCs obtained with D-dimer and
CEA, D-dimer and PLT, and CEA and
PLT were not significantly different. The
ROC curve of the product of the indepen-
dent risk factors showed the largest AUC of
0.885 (95% CI 0.836 to 0.935, P< 0.05),
indicating that the product of the

independent risk factors was a new variable

that was a better predictor of BCRIS occur-

rence compared with each risk factor alone

(Figure 3 and Table 3). The optimal ROC

cut-off for this new variable was

2,640,745.29, with a sensitivity of 83.3%

and specificity of 82.5%.

Discussion

Cerebrovascular disease is the second most

common complication in individuals with

tumors.18 The incidence of ischemic stroke

Table 2. Multivariate analysis to identify predictors of BCRIS in Chinese bladder cancer patients.

Factors b SE Wals Df P value OR 95% CI

D-dimer 0.002 0.000 12.745 1 <0.001 1.002 1.001–1.002

CEA 0.032 0.011 8.795 1 0.003 1.032 1.011–1.054

PLT count 0.009 0.003 7.19 1 0.007 1.009 1.002–1.015

NC 0.176 0.093 3.595 1 0.058 1.193 0.994–1.432

Constant �4.089 0.645 40.13 1 <0.001 0.017

Abbreviations: CEA, carcinoembryonic antigen; PLT, platelet; NC, neutrophil count; SE, standard error; OR, odds ratio;

CI, confidence interval; Df, degrees of freedom.

Figure 3. Receiver operating characteristic (ROC) curves obtained for D-dimer, carcinoembryonic antigen
(CEA), and platelet count (PLT) on their own and multiplied together, to predict BCRIS. The largest area
under the ROC curve of 0.885 was obtained with the three-way multiplicative product. The optimal cut-off
value was 2,640,745.29, and it was associated with a sensitivity of 83.3% and a specificity of 82.5%.
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in cancer patients was 3% within 6 months
after a cancer diagnosis, which is signifi-
cantly higher compared with the general
population (1.6%).11,19 In this study, the
incidence of BCRIS was 0.78% in 7739 hos-
pitalized patients with active bladder cancer
from six medical centers in China, indicat-
ing that BCRIS deserves more attention.
Stroke was frequently an initial manifesta-
tion by patients with cancer, and it has also
been observed by clinicians in our and other
studies.20,21 In the present study, 11
(18.33%) patients without traditional
stroke risk factors were initially diagnosed
with bladder cancer during their hospitali-
zation for acute ischemic stroke, suggesting
that BCRIS could also be the first manifes-
tation of bladder cancer. Additionally, the
peak incidence of BCRIS occurred within
the first 6 months after the bladder cancer
diagnosis, which was similar to CRIS in
other studies.11,19 Previous studies showed
that ischemic stroke would cause deteriora-
tion and poor outcome in patients with
cancer.3,22 In the present study, three (5%)

BCRIS patients died of ischemic stroke
within 30 days of the bladder cancer diag-
nosis. Therefore, predicting the occurrence
of BCRIS in patients with bladder cancer is
a clinical challenge.

Many studies have focused on the inde-
pendent risk factors for CRIS in recent
years. Some serum markers, such as elevat-
ed serum D-dimer, CA125, and fibrinogen
levels were found to be associated with
hypercoagulability and are independent
risk factors for CRIS.5,6,8 In the present
study, we found that elevated serum
D-dimer and CEA levels and an increased
PLT count were independent risk factors
for BCRIS. There is an increasing amount
of evidence for elevated serum D-dimer
levels in stroke patients with active cancer.
Several animal studies showed that cancer
cells can release extracellular vesicles into
the circulating blood, leading to an increase
in D-dimer levels and further triggering the
development of microthrombosis, which
suggests that cancer could lead to CRIS
through the hypercoagulability

Table 3. Area under ROC curves for predicting BCRIS.

Variable D-dimer CEA PLT

Product

(D-dimer�CEA� PLT)

Area 0.812 0.752 0.744 0.885

SE 0.031 0.039 0.041 0.025

P value <0.001 <0.001 <0.001 <0.001

95% CI 0.751–0.873 0.676–0.828 0.664–0.825 0.836–0.935

Sensitivity (%) 91.7 78.3 56.7 83.3

Specificity (%) 66.7 67.5 86.7 82.5

PPV 2.75 54.90 68.00 70.40

NPV 0.13 84.70 80.00 90.80

þLR 9.84 3.84 3.40 7.68

95% CI 2.30–5.04 2.28–6.47 2.3–5.04 4.17–14.12

�LR 0.45 0.52 0.40 0.33

95% CI 0.35–0.57 0.40–0.67 0.26–0.60 0.23–0.47

Diagnostic OR 22.00 7.37 8.50 23.57

95% CI 8.17–59.27 3.61–15.03 4.08–17.70 10.32–53.86

Youden index 0.5833 0.4583 0.4333 0.6583

Abbreviations: CEA, carcinoembryonic antigen; PLT, platelet count; SE, standard error; CI, confidence interval; PPV,

positive predictive value; NPV, negative predictive value; þLR, positive likelihood ratio; �LR, likelihood ratio; OR, odds

ratio.
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pathway.15,23 Previous studies showed that

elevated serum D-dimer levels were associ-

ated with hypercoagulability and CRIS.5,24

Seok et al.24 reported that the elevated D-

dimer level was linearly correlated with the

increase in microthrombus signals that were

detected by superior and Doppler ultra-

sound of the internal carotid artery in

stroke patients with active cancer; this fur-

ther confirmed the association between

hypercoagulability and CRIS. In the pre-

sent study, serum D-dimer levels notably

increased in BCRIS patients, which also

suggested that cancer-mediated hypercoa-

gulability and microthrombosis may play

a role in the development of BCRIS.
CEA is a non-specific tumor antigen, and

it is highly expressed in serum and urine in

bladder cancer patients. In the present

study, serum CEA levels were significantly

elevated in the BCRIS group compared

with the bladder cancer group. Similar

results were found in our previous stud-

ies.7,9 Increased levels of serum CA125, a

type of mucin that is secreted by the

cancer cell, were found to be related to

hypercoagulability ischemic stroke in

patients with cancer.25 Moreover, autopsy

experiments confirmed that there were

mucin components that were secreted by

cancer cells in the blood vessels, and they

were thromboembolic in patients with

cancer and ischemic stroke.11 Additionally,

the mucins secreted by carcinoma cells trig-

ger thrombosis, which was shown by

reciprocal activation of platelets and neu-

trophils.5 Thus, it is suggested that cancer

cells could lead to hypercoagulability,

which triggers thrombosis in blood vessels

and eventually leads to ischemic stroke.

Serum CEA is similar to CA125, which is

secreted by cancer cells and has similar

characteristics. In the present study, it was

suggested that elevated serum CEA levels

may occur via the above pathway and

result in BCRIS. However, the potential

mechanisms by which CEA leads to hyper-
coagulability need to be further investigated.

Platelets can trigger thrombosis in vessels
through various pathways. Cancer cells can
secrete mucins that activate platelets and
endothelial cells to trigger the development
of thrombosis.26 Additionally, carcinoma
mucins promote thrombosis through
adhesion-dependent and bidirectional signal-
ing in platelets and neutrophils.27 Cancer
directly stimulates neutrophils to release
decondensed chromatin, leading to the for-
mation of neutrophil extracellular traps
(NETs) that promote microthrombosis.23,28

Thrombus in CRIS was also shown to be
platelet-rich, which further confirmed that
cancer cell may activate platelets, trigger
thrombosis, and eventually lead to ischemic
stroke.29,30 The present study showed that
BCRIS patients had significantly higher pla-
telets counts and triggered thrombosis by
increased platelets, which played a role in
BCRIS occurrence.

The above discussion suggests that each
risk factor of BCRIS was involved in hyper-
coagulability and plays a role in BCRIS
development. However, the development
of BCRIS was more likely to result from
the combined effects of these independent
risk factors. In this study, the product of
the three independent risk factors had the
largest area under the ROC curve, and thus,
it was the best predictor of the occurrence
and development of BCRIS. This indicates
that BCRIS occurrence and development
may result from the combined effect of
independent risk factors. The optimum
cut-off value of the three independent risk
factors had good sensitivity (83.3%) and
specificity (82.5%), which suggests that the
occurrence and development of BCRIS may
be triggered when the cut-off value of the
product is over 2,640,745.29.

Because the pathogenesis of BCRIS is
unknown, there is no specific method for
its prevention and treatment. However, pre-
vious studies showed that

10 Journal of International Medical Research



hypercoagulability was closely related to
the occurrence of cerebral infarction in
cancer patients,24 and use of anticoagulant
and antiplatelet drugs may decrease the risk
of cerebral infarction in cancer patients.31

Anticoagulation and antiplatelet drugs
may also be effective for BCRIS preven-
tion. For example, in bladder cancer
patients with plasma D-dimer levels
>2.785 lg/mL,32 anticoagulants may
reduce their risk of BCRIS, and in bladder
cancer patients with a history of diabetes,
high blood pressure, or high triglycerides,
antiplatelet drugs may reduce their risk fac-
tors for BCRIS, although the most impor-
tant factors need to be confirmed in future
prospective studies with a large sample size.
Additionally, reperfusion therapies includ-
ing intravenous thrombolysis and embolec-
tomy for acute ischemic stroke patients with
active cancer seem to be safe and effec-
tive.33,34 Similarly, intravenous thromboly-
sis and thrombectomy are likely to be
appropriate for BCRIS in the acute stage,
although supporting studies have not been
conducted. However, the effect of reperfu-
sion strategies in BCRIS patients needs to
be confirmed in future studies.

Because this study was retrospective and
only collected data from active bladder
cancer patients with acute ischemic stroke
who had no traditional stroke risk factors, a
relatively smaller number of cases were
included. Clinical data collection that was
limited by in-patient treatment require-
ments have restricted more in-depth discus-
sion about the risk factors for ischemic
stroke in patients with bladder cancer,
such as sex and lacunar infarction. The pre-
vious study showed that there were differ-
ences in the distribution of risk factors,
stroke subtype, and outcomes between
men and women in the traditional stroke
population.35 Additionally, symptomatic
cerebral infarcts of the lacunar type have
peculiar characteristics with a favorable
short-term prognosis.36 Thus, our findings

need to be confirmed by future prospective

studies including all bladder cancer patients

with acute ischemic stroke with or without

traditional stroke risk factors, as well as sex

and lacunar infarction.

Conclusions

Elevated serum D-dimer and CEA levels

and increased platelet count were indepen-

dent risk factors for BCRIS, and the cut-off

value of the product of these three indepen-

dent risk factors is �2,640,745.29, which

could serve as a potential predictor of

BCRIS. This may help to predict patients

with bladder cancer who are at risk of

developing ischemic stroke.
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