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2019 Taiwan Stroke Society Guideline for Intravenous  
Thrombolysis in Acute Ischemic Stroke Patients

Chih-Hung Chen1, Han-Chieh Hsieh1, Sheng-Feng Sung2, Cheng-Yang Hsieh3,  
Po-Lin Chen4, Li-Kai Tsai5, Hung Yu Huang6, Jiann-Shing Jeng5,  

Taiwan Stroke Society Guideline Consensus Group

1Department of Neurology, National Cheng Kung University Hospital, Tainan. 
2Department of Neurology, Ditmanson Medical Foundation Chia-Yi Christian Hospital, Chia-Yi. 

3Department of Neurology, Sin-Lau Hospital, Tainan. 
4Department of Neurology, Taichung Veterans General Hospital, Taichung. 

5Stroke Center & Department of Neurology, National Taiwan University Hospital, Taipei. 
6Department of Neurology, China Medical University Hospital, Taichung.

ABSTRACT

Intravenous thrombolysis is still one of the most effective therapies for patients with acute ischemic 
stroke. Recombinant tissue-type plasminogen activator (rt-PA) has been approved for clinical use since 
2002 in Taiwan. Previously, Taiwan Stroke Society has published the guidelines of intravenous thrombolysis 
for acute ischemic stroke patients in 2008 and 2013, respectively. Enhanced effort to increase intravenous 
rt-PA treatment for acute ischemic stroke patients in Taiwan can be observed, and the rate of treatment 
reached to 4-5% in recent years. However, the indication and treatment time of intravenous thrombolysis 
have been expanded recently. To provide the evidence-based recommendations, and standardize intravenous 
thrombolysis for acute ischemic stroke, the Taiwan Stroke Society Guideline Consensus Group revised 
the guideline. The guideline contains 5 issues, including intravenous rt-PA treatment for onset to needle 
time more than 3 hours, age over 80 years, mild or rapidly improving symptoms, pre-stroke use of 
anticoagulants, and probably endovascular thrombectomy for patients with large vessel occlusion.

Keywords: acute ischemic stroke, guideline, thrombolysis, thrombectomy
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What is ESUS? Diagnosis and Management

I-Hui Lee

Division of Cerebrovascular Diseases, Neurological Institute, Taipei Veterans General Hospital.  
Institute of Brain Science, Brain Research Center, National Yang-Ming University.

ABSTRACT

Embolic stroke of undetermined source (ESUS) is an embolic subtype of cryptogenic stroke requiring 
a minimum diagnostic assessment to exclude those with incomplete assessments or other stroke etiologies. 
The diagnostic definition of ESUS includes (1) non-lacunar infarction, (2) no > 50% severe atherosclerotic 
stenosis in large arteries supplying the ischemic area, (3) no major-risk cardioembolic sources, and (4) 
no other specific causes of stroke. Potential embolic sources of ESUS include minor-risk cardiac sources, 
paradoxical embolism from veins, and non-occlusive (<50%) atherosclerotic plaques in the aortic arch or 
cervical cerebral arteries. The frequencies of ESUS range from 9 to 25% (average 17%) of ischemic stroke 
and patient characteristics include mild symptoms but high recurrent rates. Hence, the identification and 
preventive strategies of ESUS are important. The risk of stroke recurrence and death in ESUS patients 
can be stratified and predicted using CHA2DS2-VASc scores. Although antiplatelets are recommended 
for secondary prevention of ESUS, optimal treatments, including antiplatelets, anticoagulants or 
nonpharmacological interventional therapies, are based on elucidation of most possible pathophysiologies, 
i.e. turning ESUS into ESPS (embolic stroke of possible source).

Keywords: ESUS, Stroke Classification, Embolism, Anticoagulants, Antiplatelets
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Treatment for ESUS: Past, Present, and Future

Li-Kai Tsai

Stroke Center & Department of Neurology, National Taiwan University Hospital, Taipei, Taiwan.

ABSTRACT

Previous clinical trials have demonstrated that warfarin was not better than antiplatelet agents for 
secondary stroke prevention in patients with non-cardiogenic ischemic stroke, including embolic stroke 
of undetermined source (ESUS). However, anticoagulants may be effective for stroke prevention in some 
major causes of ESUS such as paroxysmal atrial fibrillation (AF), minor-risk cardioembolic source, 
paradoxical embolism, and cancer-related stroke. Notably, paroxysmal AF was detected in about 30% 
patients with cryptogenic stroke or ESUS using a long-term cardiac recorder. Therefore, two recent large 
clinical trials compared the effectiveness and safety of non-vitamin K antagonist oral anticoagulants than 
aspirin for patients with ESUS. The NAVIGATE trial showed that rivaroxaban had similar effect in stroke 
prevention but higher risk of major bleeding in comparison with aspirin. The RE-SPECT ESUS trial 
demonstrated that dabigatran and aspirin had similar risk in stroke and major bleeding. With the essentially 
negative results of both trials, the concept of ESUS might be modified to be ESPS (embolic stroke of 
possible source) in the future. Various devices for cardiac monitoring may be helpful to increase the AF 
detection rate. The results of ongoing trials comparing apixaban and aspirin in patients with both ESUS and 
atrial cardiopathy are anticipated.

Keywords: Anticoagulants, antiplatelets, embolism, ESUS, Stroke
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Beyond Aspirin: EARLY CHANCE, FASTER  
Winning POINT!

Chih-Hao Chen, Sung-Chun Tang, Li-Kai Tsai, Jiann-Shing Jeng
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ABSTRACT

In the era of reperfusion therapy, timely and proper antithrombotic agents can still protect acute 
ischemic stroke patients from early recurrent events, especially in those who are initially “too good” for 
thrombolysis or thrombectomy. Aspirin monotherapy, although commonly used, can only provide limited 
benefit for secondary prevention. More intensive antiplatelet regimens, such as short-term dual antiplatelet 
therapy, has been proved to be effective in selective patient group. The results of FASTER, CHANCE and 
POINT trials demonstrated that early administration (within 24 hours) of short-term clopidogrel and aspirin 
can prevent at least 30% recurrent stroke in patients with minor ischemic stroke (NIHSS≤3) or high risk 
transient ischemic attack, while that prolonged combination use of antiplatelet therapy beyond 21 days 
may bring up unwanted risk of hemorrhage. Other antiplatelet agents, such as dipyridamole and ticagrelor 
need to prove their clear benefits in early secondary stroke prevention. Clinicians should be aware of these 
possible therapeutic choices and tailor their management according to individual’s condition to achieve 
maximum benefit over risk.

Keywords: acute ischemic stroke, transient ischemic attack,  antithrombotic, antiplatelet
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Introduction

In 2017, stroke was the second leading cause 

of mortality among non-communicative diseases, 

causing 6.17 million deaths, about 11% globally.1 

The global lifetime stroke risk from age 25 years 

onward among both men and women is 24.9%, 

with the highest risk in East Asia, 38.8%.2 Over 

the past decades, similar with other developing 

countries, Taiwan has experienced a significant 

Secular Trends of Stroke Subtypes in Taiwan ~ National  
Taiwan University Hospital Stroke Registry, 1995~2018

Sung-Chun Tang, Li-Kai Tsai, Shin-Joe Yeh, Chih-Hao Chen,  
Hsin-Hsi Tsai, Jiann-Shing Jeng

Stroke Center & Department of Neurology, National Taiwan University Hospital, Taipei Taiwan.

ABSTRACT

Background and Purpose: Stroke registries can provide important information on risk factors, 
pathogenesis, treatment and prognosis over time. Here, we report the secular trends of stroke subtypes 
between 1995 and 2018 from a hospital-based stoke registry in Taiwan.  
Methods: The National Taiwan University Hospital (NTUH) Stroke Registry began in January 1995, 
recruiting all patients with stroke onset within 10 days of hospital arrival or stroke occurrence during 
hospitalization. The 24-year period until 2018 was divided into 1995-1999, 2000-2004, 2005-2009, 2010-
2014 and 2015-2018. We analyzed the secular changes in stroke subtypes, risk factors and etiologies.
Results: There were 27,743 patients with 31,975 admissions to NTUH for stroke during the study period. 
Of these patients, 22,803 (male, 57.9%; mean age, 64.5 ± 15.5 years) had first-ever stroke. The percentage 
of cerebral infarcts increased slightly from 70.5% in 1995-2009 to 72.9% in 2010-2018, but the percentage 
of intracerebral hemorrhage decreased (23.9% to 21.3%). In patients with cerebral infarct, cardioembolism 
significantly increased from 19.9% in 1995-1999 to 28.5% in 2015-2018, as did atrial fibrillation (from 
17.6% in 1995-1999 to 25.7% in 2015-2018, p < 0.001). The percentage of those receiving intravenous 
or intra-arterial reperfusion therapies increased significantly from 2005, reaching 12.4% in 2015-2018. 
In patients with intracerebral hemorrhage, the percentage of those with cerebral amyloid angiopathy and 
medication-related hemorrhage increased significantly (10.2% to 12.9% and 3% to 5.5%, respectively, both 
p < 0.001), but the percentage of those with hypertensive angiopathy decreased significantly (57.7% to 
50.8%, p = 0.008) over time.
Conclusions: Over 24 years, rates of cardioembolism in cerebral infarct and cerebral amyloid angiopathy in 
intracerebral hemorrhage among first-ever acute stroke patients increased.

Keywords:  intracerebral hemorrhage, ischemic stroke, secular change, stroke epidemiology, subarachnoid 
hemorrhage.
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transition in the epidemiology of stroke, especially 

after the development of acute reperfusion 

therapies, and the identification of risk factors 

and their associated treatment.3-5 Therefore, it is 

important for clinicians in Taiwan to have a general 

impression of the secular trends of distribution of 

stroke subtypes and risk factors, to enable them to 

make optimal decisions on diagnosis and therapy 

for individual patients.

A stroke data bank or stroke registry can 

record important information about the risk 

factors, pathogenesis, treatment and prognosis 

related to different types of stroke. In addition, 

a stroke registry can monitor and improve the 

quality of stroke care and can be used for a wide 

range of research studies.6-10 The National Taiwan 

University Hospital (NTUH) Stroke Registry is 

a prospective hospital-based registry initiated in 

January 1995 with a high quality of data integrity 

and scientific results.11-14 The aim of this study was 

to explore the epidemiological transition in stroke 

types, risk factors and etiologies of patients with 

first-ever strokes during the period of 1995 to 2018 

from The NTUH Stroke Registry.

Methods

The NTUH Stroke Registry is a hospital-

based registry initiated in January 1995. The 

NTUH Stroke Registry was developed to facilitate 

the study of the etiological factors, clinical course, 

prognosis and complications of stroke.11-13 All 

patients who had stroke onset within 10 days of 

hospital admission or during hospitalization were 

included. We prospectively captured all cases 

of stroke in our hospital by daily screening all 

patients receiving head computed tomography (CT) 

or with a diagnosis of stroke at the emergency 

department or during hospitalization, as well as 

screening for a diagnosis at discharge, using the 

International Classification of Diseases, Ninth 

Revision, Clinical Modification (ICD-9-CM) codes 

430 to 437, excluding 432 (subdural hemorrhage) 

and 435 (transient ischemic attack). Since 2016, 

the diagnostic screening has been updated to the 

International Statistical Classification of Disease 

and Related Health Problems, Tenth Revision, 

Clinical Modification (ICD-10-CM) codes I60 

to I68. Studies using The NTUH Stroke Registry 

have been approved by the Institutional Ethics 

Committee.

A detailed medical record, including medical 

history, stroke type, clinical course and outcome, 

was reviewed in each patient. Also included 

for each patient was the history of potential 

vascular risk factors, including hypertension, 

diabetes mellitus, hyperlipidemia, cardiac disease, 

ischemic heart disease, valvular heart disease, 

atrial fibrillation (AF), previous transient ischemic 

attack, malignancy, smoking and drinking habits 

and conditions assumed to be associated with 

stroke. Most patients received at least one brain 

CT and/or magnetic resonance imaging (MRI), 

and were classified as cerebral infarct (CI), 

intracerebral hemorrhage (ICH) or subarachnoid 

hemorrhage (SAH). Patients with CI were further 

classified into five categories in accordance with 

key clinical features: large artery atherosclerosis 

(LAA), lacunar stroke, cardioembolism, other 

determined etiologies and undetermined etiology, 

categories adopted from the Trial of Org 10172 in 

Acute Treatment (TOAST) classification system.15

Patients with traumatic ICH or primary 

subdural/epidural were excluded. The etiologies of 

ICH patients were further classified, by means of 

the SMASH-U classification method, as structural 

lesions, systemic disease-related, medication-

related, cerebral amyloid angiopathy (CAA), 
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hypertensive angiopathy (HA) or undetermined 

etiology.16, 17

Statistical analysis
We used frequencies with percentages to 

describe discrete variables, and means ± standard 

deviations (SD) or medians (interquartile range) 

to describe continuous variables. For continuous 

variables, we used the independent sample 

Student’s t-test and the Mann-Whitney U-test, 

as appropriate. Either chi-squared test or one-

way analysis of variance (ANOVA) was used 

for categorical variables. We divided the 24-year 

period into five segments of 1995-1999, 2000-

2004, 2005-2009, 2010-2014 and 2015-2018. 

A chi-square test for linear trend was used to 

calculate the changes in types of stroke, and the 

subtypes of CI and ICH across the period 1995-

2018. A logistic regression analysis was used 

to adjust for factors related to the diagnosis of 

cardioembolism of cerebral infarct, and included 

age, sex, important risk factors and the different 

periods of time in the model. A P-value <0.05 

was considered to indicate statistical significance. 

Statistical analysis was performed using SPSS 

Statistics for Windows, Version 17.0 (SPSS Inc., 

Chicago, IL).

Results

Between 1995 and 2018, there were 27,743 

patients with 31,975 admissions to NTUH for 

stroke. Of these patients, 22,803 (male, 57.9%; 

mean age, 64.5 ± 15.5 years) had first-ever stroke, 

including 16,361 with CI, 4,971 with ICH and 

1,471 with SAH. Table 1 shows the demographics 

of the overall study population and by each type of 

first-ever stroke from The NTUH Stroke Registry. 

In Table 2, there was a significant secular trend 

in age, but not gender, across the time period. 

The mean age increased from 62.9 ± 15.3 to 63.7 

± 15.6, 64.3 ± 15.7, 65.5 ± 15.5 and 65.8 ± 15.4 

years in 1995-1999, 2000-2004, 2005-2009, 2010-

2015 and 2015-2018, respectively. The percent of 

Table 1. Demographics of Study Population

All 
(n = 22803)

Cerebral infarct  
(n = 16361)

Intracerebral 
hemorrhage  
(n = 4971)

Subarachnoid 
hemorrhage  
(n = 1471)

Mean age, y 64.5 ± 15.5 66.8 ± 14.4 59.0 ± 17.1 57.1 ± 15.2
Male sex 13,210 (57.9) 9,513 (58.1) 3,140 (63.2) 557 (37.9)
Hypertension 13,974 (70.1) 11,526 (70.4) 3,718 (74.8) 730 (49.6)
Diabetes mellitus 6,868 (30.1) 5,732 (35.0) 955 (19.2) 181 (12.3)
Hyperlipidemia 7,944 (34.8) 6,629 (40.5) 1,159 (23.3) 156 (10.6)
Cardiac disease 7,343 (32.2) 6,338 (38.1) 831 (16.7) 174 (11.8)
Ischemic heart disease 3,199 (14.0) 2,702 (16.5) 411 (8.3) 86 (5.8)
Atrial fibrillation 3,983 (17.5) 3,621 (22.1) 315 (6.3) 47 (3.2)
Malignancy 3,266 (14.3) 2,441 (14.9) 709 (14.3) 116 (7.9)
Smoking habit 6,036 (26.5) 4,609 (28.2) 1,213 (24.4) 214 (14.5)
Alcohol drinking 3,349 (14.7) 2,334 (14.3) 868 (17.5) 147 (10.0)
1-month mortality 2,399 (10.5) 1,054 (6.4) 968 (19.5) 377 (25.6)

Values are mean ± standard deviation, or number (percentage).
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those who were young stroke patients (onset 45 

years) decreased significantly over the period, from 

12.6% in 1995-1999 to 11.7% in 2000-2009, 10.2% 

in 2010-2014, and 10.0% in 2015-2018. Recent 

years showed no evidence of greater occurrence 

of young stroke. In terms of stroke types, the 

percentage of CI did not change obviously between 

the first three periods encompassing 1995 to 2009 

(70.1%, 70.9% and 70.5%, respectively), but it 

then increased significantly to 74.1% in 2010-2014 

and 72.9% in 2015-2018 (p for trend <0.001). On 

the other hand, the percentage of ICH decreased 

during the study period, from 23.9% in 1995-99 to 

21.3% in 2015-2018 (p for trend <0.001).

Table 3 shows the secular trends of major risk 

factors and subtypes in first-ever CI patients. The 

age at onset and rates of hypertension, diabetes, 

atrial fibrillation and malignancy all increased 

significantly over time (all p<0.001). By contrast, 

the percentage of those with smoking, alcohol 

drinking and previous transient ischemic attack 

tended to decrease (all p<0.001). Notably, the 

percentage of hyperlipidemia seems decreased in 

early year and increased in recent years (p<0.01). 

Furthermore, the percentage of AF had the most 

significant increase among the vascular risk 

factors in CI patients, from 17.6% in 1995-1999 

to 25.7% in 2015-2018 (p for trend <0.001). 

In terms of the distribution of CI subtypes, the 

percentage of cardioembolism increased most 

significantly (19.9% to 28.5%, p<0.001) and 

that of small vessel occlusion decreased most 

significantly (32.5% to 21.7%, p<0.001) over time. 

Importantly, the trend of reperfusion therapies for 

CI patients, either by intravenous thrombolysis, 

intra-arterial thrombolysis or thrombectomy, 

increased significantly over time (p for trends, both 

<0.001), particularly since 2005 for intravenous 

thrombolysis and since 2015 for intra-arterial 

thrombolysis and thrombectomy.

Table 4 shows the logist ic regression 

model for factors determining the diagnosis of 

cardioembolism in first-ever CI patients. The 

cardioembolism diagnosis, most from AF, was 

significantly related to older age, female sex and 

ischemic heart disease. After adjustment of these 

factors, we still found a significant period effect 

of greater likelihood of cardioembolism diagnosis, 

increasing 63-70% in 2010-2018 compared to 

1995-1999.

Table 5 shows the secular trend in risk factors 

and subtypes in first-ever ICH patients. Similar 

to CI patients, over time the percentages of those 

with hypertension, diabetes and AF increased 

Table 2. Secular Trend of Age, Sex, and Stroke Types in 1st-ever Stroke Patients

1995-99  
(n = 4150)

2000-04  
(n = 4967)

2005-09  
(n = 4558)

2010-14  
(n = 4887)

2015-18 
(n = 4241) P-value

Mean age, year 62.9 ± 15.3 63.7 ± 15.6 64.3 ± 15.7 65.5 ± 15.5 65.8 ± 15.4 <0.001
Age 45 year 522 (12.6) 583 (11.7) 532 (11.7) 500 (10.2) 425 (10.0) <0.001
Male sex 2,401 (57.9) 2,837 (57.1) 2,610 (57.3) 2,895 (59.2) 2,467 (58.2) 0.221
Stroke types

Infarct 2,909 (70.1) 3,522 (70.9) 3,215 (70.5) 3,623 (74.1) 3,092 (72.9) <0.001
ICH 992 (23.9) 1,075 (21.6) 1,028 (22.6) 972 (19.9) 904 (21.3) <0.001
SAH 249 (6.0) 370 (7.4) 315 (6.9) 292 (6.0) 245 (5.8) 0.003

Values are mean ± standard deviation, or median (interquartile range), or number (percentage). 
ICH indicates intracerebral hemorrhage; SAH, subarachnoid hemorrhage.
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significantly (p for trend, all <0.001), and the 

percentages of those with hyperlipidemia, smoking 

habit and alcohol drinking decreased significantly 

(p for trend, all <0.001). Most importantly, 

regarding the etiologies, the percentages of 

CAA and of medication-related ICH increased 

significantly (10.2% to 12.9% and 3% to 5.5%, 

respectively, both p<0.001), but the percentage of 

hypertension-related ICH decreased significantly 

(57.7% to 50.8%, p=0.008) over time.

Table 3. Secular Trend of Risk Factors and Subtypes in Patients with First-ever Cerebral Infarct

1995-99 
(n = 2909)

2000-04 
(n = 3522)

2005-09 
(n = 3215)

2010-14 
(n = 3623)

2015-18 
(n = 3092)

P-value

Age, year 65.1 ± 14.1 66.5 ± 14.0 66.7 ± 14.7 67.5 ± 14.6 68.0 ± 14.4 <0.001
Male sex 1,658 (57.0) 2,025 (57.5) 1,869 (58.1) 2,136 (59.0) 1,825 (59.0) 0.386
Risk Factors

Hypertension 1,868 (64.2) 2,330 (66.2) 2,347 (73.0) 2,713 (74.9) 2,268 (73.4) <0.001
Diabetes 925 (31.8) 1,223 (34.7) 1,146 (35.6) 1,270 (35.1) 1,168 (37.8) <0.001
Hyperlipidemia 1,305 (44.9) 1,476 (41.9) 1,010 (31.4) 1,419 (39.2) 1,419 (45.9) <0.001
Ischemic heart 
disease

705 (24.2) 600 (17.0) 471 (14.7) 469 (12.9) 457 (14.8) <0.001

Atrial fibrillation 512 (17.6) 867 (18.9) 718 (22.3) 929 (25.7) 795 (25.7) <0.001
Valvular heart 
disease

162 (5.6) 128 (3.6) 95 (3.0) 101 (2.8) 126 (4.1) <0.001

Smoking habit 987 (33.9) 917 (26.0) 951 (29.6) 1,009 (27.8) 745 (24.1) <0.001
Alcohol drinking 610 (21.0) 499 (14.2) 484 (15.1) 454 (12.5) 287 (9.3) <0.001
Malignancy 368 (12.7) 507 (14.4) 421 (13.1) 558 (15.4) 587 (19.0) <0.001
Previous TIA 114 (3.9) 182 (5.2) 132 (4.1) 130 (3.6) 91 (2.9) <0.001

Infarct subtypes
LAA 405 (13.9) 633 (17.5) 637 (19.8) 554 (15.3) 448 (14.5) <0.001
SAO 945 (32.5) 1,041 (29.6) 939 (29.2) 909 (25.1) 671(21.7) <0.001
Cardioembolism 578 (19.9) 695 (19.7) 735 (22.9) 1,003 (27.7) 882 (28.5) <0.001
Other determined 168 (5.8) 194 (5.5) 187 (5.8) 226 (6.2) 217 (7.0) 0.099
Undetermined 813 (27.9) 959 (27.2) 717 (22.3) 931 (25.7) 874 (28.3) <0.001

NIHSS -- -- 4 (2-10) 5 (2-11) 5 (2-12) <0.001
GCS -- -- 15 (14-15) 15 (14-15) 15 (13-15) <0.001
In-hospital stroke 170 (5.8) 280 (8.0) 255 (7.9) 269 (7.4) 390 (12.6) <0.001
1-month mortality 162 (5.6) 222 (6.3) 196 (6.1) 233 (6.4) 241 (7.8) 0.008
IV thrombolysis 1 (0.03) 22 (0.62) 78 (2.42) 276 (7.61) 259 (8.37) <0.001
IA thrombolysis or 
thrombectomy

0 11 (0.31) 32 (0.99) 27 (0.74) 195 (6.30) <0.001

Reperfusion therapy 1 (0.03) 32 (0.90) 99 (3.07) 297 (8.19) 383 (12.38) <0.001

Values are mean ± standard deviation, or median (interquartile range), or number (percentage).
GCS indicates Glasgow coma scale; IA, intra-arterial; IV, intravenous; LAA, large artery atherosclerosis; 
NIHSS indicates National Institute of Health Stroke Scale; SAO, small artery occlusion; TIA, transient 
ischemic attack.
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Discussion

This study comprehensively demonstrated 

the secular changes in stroke types, CI and ICH 

subtypes, risk factors and other related parameters 

in the NTUH Stroke Registry between 1995 and 

2018. Apparently, stroke epidemiology changed 

significantly in our hospital during this 24 year-

period, including not only the percentages of 

ischemic or hemorrhagic strokes, but also their 

subgroup characteristics. Whether this finding 

reflects the epidemiological trends of the whole 

population of Taiwan awaits further investigation. 

Nevertheless, the results of our study do provide 

information important to clinicians, especially for 

those who work in hospital settings similar to the 

NTUH in Taiwan.

Although significant, the distribution of 

ischemic and hemorrhagic stroke in The NTUH 

Stroke Registry did not change materially over 

time. These results were in contrast to those from a 

study of a hospital-based stroke registry in Peking 

during 2006-2015, which showed a significantly 

increasing proportion of CI and a decreasing 

proportion of ICH and SAH.18 In the Japan Public 

Health Center-based prospective study, between 

1995-1999 and 2005-2009, the proportion of ICH 

decreased for men, while the proportion of CI 

(among all types of stroke) and embolic infarction 

(among CI) increased for both men and women.19 

However, some stroke subtypes and risk factors did 

have remarkable secular trends, such as increased 

AF or malignancy-related CI and medication- or 

CAA-related ICH,17, 20 and in turn reduced small 

vessel disease in CI and hypertensive ICH. Our 

study had similar results in terms of CI subtypes 

as those from the Korean Stroke Registry, which 

showed increased frequency of cardioembolism, 

decreased frequency of small vessel occlusion 

and a relatively steady frequency of large artery 

atherosclerosis.21 Furthermore, the data showed a 

constantly increasing use of reperfusion therapy, 

whether intravenous or intra-arterial, in patients 

with acute CI, reflecting the rapid progress of the 

Table 4. Factors Determining the Diagnosis of Cardioembolism in Patients with First-ever Cerebral Infract.

Variable ß Odds ratio 95% Confidence intervals P-value
Age <45 y -- 1.00 --

45-64 y -0.034 0.97 0.81-1.15 0.697
65 y 0.531 1.70 1.44-2.00 <0.001

Female sex 0.290 1.34 1.23-1.45 <0.001
Hypertension -0.232 0.79 0.73-0.87 <0.001
Diabetes mellitus -0.387 0.68 0.62-0.74 <0.001
Ischemic heart disease 1.134 3.11 2.83-3.41 <0.001
Hyperlipidemia -0.541 0.58 0.54-0.63 <0.001
Smoking Habit -0.258 0.77 0.70-0.85 <0.001
Period 1995-1999 -- 1.00

2000-2004 0.059 1.06 0.93-1.21 0.371
2005-2009 0.256 1.29 1.14-1.47 <0.001
2010-2014 0.611 1.84 1.63-2.09 <0.001
2015-2018 0.658 1.93 1.70-2.19 <0.001
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concept and employment of team-based care in 

acute stroke management over the past decade.22

Generally speaking, several major factors 

should be considered as affecting the secular 

trends of stroke epidemiology. Besides the 

changes in lifestyle and certain environmental 

factors, the promotion of aggressive risk factor 

control, especially hypertension, may lower the 

incidence of hemorrhagic stroke and small vessel 

occlusion in ischemic stroke over time. The 

empirical use of advanced imaging tools may 

increase the detection of large artery stenosis 

or occlusion. Recently, the identification of AF 

with prolonged electrocardiographic  monitoring 

has been the critical factor for the increasing 

percentage of cardioembolisms. Furthermore, 

the aging of the population may also increase the 

occurrence some age-related risk factors, such 

as AF and, consequently, increase the number of 

cardioembolic stroke cases. Most importantly, 

various updated stroke guidelines and hospital 

accreditations have emphasized the performance 

of the aforementioned strategies for primary or 

secondary stroke prevention and management. 

In a database of consecutive patients with acute 

ischemic stroke or transient ischemic attack (TIA) 

Table 5. Secular Trend of Risk Factors and Subtypes in Patients with First-ever Intracerebral Hemorrhage

1995-99 
(n = 992)

2000-04 
(n = 1075)

2005-09 
(n = 1028)

2010-14 
(n = 972)

2015-18 
(n = 904)

P-value

Age, year 58.3 ± 16.8 57.6 ± 17.6 59.3 ± 17.2 59.9 ± 16.8 60.0 ± 16.7 0.005
Male sex 641 (64.6) 682 (63.4) 617 (60.0) 641 (65.9) 559 (61.8) 0.056
Risk Factors

Hypertension 734 (74.0) 778 (72.4) 754 (73.3) 757 (77.9) 695 (76.9) 0.019
Diabetes 160 (16.1) 186 (17.3) 182 (17.7) 222 (22.8) 205 (22.7) <0.001
Hyperlipidemia 308 (31.0) 263 (24.5) 154 (15.0) 211 (21.7) 223 (24.7) <0.001
Cardiac disease 224 (22.6) 128 (11.9) 163 (15.9) 154 (15.8) 162 (17.9) <0.001
Atrial fibrillation 52 (5.2) 40 (3.7) 73 (7.1) 71 (7.3) 79 (8.7) <0.001
Smoking habit 297 (29.9) 241 (22.4) 206 (20.0) 266 (27.4) 203 (22.5) <0.001
Alcohol drinking 233 (23.5) 174 (16.2) 151 (14.7) 183 (18.8) 127 (14.0) <0.001

ICH subtypes
Structure lesion 52 (5.2) 89 (18.3) 76 (7.4) 71 (7.3) 68 (7.5) 0.103
Systemic diseases 137 (13.8) 153 (14.2) 132 (12.8) 113 (11.6) 112 (12.4) 0.429
Medication-related 30 (3.0) 18 (1.7) 41 (4.0) 39 (4.0) 50 (5.5) <0.001
CAA 101 (10.2) 109 (10.1) 145 (14.1) 150 (15.4) 117 (12.9) <0.001
HA 572 (57.7) 604 (56.2) 534 (51.9) 510 (52.5) 460 (50.9) 0.008
Undetermined 100 (10.1) 102 (9.5) 100 (9.7) 89 (9.7) 97 (10.7) 0.816

NIHSS -- -- 12 (5-21) 12 (4-24) 14 (4-25) 0.280
GCS -- 13 (7-15) 13 (8-15) 14 (9-15) 13 (9-15) 0.241
In-hospital stroke 71 (7.2) 90 (8.4) 78 (7.6) 38 (3.9) 83 (9.2) <0.001
1-month mortality 240 (24.2) 199 (18.5) 201 (19.5) 170 (17.5) 158 (17.5) 0.001

Values are mean ± standard deviation, or median (interquartile range), or number (percentage).
CAA indicates cerebral amyloid angiopathy; GCS, Glasgow coma scale; HA, hypertensive angiopathy; 
ICH, intracerebral hemorrhage; NIHSS indicates National Institute of Health Stroke Scale.
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admitted to the Royal Melbourne Hospital stroke 

unit between 2004 and 2015, the prevalence of 

AF increased 1.4 times over 12 years.23 In another 

hospital-based registry in Ontario, the proportion of 

cardioembolic stroke increased from 26% in 2002 

to 56% in 2012, but AF increased only from 7% 

to 11%.24 In the Athens Stroke Registry, between 

1993 and 2012, the rate of newly-diagnosed AF 

increased significantly, as did the proportion of AF 

patients on proper antithrombotic treatment.25

Previously, similar studies of longitudinal 

stoke epidemiology had different results, which 

may be influenced by ethnicity, region, lifestyle, 

medical system and other factors.26, 27 Therefore, 

results from local data in Taiwan are unique and 

irreplaceable. The greatest advantage of this study 

is the data generated from a prospectively gathered 

stroke registry with high quality. However, the 

NTUH is a tertiary referral center which may be 

biased toward selecting more serious patients. To 

minimize selection bias, we recruited acute stroke 

cases not only from the neurological ward, but also 

from any patient who had a stroke or TIA before 

being brought to our emergency room, as well as 

from all in-hospital stroke patients. Another study 

limitation would be that the interpretation of stroke 

etiology may be restricted to our hospital, and 

the changes in etiology may also be influenced 

by patients’ tendency to seek medical care and 

changes in the natural population over time.

In conclusion, there were secular trends 

of an increasing percentage of ischemic stroke, 

especially AF-related, and a decreasing percentage 

of ICH, especially hypertension-related, among 

first-ever acute stroke patients over the past 20+ 

years in The NTUH Stroke Registry. Further 

studies with multi-center or population-based 

designs are needed to determine the changes over 

time in stroke subtypes and the stroke risk factors 

in Taiwan.
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1995

2018

1995 1 10 2018

24 5 1995-1999 2000-2004 2005-2009 2010-2014 2015-2018

24 22,803 ( 57.9% 64.5 ± 15.5 )

1995-2009 70.5% 2010-2018 72.9% (72.9%)

(23.9% 21.3%) 1995-1999 19.9% 2015-2018 28.5%

(1995-1999 17.6% 2015-2018 25.7% p < 0.001) 2005

2015-2018 12.4%

( 10.2% 12.9% 3.0% 5.5% p < 0.001)

(57.7% 50.8% p = 0.008)

1995 2018
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Tang et al. wrote a research paper using 

National Taiwan University Hospital (NTUH) 

Stroke Registry to explore the secular change of 

stroke subtype, risk factors, and etiologies from 

1995 to 2018.1 They found cardioembolism and 

atrial fibrillation increased significantly over this 

period. Using the entire population in Taiwan by 

National Health Insurance Research Database 

also obtain similar result of increase of atrial 

fibrillation.2 The higher percentage of atrial 

fibrillation in NTUH registry than in nationwide 

data (25% vs 10%) probably because NTUH is a 

tertiary referral hospital which likely to receive 

more serious patients and many of them may be 

caused by atrial fibrillation.

There was misunderstanding that frequency 

of young stroke was increasing and the result of 

this study rebutted such myth. Since smoking is 

a major risk factor for young stroke, decreasing 

frequency of smoking habit may contribute, at least 

partially, to lower frequency of young stroke.

Although frequency of hypertension increased 

over time in both ischemic and hemorrhagic stroke, 

the percentage of hypertensive-related intracerebral 

hemorrhage and lacunar stroke, also hypertension 

related, decreased. Increase of hypertension 

frequency may be explained by increased 

awareness of the importance of hypertension 

resulting in more frequent rendering and recall 

of diagnosis. Even the frequency of hypertension 

increased, baseline blood pressure might decrease 

steadily over time period, as shown in a previous 

study,3 which may explain the decease of lacunar 

stroke and hypertensive-related intracerebral 

hemorrhage. However, baseline blood pressure was 

not available in this study.

This study provide overview of ischemic 

and hemorrhagic stroke over 24-year period in a 

tertiary hospital and such information is helpful for 

both clinical practice and future stroke research in 

Taiwan.
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Introduction

For cancer patients, cerebral infarction is 

relatively common with an occurrence rate as high 

as 15%.1 Several mechanisms causing cancer-

related ischemic stroke have been reported, 

including conventional pathway, direct tumor 

effects, cancer complications such as coagulopathy 

and infections, and therapeutic and diagnostic 

interventions.2 Among them, hypercoagulopathy 

is the most common cause of ischemic stroke 

in cancer patients. In active cancer patients, 

strokes are often categorized as “of undetermined 

etiology” or as “other determined etiology” using 

the TOAST (Trial of ORG 10172 in Acute Stroke 

Treatment) classification system.3 In cryptogenic 
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stroke, patients with cancer often have high 

D-dimer levels and multiple lesion patterns in 

several vascular territories,4, 5 as reflected in the 

reduced survival rates. Consequently, these patients 

need specific consideration and individualized 

treatment.

In this paper, we describe the case of a 

58-year-old woman with a remote history of 

endometrioid adenocarcinoma in complete 

remission who experienced two episodes of 

embolic stroke of undetermined source followed 

by recurrent multifocal cerebral infarctions and 

hemorrhages.

Case Report

A 58-year-old woman presented to the 

emergency department with left chest pain of 

3-day duration which radiated to the back. She 

had a history of endometrioid adenocarcinoma 

(Stage IA by FIGO staging system; pT1aN0M0 

by TNM classification) and received a total 

abdominal hysterectomy with bilateral salpingo-

oophorectomy as well as complete radiotherapy 

3 years previously. She underwent regular 

examinations following the initial treatments, and 

the most recent abdominal and pelvic computed 

tomography (CT) scans performed 8 months before 

her first embolic stroke showed no evidence of 

cancer recurrence.

The patient had been hospitalized twice 

due to embolic stroke 8 and 3 months prior to 

the current admission, respectively. The first 

time, she had infarcts of the right corona radiata, 

insula, parietal and temporal lobes, as well as 

left occipital and frontal lobes (Figure 1). Her 

Figure 1.  Diffusion-weighted images show multiple areas of restricted water diffusion in the (a) right 
corona radiata and parietal lobe, (b, c) right insula, temporal lobe, and left occipital lobe, and (d) 
right parietal and left frontal lobes, findings consistent with embolic infarcts.
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National Institutes of Health Stroke Scale (NIHSS) 

score was 3 and Modified Rankin Scale (MRS) 

was 2 after discharge. No remarkable etiologies 

were found after detailed examinations for 

cardioembolism, tumor markers, autoimmune 

disease, and hematologic disorders. Chest X-ray 

imaging and abdomen and pelvis CT with contrast 

showed no remarkable findings. Ticlopidine 100 

mg three times a day was prescribed initially; 

this was later switched to Dabigatran 150 mg 

two times a day under the impression of embolic 

stroke of undetermined source (ESUS). However, 

a second ischemic stroke occurred 5 months later 

with infarcts in the left occipital lobe, right frontal 

lobe, and bilateral cerebellum (Figure 2). NIHSS 

and MRS were unchanged from the first discharge. 

No specific etiologies were noted after surveys 

including transesophageal echocardiography. 

Consequently, the two episodes of ischemic strokes 

were classified as “of undetermined etiology” by 

TOAST classification. The D-dimer level was 

mildly elevated (0.93 mg/L; normal range: <0.55 

mg/L). Warfarin 3.5 mg per day was prescribed for 

stroke prevention thereafter.

On arrival, her vital signs were stable, and 

crackles were heard on left chest auscultation. 

Chest X-ray revealed a moderate left-sided pleural 

effusion. Chest CT showed multiple masses in the 

left pleura with effusion and atelectasis of her lung, 

suggestive of metastases. Blood tests revealed 

markedly elevated D-dimer (18.36 mg/L) and 

tumor markers (CA-125: >200 U/ml, normal range: 

<35 U/ml; CA153 >150 U/ml, normal range: <30 

U/ml). Recurrence of endometrial cancer with 

distant metastasis was suspected.

After withholding warfarin for 4 days to 

Figure 2.  Diffusion-weighted images show multiple embolic infarcts involving (a) left occipital lobe, (b) 
right frontal lobe, and (c, d) bilateral cerebellum.
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prepare for surgery, the INR level decreased 

from 2.6 to 1.3, and she experienced a sudden 

onset of consciousness change [Glasgow Coma 

Scale (GCS) was E1V1M2]. Acute infarcts in the 

bilateral ventral thalami were found (Figure 3). 

Recombinant tissue plasminogen activator (rt-PA: 

0.7 mg/kg) was administered immediately. The 

NIHSS score dropped from 22 to 8, and the GCS 

was 15 one day later. Nonetheless, 8 days after rt-

PA treatment her consciousness deteriorated (GCS 

was E2V1M4) again, and brain CT revealed an 

acute hematoma (2.1×1.9 cm2) in the right frontal 

lobe (Figure 4). Thoracocentesis of a left pleural 

effusion was dark-red in color, and fluid cytology 

revealed abnormal cells with hyperchromatic nuclei 

and high nuclear-cytoplasmic ratio, suggestive 

of malignant cell morphology. Persistently high 

D-dimer level (> 35 mg/L) was then noted. Two 

weeks after rt-PA treatment, brain CT revealed a 

newly developed infarct in the right cerebellum and 

left parietal lobe with hemorrhagic transformation. 

Her consciousness level progressively declined 

from stupor to coma. The patient subsequently died 

due to respiratory failure.

Discussion

Direct tumor effects, coagulopathy, cancer-

related therapies, invasive procedures and 

infections are probable pathways leading to a 

cancer-associated stroke.2 Hypercoagulability is 

common in patients with cancer and is the main 

factor in mechanisms of stroke. In addition, 

thrombotic events may precede the diagnosis of 

malignancy.6

The D-dimer is a degradation product of 

crosslinked fibrin protein, thus elevated D-dimer 

levels imply activation of the coagulation system 

and a hypercoagulable state.7-9 An elevated D-dimer 

level and presence of multifocal vascular lesions 

are independent factors related to the presence 

of active cancer in cryptogenic stroke patients.10 

D-dimer also can serve as a predictor of early 

neurologic deterioration and survival rate in the 

patient with cryptogenic stroke and active cancer.11, 

12

Figure 3.  Diffusion-weighted image reveals water 
diffusion restriction in the ventral thalami 
bilaterally, suggesting acute infarcts.

Figure 4.  Without-contrast CT image shows a 
2.1×1.9 cm2 hyperdense lesion in the 
right anterior frontal lobe as well as a 
surrounding hypodense area, indicating 
acute  intracranial  hematoma with 
perifocal edema.
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Endometrial cancer is the most common 

gynecological malignancy in developed countries. 

Most of these cancers are diagnosed at an early 

stage (FIGO I-II) and are associated with a good 

prognosis following the treatment.13 However, 

the recurrence rate was approximately 10-15%, 

and the majority (80-90%) of recurrences takes 

place within three years.14 Age, FIGO grade, 

nuclear grade, time to recurrence, and response 

to treatment were found to be independent and 

significant prognostic factors for overall survival 

rate.15

In this case, the recurrent multifocal ischemic 

and hemorrhagic strokes during admission were 

likely due to cancer-associated hypercoagulation, 

and the rapid surge in the D-dimer level reflected 

the patient’s poor prognosis. The first two episodes 

of embolic strokes in this patient were designated 

as ESUS after standard diagnostic evaluation. 

Although ESUS refers to non-lacunar infarct with 

unknown origin, it is usually caused by relatively 

smaller emboli from valvular and arterial sources 

rather than larger emboli originating in the cardiac 

chambers.16 Cancer–associated coagulopathy 

and embolism is one of other potential causes of 

ESUS. In patients with ESUS and remote history 

of cancers, the risk of cancer recurrence should 

be carefully evaluated even when imaging and 

tumor marker studies are all negative. Close 

imaging follow-up with CT, the mainstay modality 

for surveillance is recommended, and more 

comprehensive studies to survey for malignancy, 

such as positron emission tomography (PET), may 

be taken into consideration.

The choice of antithrombotic agents remains 

challenging for stroke prevention in cancer 

patients. Low molecular weight heparin may 

be the first choice for secondary prevention of 

cancer-associated stroke.2 Among patients with 

cancer-associated stroke, the recurrence rate is 

possibly lower for enoxaparin than warfarin.7 

Tissue factor pathway inhibitor released by 

heparin can inactivate tissue factor which triggers 

thromboembolic events in cancer patients and 

explains its superiority.7 There are also many 

ongoing clinical trials comparing the benefits and 

risks of each antithrombotic agent, including new 

oral anticoagulants, aspirin and warfarin. Long-

term subcutaneous heparin therapy may lower 

the recurrence of cancer-associated stroke.17 

However, deterioration of cancer, physical and 

mental stress associated with injections, and 

hemorrhagic complications are the main reasons 

for discontinuation of or declining treatment with 

subcutaneous heparin therapy.17 Precise enoxaparin 

doses and treatment periods with the lowest 

hemorrhagic complications or clinical deterioration 

remain to be established for prevention of stroke.

In conclusion, tumor recurrence should be 

considered in patients with unexplained embolic 

strokes and a remote history of cancer. D-dimer 

levels and detailed imaging studies for risk 

stratification of recurrent thromboembolic events 

are included in acute inpatient stroke evaluations. 

Early recognition and management may improve 

prognosis and clinical outcome.
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Background

Cerebral tumor embolism is a rare stroke 

etiology among cancer patients with cancer-

related thrombosis. In an early review, among 256 

cancer patients with large artery occlusion, only 

2 cases are caused by tumor emboli.1 Primary or 

metastatic lung tumor with left atrial or pulmonary 

venous invasion, cardiac metastases or surgical 

intervention for lung tumors has been reported to 

be risk factors for cerebral tumor embolism. Here, 

we reported one case with rhabdomyosarcoma 

and systemic metastases, who presented with right 

middle cerebral artery (MCA) occlusion caused by 
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tumor emboli and treated successfully with suction 

thrombectomy.

Case Report

A 32-year-old woman was diagnosed as 

epitheloid rhabdomyosarcoma of the left thigh 

with systemic metastases to bilateral lungs, liver 

and spleen since 9 months ago (Figure 1a). She 

was presented with acute onset left limb weakness 

and disorganized speech. Her initial NIHSS was 6, 

including impaired fluency, left side hemianopia 

and left central type facial palsy. Brain CT 

angiography showed partial occlusion of the right 

distal M1 segment of the MCA, together with a 5.7 

cm enhancing mass at the right temporo-parietal 

lobe, suspected brain metastases (Figure 1b,c). 

Intravenous thrombolysis was not indicated for 

Figure 1.  (a) Follow-up whole body CT with contrast, 3 weeks prior to stroke onset, reveals multiple 
metastases over bilateral lungs, spleen, mediastinal lymph node, together with thromboembolism 
in the right lower lung. (arrow) (b) CT angiography shows a clot (arrow) in the distal M1 segment 
of the right MCA with partial occlusion. (c) Brain CT with contrast shows a 5.7 cm lobulated 
enhancing mass at the right temporo-parieto-occipital lobe (arrow), indicating brain metastases. 
(d-e) CT perfusion shows prolonged mean transit time at the right fronto-parieto-temporal lobe 
with preserved cerebral blood volume. (as indicated of the white-circled region)
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intra-axial brain tumor. Though with penumbrae 

(Figure 1d,e), endovascular thrombectomy was 

not performed initially due to possible brain tumor 

related seizure and relatively low NIHSS score. 

However, her symptoms progressed (NIHSS = 

12) 2 hours and 45 minutes after symptoms onset. 

Suction thrombectomy was performed 3 hours 

and 10 mins after stroke onset. The occluded right 

MCA M1 segment was recanalized with TICI 2b 

in 7 minutes from the puncture time and in 32 

minutes from onset time of worsening symptoms 

(Figure 2a,b). Two fragments of thrombi with 

reddish yellow and elastic, 1.0 × 0.1 × 0.1 cm in 

size was retrieved (Figure 2c).

The retr ieved thrombi  were analyzed 

pathological ly.  High-grade epi thel ioid to 

pleomorphic spindle cells arranged in sheets 

with geographical necrosis admixed with blood 

clots were seen. Immunochemical staining shows 

positive for desmin, and focally positive for 

myogenin. Considering her clinical history, a 

metastatic epithelioid rhabdomyosarcoma was 

Figure 2.  (a) Diagnostic angiography shows a clot causing partial occlusion of the distal M1 segment of the 
right MCA. (b) Recanalization of the right MCA after suction thrombectomy of the right M1 clot, 
TICI 2b obtained in 7 minutes from puncture time. (c) Two fragments of thrombi, reddish yellow 
and elastic, 1.0 × 0.1 × 0.1 cm in size. (d-e) DWI and ADC showed scattered foci of diffusion 
restriction in the right cerebrum. (f) MRA shows no significant abnormality of intracranial vessels.
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diagnosed.

Her neurological status improved significantly 

with only mild reading and naming difficulties 

(NIHSS = 1) on the third day. The D-dimer level 

was slightly elevated (2.26 μg/mL) and the HbA1C 

and lipid profiles were within normal limits. 

No atrial fibrillation was detected by 12-lead 

electrocardiogram. Follow-up brain MRI showed 

scattered foci of diffusion restriction in the right 

cerebrum and no significant large intracranial 

arterial stenosis was revealed by contrast enhanced 

MRA (Figure 2d-f). Echocardiogram and whole 

body CT were arranged for survey of tumor emboli 

and cancer status. However, before the imaging 

study, acute respiratory failure developed rapidly 

and she died 7 days after stroke onset.

Discussion

Hitherto,  acute large cerebral  arterial 

occlusion caused by tumor embolus in epitheloid 

rhabdomyosarcoma has not been described 

before. Lung malignancies, other type of soft 

tissue sarcoma and cardiac myxoma were once 

reported with major cerebral infarction from 

tumor embolus.2-7 In previous case report, cerebral 

tumor embolism is most commonly seen in cancer 

patients with pulmonary and cardiac involvement, 

which included pulmonary venous invasion 

or left atrial invasion caused by primary or 

metastatic malignant lung tumor or direct cardiac 

metastases.2-7 Several reported cases experienced 

acute stroke during lung surgery, which may 

be caused by spontaneous tumor embolization 

or release of tumor thrombi after surgical 

manipulation.2 Concurrent systemic embolization, 

including splenic artery, renal artery or the artery 

of four extremities may also be presented in cases 

with cerebral tumor embolism.8

In our case, no classic stroke risk factors, 

including hypertension, diabetes, dyslipidemia, 

smoking or atrial fibrillation were found. Though 

seizure was considered initially due to newly 

found brain metastases with fluctuated clinical 

presentation, cancer-related thrombosis was 

still the first possible etiology to be considered. 

Advanced cancer stage, recent exposure of 

chemotherapy and use of the anti-angiogenic 

agents have been reported to be related with 

increased risk of cancer-associated thrombosis,9 

as our case, who had advanced sarcoma and just 

received chemotherapy with bevacizumab 3 weeks 

before stroke onset. However, the slightly elevated 

serum D-dimer level, which usually presented 

with higher level in cancer-related stroke,10 does 

not support the cancer-related thrombosis. The 

gross appearance of the retrieved thrombus may 

be both yellowish/elastic in tumor embolus and 

cancer-related thrombosis.3, 4, 11 Not until the 

confirmation of pathology with immunochemical 

staining could we make the diagnosis of cerebral 

tumor embolism. Considering her previous history 

of tumor thromboembolism over right lower lung 

with multiple lung and systemic metastases, our 

patient is at high risk of systemic tumor embolism.

During the clinical practice in our hospital, 

retrieved thrombus was always sent to pathological 

examination, which may provide the information 

for clarifying the stroke etiology, including 

hypercoagulability in cancer patient or cerebral 

tumor embolism. Once the diagnosis of tumor 

embolism confirmed, immediate survey for emboli 

source and systemic organ involvement from 

tumor emboli should be considered. However, 

the echocardiogram and whole body imaging are 

not readily to be performed before the clinical 

condition deterioration. Though the patient was in 

advanced stage of cancer with poor prognosis, her 
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functional outcome before the stroke episode still 

remained independent and the clinical deterioration 

after stroke stabilized was also unexpected. 

Together with timely diagnosis and short onset to 

puncture time, intra-arterial thrombectomy was 

still considered a cost-effective intervention for 

this patient.

In conclusion, cerebral tumor embolism is a 

rare cause among cancer patients presented with 

acute ischemic stroke. Suction thrombectomy is 

an effective treatment in large arterial occlusion 

caused by tumor emboli. Once the pathology of 

thrombus confirmed the diagnosis, pulmonary 

and cardiac survey are suggested for r isk 

assessment of recurrent stroke and systemic 

tumor embolization. Although the patient is at 

advanced cancer stage with high risk of recurrent 

systemic tumor embolization and poor survival 

outcome, endovascular thrombectomy is effective 

in achieving revascularization and improving 

ischemic neurological deficit.
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