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Abstract
Objective: To determine the prevalence and to characterize the different types of strokes in children with cancer at
the Children’s Cancer Center of Lebanon (CCCL), in addition to assess the factors and clinical findings leading to stroke
in children.
Methods: We retrospectively reviewed the medical records and brain images (MRIs and CTs) of children admitted
to the CCCL and diagnosed with cancer between years 2008 and 2017. Brain images were reviewed for the strokes’
onset, size, location, possible origin, its recurrence and type: intracranial hemorrhage (ICH), acute arterial ischemic
stroke, and cerebral sinus venous thrombosis (CSVT) with and without venous infarct. Medical charts of the patients
were reviewed for age, sex, their type of cancer, the treatment protocol they followed, and abnormal findings on their
laboratory studies and neurological exams.
Results: Out of the 905 charts reviewed, twenty-seven children with variable types of cancer had strokes, with a
prevalence of 2.9%. Their median age at cancer diagnosis was 9.4 (4.8-13.7) years and the median age at stroke onset
was 10.6 (6.7-15.5) years. The median time between the cancer diagnosis and the stroke episode was 6 months. CSVT
cases were the most common (60%) followed by acute arterial ischemic (22%) and hemorrhagic strokes (18%), with
CSVT being the latest to occur. We observed that the different types of strokes were related to some types of cancer.
Of the children that had acute arterial ischemic stroke in this cohort, 83% had brain tumors, of the children who had
CSVT, 87.5% had leukemia, and of the children who had hemorrhagic stroke, 40% had leukemia. Neurological abnormalities were more prevalent in acute arterial ischemic stroke (80%). Patients with CSVT recovered better than those
with other types of strokes. Strokes recurred in 60% of ischemic strokes. L-Asparaginase was significantly associated
with CSVT.
Conclusions: The prevalence of strokes was 2.9% in children with cancer. We were able to identify factors related to
the types of the stroke that occurred in children including the type and location of the cancer the type of treatment
received, and stroke recurrence.
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Introduction
Stroke is a serious complication of malignancy in children
leading to increased morbidity and higher need for critical services [1]. Stroke has a prevalence of approximately
1% in children with cancer, with equal incidence of both
acute arterial ischemic and hemorrhagic strokes. Among
those, children with leukemia and brain tumor were
found to have the highest risk for stroke [2]. Recent studies reveal that adult survivors of childhood cancer had an
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increased risk of cerebrovascular disease [3]. However,
little is known about strokes within the first 5 years from
the onset of cancer during childhood [2]. There is limited
data on the epidemiology of strokes in children including
the incidence, types, characteristics, and factors contributing to the strokes in child cancer survivor. It is important for clinicians managing pediatric cancer patients to
be aware of the likelihood of a stroke happening for the
type of cancer they are treating and risk factors leading
to it. This will allow the early detection and treatment of
stroke cases.
Many factors have been associated with strokes in
children with cancer. The pathophysiology of the stroke
is either mediated directly by the cancer itself or indirectly by an induced hypercoagulable state [1]. The literature suggests that the type of cancer in addition to
whether the patient received cranial radiation therapy
are strong predictors of the incidence of first stroke in
cancer patients [4]. The use of chemotherapy, especially
L- asparaginase, is a known risk factor for venous thromboembolism including cerebral sinus venous thrombosis
(CSVT) leading in one-third of the cases to parenchymal hemorrhage [5] and neurological deficits [6]. Bowers
et al. showed that thirty-seven leukemia survivors and
sixty-three brain tumor survivors reported a late-occurring stroke with a relative risk of 6.4 (95% CI, 3.0 to 13.8;
P<0.0001) and 29.0 (95% CI, 13.8 to 60.6; P<0.0001) for
leukemia and brain tumor survivors respectively [4].
The purpose of this study is to retrospectively review
the demographic characteristics of children with cancer treated at the Children Cancer Center of Lebanon
(CCCL). This will allow us to determine the prevalence
of stroke in addition to characterizing the types of strokes
and assessing the factors and clinical findings that might
have contributed to the stroke by comparing the clinical
and radiological characteristics between children with
different types of stroke.

Materials and methods
Subjects

The study included all children admitted to the Children Cancer Center of Lebanon (CCCL) between January 2008 and December 2017 aged 18 years and younger
with a total of 905 cases. These patients were diagnosed
with different types of cancer including solid tumors, leukemia, or lymphoma; and have undergone brain imaging
(MRI and CT scan) showing positive stroke findings in
their reports.
Data collection

We retrospectively extracted all the brain images (including MRIs and CTs) of the 905 children from the PACS
imaging system and reviewed their corresponding
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reports for the presence of stroke: intracranial hemorrhage (ICH), acute arterial ischemic stroke, and cerebral sinus venous thrombosis (CSVT) with and without
venous infarct. Children with intratumoral hemorrhage,
traumatic hemorrhage, subdural and epidural hemorrhage, and bleeding related to surgical interventions were
excluded. We also collected data on the patients’ clinical
presentation, history and laboratory test results. All previous and follow up imaging studies were also reviewed
until the child’s last admission.
Data collected from the patients’ charts included: gender, age at cancer diagnosis, age at stroke diagnosis, time
from cancer diagnosis to stroke onset, stroke type (ICH,
acute arterial ischemic stroke, CSVT with and without
venous infarct), cancer type (brain tumor, lung tumor,
leukemia, lymphoma), and radiological reports finding
such as size of stroke (small versus large). Acute arterial
ischemic stroke was defined as acute neurologic deficits
lasting more than 24 h and caused by cerebral ischemia
secondary to sudden loss of blood circulation in a vascular territory; associated with neuroimaging showing
parenchymal infarction conforming to known arterial
territories and corresponding to the clinical presentation.
Regarding the middle cerebral artery (MCA) and posterior circulation arterial ischemic strokes, we referred to
the ASPECT Score and pc ASPECT scoring: less than 1/3
of the territory (score 7) was considered small and below
7 is large [7]. A hemorrhagic stroke occurs when a blood
vessel in the brain or on the surface of the brain leaks
causing bleeding which can lead to brain tissue damage with secondary acute neurologic deficit lasting more
than 24 h [8]. We considered the hemorrhagic stroke
large if its size was above > 50-60 ml CSVT referred to
patients who had thrombosis with or without venous
infarcts including secondary hemorrhagic transformations. All lacunar infarcts measuring less than 1.5 cm
were classified as small. We defined the location of stroke
including the basal ganglia, lobar or posterior fossa. The
lobar strokes were located superficially within the lobes
of the brain. We tried to identify the possible origin of
the stroke (venous or arterial), when possible. We also
reviewed the treatment regimens used including surgical treatment, radiation, type of chemotherapy, if present, and any other drug. The risk factors for stroke were
evaluated, such as abnormal platelet counts and leukocyte counts. Abnormal coagulation studies at the time of
the stroke were noted for any abnormal values including:
prothrombin time (PT) (normal range 10-30 s), partial
thrombin time (PTT) (normal range 30-45), and international normalized ratio (INR) normal (range between 1
and 2). The recorded neurological status at diagnosis and
at the last follow up were reviewed. Finally, the recurrence of the stroke as well as its outcome were recorded.
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The denominator for period prevalence (how many
children with cancer had stroke during the study period)
was the number of pediatric patients that were admitted to the CCCL during the study period. An experienced neuroradiologist with expertise in stroke reviewed
the extracted brain images to confirm the strokes, and a
pediatric oncologist reviewed all the extracted clinical
information.
Statistical analysis

Analysis was performed using SPSS version 24. Continuous data was reported as medians and 25%tile and
75%tile QR, and were compared between acute arterial
ischemic stroke, hemorrhagic stroke and CSVT groups
using the independent sample median test. Categorical
data was reported as numbers and percentages and was
compared using the Chi-Square test. A p-value < 0.05
was considered statistically significant.

Results
Demographics

By searching the database of CCCL patients, we were
able to identify 905 children with cancer during our
10-year study period. A total of 27 patients diagnosed
with stroke were included in the study. The cancer types
of these patients included seven brain tumor cases (glioblastoma multiforme, craniopharyngioma, grade I astrocytoma, 2 cases of grade II pilomyxoid astrocytoma and 2
cases of medulloblastoma), one lung cancer (pulmonary
blastoma), 17 leukemia cases (6 T-cell acute lymphoblastic leukemia (ALL), 6 Pre-B cell ALL, 3 B-cell ALL,
1 acute prolymphocytic leukemia, and 1 non specified
type) and 2 B-cell lymphoma cases. There were 19 males
and 8 females with a median age of 9.4 (4.8-13.7) years at
cancer diagnosis and 10.6 (6.7-15.5) years at the time of
stroke diagnosis (Table 1). There were six patients with
acute arterial ischemic stroke (22%), five patients with
hemorrhagic stroke (18%), and 16 patients with CSVT
with no infarcts (60%). Three of the 16 patients with
CSVT developed hemorrhagic venous stroke later on.
Clinical features of strokes

In our study, the prevalence of stroke in children with
new diagnosis of cancer over a 10 -year period was estimated to be 2.9%. Patients ranged in age between 2.5
months and 18 years, with a median age of 5.7 (3.6-12.7)
years for acute ischemic stroke, 10.6 (4.9-12.8) years for
hemorrhagic stroke, and 9.4 (5.5-14.7) years for CSVT.
The median interval time between the dates of cancer diagnosis to the onset of stroke was 6 (1-9) months.
Hemorrhaging strokes occur the earliest after cancer
diagnosis, followed by acute ischemic strokes then CSVT
(Table 1). At presentation, all patients had neurological
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symptoms including headache, visual impairment,
dysarthria, and upper and/or lower motor spasms or
weakness. Nine patients did not have any acute focal neurological deficits. The reason why these patients underwent imaging is the presence of different symptoms
suggesting the presence of a neurological problem. The
symptoms included: headaches (three patients), vomiting (three patients), dizziness (one patient), slurred
speech (one patient) and decreased level of consciousness and petechia. Abnormal neurological exams were
most frequent in acute arterial ischemic stroke patients
(80%). The type of cancer diagnosed in patients seemed
to affect the type of strokes they experienced (p value =
0.001). Of the children who had ischemic stroke in this
cohort, 83% had brain tumors. Out of seven patients
with brain tumor, only one had right MCA severe stenosis related to radiation vasculopathy, and six patients
developed stroke as a post-operative complication. On
the other hand, hemorrhagic stroke and CSVT were
observed more frequently in leukemia patients (Table 1).
There was a single case of lung cancer that later led to a
hemorrhagic stroke. The stroke size was small in 62% of
the cases and did not showing any statistical significance
when comparing hemorrhagic and arterial ischemic
strokes. Ischemic strokes were mainly arterial in origin
whereas hemorrhagic strokes can be arterial in origin
or secondary to venous thrombosis. There was no statistical difference in the location of strokes in basal ganglia, lobar or posterior fossa in hemorrhagic and arterial
ischemic strokes. Among our cohort, abnormal coagulation parameters were present in 51% of the cases, where
abnormal PT, PTT and INR values were evident, with no
significant variation among the three stroke groups. The
Leukocyte and platelet counts were not associated with
any specific stroke category. Only 17 children were followed-up with imaging (15 CSVT cases and 2 ischemic
strokes) as was clinically indicated. Three patients were
lost to follow up. The median time of last follow up in
relationship to stroke presentation was 5 (4-6) years.
Strokes were recurrent in 60% of acute arterial ischemic
strokes, whereas only 25% of hemorrhagic strokes reoccurred. One patient with ischemic stroke and another
one with hemorrhagic stroke died 8 to 19 months after
stroke onset. The neurological status at the last follow up
visit was analyzed and it showed improvement in most
CSVT cases (86.7%) and some of the hemorrhagic stroke
children (75%). However, all the children with ischemic
strokes had a persistent abnormal neurological status at
their latest follow up visit.
Treatment and stroke subtype

In our cohort, the stroke type differed based on
the type of treatment. Cancer patients treated with
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Table 1 Demographic and clinical characteristics of children with cancer presenting in acute ischemic, hemorrhagic and cerebral
sinus venous thrombosis (CSVT)
Characteristics

Total
N=27

Stroke type

P value

CSVT
N=16

Hemorrhagic
N=5

Acute Ischemic
N=6

Age at cancer diagnosis (years)

9.4 (4.8-13.7)

9.4 (5.5-14.7)

10.6 (4.9-12.8)

5.7 (3.6-12.7)

0.68

Age at stroke diagnosis (years)

10.6 (6.7-15.5)

11.4 (6.1-15.7)

10.6 (6.5-12.8)

10.3 (6.2-16.4)

0.92

Stroke onset after Cancer diagnosis:
(months)

6 (1-9)

8 (5-9)

1 (0.1-19)

1.8 (0.2-39)

0.58

Time to follow-up (years)

5 (4-6)

5 (4.3-6)

4 (2-6)

4.5 (2.5-7)

0.77

Sex (Male)

19 (70.4%)

11 (68.8%)

2 (40%)

1 (16.7%)

0.73

  Brain

7 (25.9%)

1 (6.3%)

1 (20%)

5 (83.3%)

  Leukemia

17 (63.0%)

14 (87.5%)

2 (40%)

1 (16.7%)

  Lymphoma

2 (7.4%)

1 (6.3%)

1 (20%)

0

  Lung

1 (3.7%)

0

1 (20%)

0

  Small

8 (72%)

-

4 (80%)

4 (66.7%)

  Large

3 (28%)

-

1 (20%)

2 (33.3%)

  Basal ganglia

3 (17.6%)

-

1 (20%)

2 (33.3%)

  Lobara

4 (14.8%)

-

2 (40%)

2 (33.3%)

  Posterior fossa

4 (23.5%)

0

2 (40%)

2 (33.3%)

Treatment of cancer
Drugs
Surgical
Combined

19 (70.4%)
1 (3.7%)
7 (25.9%)

15 (93.8%)
0
1 (6.3%)

3 (60%)
0
2 (40%)

1 (16.7%)
1 (16.7%)
4 (66.7%)

0.002

Leukocyte count (×103 /mm3)

6.3 (3.8-35.3)

4.5 (3.6-51.3)

15.3 (6-134)

7.8 (4.5-24.2)

0.30

Platelet count (×103 /mm3)

205 (141-318)

179 (143.8-287.3)

170 (61.5-395)

303.5 (207-401)

0.147

Abnormal coagulation (yes)

14 (51.9%)

8 (50%)

3 (60%)

3 (50%)

1.00

Stroke recurrence (yes)

4 (19.0%)

0

1 (25.0%)

3 (60.0%)

0.01

Death (yes)

2 (7.7%)

0

1 (20%)

1 (17%)

0.14

Cancer type

0.001

Stroke size

0.56

Location of stroke

a

<0.0001

Lobar: located superficially within the lobes of the brain involving the cortex but not the basal ganglia

chemotherapy were most likely to develop CSVT and
hemorrhagic stroke rather than arterial ischemic
strokes. Patients treated with combined therapy (surgical intervention, radiotherapy and chemotherapy)
were more likely to develop arterial ischemic strokes
(p-value=0.002). We compared the frequencies of each
stroke type in the different types of chemotherapies
used in order to determine which chemotherapeutic
drug was most likely to be associated with stroke incidence. Drugs recorded were mainly chemotherapies
and suppressors such as vincristine, L-asparginase,
cyclophosphamide, doxorubicin, cisplatin, etoposide,
etc. Our results showed that 100% of the patients who
developed CSVT were taking L-asparginase in their
treatment, and none of these patients has developed
primary hemorrhagic or ischemic strokes not secondary to the CSVT (p value <0.0001). The frequency of
ischemic arterial strokes were higher (three out of five)

in vincristine-treated cases compared to other drugs
(two out of twenty).

Discussion
In our study, the prevalence of stroke in 905 children
diagnosed with cancer over a 10-year period was estimated to be 2.9% with a median time interval from the
date of cancer diagnosis to date of stroke episode being
6 months. This prevalence was higher than those seen in
the literature, but with similar time of onset. A study performed by Noje et al. showed a prevalence of 1.1% with
strokes occurring at a median of 5 months after cancer
diagnosis. This difference could be related in part to the
higher population sample (more than 1,400 children
compared to 905 in our study) [2]. Another study performed by Parasole et al. showed a prevalence of strokes
estimated at 1.97% in children treated for ALL [9]. In this
study, CSVT were not included, which might explain the
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lower prevalence of strokes in their study when compared to ours. Similarly, Santoro et al. reported a prevalence of 0.47% from a total of 2,318 ALL cases; however
all the strokes were found to be CSVT [10]. DiMario et al.
retrospectively reviewed 815 children with systemic cancer (excluding primary central nervous system tumors)
over a 6-year period and showed a prevalence of 1.5% of
strokes [11]. This lower prevalence might be explained
by the exclusion of brain tumors from the study. On the
other hand, Packer et al. reported 4% of patients (26 out
of 700 cases) having cerebrovascular accidents over a
period of 4 years. It is worth mentioning that the diagnosis of cerebrovascular accidents used by Packer et al.
was not only based on brain scan findings but also on
postmortem histopathological examination which was
performed in 54 of 295 (18%) children with cancer who
died during the time period of the study [12]. The prevalence comparison represents an estimate of the true
numbers since the values differ based on the detection
rates as well as the type of strokes included in each study
as detailed above. Male predominance was evident in
our cohort. This finding was concordant with Noje et al.
which showed that 60% of the stroke positive patients
were males [2].
CSVT appeared to be the most frequent type of strokes
in our study, a result discordant with the finding of Noje
et al. who showed that intracranial hemorrhagic (ICH)
strokes are more common [2]. This can be explained by
the difference in the predominance of cancer types. In
our study, 17 out of 27 patients had leukemia, compared
to 8 patients out of 15 in the study by Noje et al. Patients
with leukemia are at higher risk for developing CSVT
due to the type of chemotherapy treatment. In addition
to that, the type of cancer showed significant difference
between each group of strokes. Of the children who had
ischemic stroke in this cohort, 83% had brain tumors,
while hemorrhagic strokes and CSVT were more frequently seen in children with leukemia. Our results
were concordant with the literature, where 75% of stroke
patients with brain tumors were ischemic in nature compared to 71.4% and 66.7% for ICH and CSVT respectively
in patients with leukemia [2].
Cancer treatments, such as radiation therapy and
L-ASPA among many others, are known risk factors for
cerebral strokes. In patients with brain tumors, the major
risk factors for arterial ischemic stroke are treatment
or disease related, such as tumor invasion of the vessel, direct vascular injury related to the procedure, and
vasospasm secondary to sub-arachnoid hemorrhage [13].
Those factors explain the early reported onset of strokes
in these patients directly after their diagnosis or in the
post-operative period. Radiation induced arteriopathy,
defined as abnormal findings on MRA, is a leading cause
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of stroke in pediatric patients with brain tumor. Another
study proposed a correlation between higher radiation
doses and an earlier time of onset of intracranial arteriopathy in the pediatric brain tumor population. The
cumulative incidence of arteriopathy following cranial
radiation therapy at 5 years and 10 years was 5.4% (95%
CI 0.6%-10%) and 16% (95% CI 4.6%-26%), respectively
[14].
Many factors were reported as possible causes for cerebral venous thrombosis in pediatric leukemia patients
including coagulopathy secondary to disseminated intravascular coagulation, infection adjacent to the sinus,
compression or infiltration by the tumor, and inherited deficiency of proteins C and S [15, 16]. L-asparaginase treatment has been found to be a cause of cerebral
venous thrombosis due to a decline in the levels of anticoagulant proteins including protein C and S as well as
anti-thrombin, which impairs thrombin inhibition, causing secondary platelet and endothelial activation. [17].
A study showed that the most important factor in ALL
patients who develop cerebral sinus venous thrombosis is
the intensive therapy and prolonged exposure to L-asparginase especially in patients with inherited thrombophilia
[18].
Concerning the outcomes of our patients, improvement was seen in most CSVT cases (86.7%) and some
of the hemorrhagic stroke cases (66.7%). Similar results
were obtained in Santoro et al. where 91% of his included
cases who developed CSVT had favorable neurological
outcomes [10]. On the other hand, all the children with
ischemic strokes had persistent abnormal neurological status at their latest follow up visit. When it comes
to death rate, none of the CSVT patients died unlike the
other two categories. Although two patients died after a
hemorrhagic stroke and ischemic strokes respectively, yet
the strokes cannot be considered a direct cause behind
their death especially that the death incidence was not
directly following the stroke diagnosis in these patients.
Our results were not concordant with the results from
the single-center study of 15 patients by Noje et al. in
which the death rate was 75% in patients with ischemic
strokes, 100% in patients with hemorrhagic strokes, and
66.7% in patients with CSVT [2]. These findings highlight
the importance of early diagnosis and treatment of CSVT
because it is reversible and is usually associated with less
severe neurological outcomes.
One strength of this study is that all brain images were
reviewed by a senior radiology resident by an experienced neuroradiologist to confirm that all strokes mentioned in the reports were positive and that the stroke
location corresponds to the reported clinical manifestation in the patient chart. Moreover, we highlighted the
type and location of strokes encountered in our pediatric
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population, which was not mentioned in previously conducted studies. This study was limited by its retrospective
nature. The use of ICD-10 code searches may be inaccurate since the definitive diagnosis that can be coded using
ICD is achieved after several patient visits and rarely during the first visit [19]. In addition, the small sample size
of our cohort and the small samples in each subtype of
stroke are a limitation. This can be due to the rarity of
pediatric stroke in children with cancer and to the setting of the study, which was based on cases from a single
cancer center. However, multicenter studies have been
limited by patient-reported strokes and by the lack of
imaging and medical record review.
To our knowledge, this is the first study conducted in
Lebanon and the MENA region that looks at the prevalence of stroke and the risk factors associated with it
among children with cancer. Knowing that CCCL is a
leading cancer center in the MENA region, where a variety of cases are admitted from different ethnicities and
backgrounds, we believe in the strength of this study.
We believe that this study highlights the importance of
assessing the risk factors that cancer patients might have
and adjusting the treatment accordingly to lower the risk
of stroke in future practice.

Conclusions
Our conclusion was based on the results obtained in a
small cohort of pediatric cancer patients who experienced strokes. We conclude that, although rare with a
prevalence of 2.9%, strokes are one of the complications
that can affect children with cancer. Ischemic strokes
affect patients with brain tumors more frequently compared to other cancer types, whereas CSVT and hemorrhagic strokes are more common in leukemia patients
compared to the other cancer types included in the study.
Patients on chemotherapy were most likely to develop
CSVT and hemorrhagic stroke rather than ischemic
strokes. In addition, we observed that L-asparaginase
was associated with cerebral sinus venous thrombosis.
The obtained demographic and clinical results will allow
the treating physician to diagnose stroke in children
with cancer, taking into consideration the risk factors
and the neurological deficits. In turn this will allow early
diagnosis, prompt management and thus better clinical
outcome.
Acknowledgements
Dr. Amy Zenger, Director, Writing Center and Writing in the Disciplines at the
American University of Beirut, for her help in editing the manuscript.
Authors’ contributions
R.H and C.Z. designed the study. C.Z. and H.S collected the data. H.T. M.M.
and N.A. analyzed the data. C.Z. and N.A. drafted and wrote the manuscript.
R.H., S.M. and LA.A revised the manuscript critically for intellectual content.
All authors provided intellectual input to the study and approved the final
version of the manuscript.

Page 6 of 7

Funding
Not applicable.
Availability of data and materials
The data that support the findings of this study are available from the American University of Beirut Medical Center. Restrictions apply to the availability
of these data, which were used under license for this study. Data are available
from the corresponding author with the permission of our institution.

Declarations
Ethics approval and consent to participate
The present study was approved by the Institutional Review Board (IRB) Committee of the American University of Beirut Medical Center. The complete
details of the entire study design and procedures involved were in accordance
with the Declaration of Helsinki. Waiver of written informed consent from
all individual participants was approved by the IRB due to the retrospective
design of the study. Not applicable for consent to publish.
Consent for publication
Not applicable.
Competing interests
All authors declare that they have no competing interests.
Author details
1
Department of Diagnostic Radiology, American University of Beirut Medical
Center, Beirut, Lebanon. 2 Department of Pediatrics and Adolescent Medicine,
Children’s Cancer Center of Lebanon, American University of Beirut Medical
Center, Beirut, Lebanon. 3 Biostatistics Unit, Clinical Research Institute, American University of Beirut Medical Center, Beirut, Lebanon.
Received: 22 October 2020 Accepted: 13 January 2022

References
1. Dardiotis E, Aloizou A-M, Markoula S, Siokas V, Tsarouhas K, Tzanakakis G,
Libra M, Kyritsis AP, Brotis AG, Aschner M (2019) Cancer-associated stroke:
Pathophysiology, detection and management. International journal of
oncology 54 (3):779–796
2. Noje C, Cohen K, Jordan LC (2013) Hemorrhagic and ischemic stroke in
children with cancer. Pediatric neurology 49 (4):237–242. doi:https://doi.
org/10.1016/j.pediatrneurol.2013.04.009
3. Rogers LR Cerebrovascular complications in patients with cancer. In:
Seminars in neurology, 2010. vol 03. © Thieme Medical Publishers,
pp 311–319
4. Bowers DC, Liu Y, Leisenring W, McNeil E, Stovall M, Gurney JG, Robison
LL, Packer RJ, Oeffinger KC (2006) Late-occurring stroke among longterm survivors of childhood leukemia and brain tumors: a report from
the Childhood Cancer Survivor Study. Journal of Clinical Oncology 24
(33):5277–5282
5. Moscote-Salazar L, Alcala-Cerra G, Alvis-Miranda H, Castellar-Leones S
(2013) Cerebral sinus venous thrombosis. J Neurosci Rural Pract 4 (4):427
6. Levy-Mendelovich S, Barg AA, Kenet G (2018) Thrombosis in pediatric
patients with leukemia. Thrombosis research 164:S94-S97
7. Pexman JH, Barber PA, Hill MD, Sevick RJ, Demchuk AM, Hudon ME, Hu
WY, Buchan AM (2001) Use of the Alberta Stroke Program Early CT Score
(ASPECTS) for assessing CT scans in patients with acute stroke. AJNR
American journal of neuroradiology 22 (8):1534–1542
8. Sébire G, Fullerton H, Riou E, deVeber G (2004) Toward the definition of
cerebral arteriopathies of childhood. Current opinion in pediatrics 16
(6):617–622
9. Parasole R, Petruzziello F, Menna G, Mangione A, Cianciulli E, Buffardi S,
Marchese L, Nastro A, Misuraca A, Poggi V (2010) Central nervous system
complications during treatment of acute lymphoblastic leukemia in a
single pediatric institution. Leukemia & lymphoma 51 (6):1063–1071
10. Santoro N, Giordano P, Del Vecchio GC, Guido G, Rizzari C, Varotto S,
Masera G, De Mattia D (2005) Ischemic stroke in children treated for

Zadeh et al. BMC Neurology

11.
12.
13.
14.

15.

16.

17.
18.

19.

(2022) 22:31

Page 7 of 7

acute lymphoblastic leukemia: a retrospective study. Journal of pediatric
hematology/oncology 27 (3):153–157. doi:https://doi.org/10.1097/01.
mph.0000157379.44167.b5
DiMario FJ, Packer RJ (1990) Acute mental status changes in children with
systemic cancer. Pediatrics 85 (3):353–360
Packer RJ, Rorke LB, Lange BJ, Siegel KR, Evans AE (1985) Cerebrovascular
accidents in children with cancer. Pediatrics 76 (2):194–201
Kreisl TN, Toothaker T, Karimi S, DeAngelis LM (2008) Ischemic stroke in
patients with primary brain tumors. Neurology 70 (24):2314–2320
Nordstrom M, Felton E, Sear K, Tamrazi B, Torkildson J, Gauvain K, HaasKogan DA, Chen J, Buono BD, Banerjee A (2018) Large vessel arteriopathy
after cranial radiation therapy in pediatric brain tumor survivors. Journal
of child neurology 33 (5):359–366
Wang T-Y, Yen H-J, Hung G-Y, Hsieh M-Y, Tang R-B (2011) A rare complication in a child undergoing chemotherapy for acute lymphoblastic leukemia: Superior sagittal sinus thrombosis. Journal of the Chinese Medical
Association 74 (4):183–187
Sun LR, Linds A, Sharma M, Rafay M, Vadivelu S, Lee S, Brandão LR,
Appavu B, Estepp JH, Hukin J (2020) Cancer and Tumor-Associated
Childhood Stroke: Results from the International Pediatric Stroke Study.
Pediatric neurology
Goyal G, Bhatt VR (2015) L-asparaginase and venous thromboembolism
in acute lymphocytic leukemia. Future Oncology 11 (17):2459–2470
Ghanem KM, Dhayni RM, Al-Aridi C, Tarek N, Tamim H, Chan AK, Saab
R, Abboud MR, El‐Solh H, Muwakkit SA (2017) Cerebral sinus venous
thrombosis during childhood acute lymphoblastic leukemia therapy: risk
factors and management. Pediatric blood & cancer 64 (12):e26694
Kurbasic I, Pandza H, Masic I, Huseinagic S, Tandir S, Alicajic F, Toromanovic S (2008) The advantages and limitations of international classification of diseases, injuries and causes of death from aspect of existing
health care system of bosnia and herzegovina. Acta Inform Med 16
(3):159–161. doi:https://doi.org/10.5455/aim.2008.16.159-161

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

