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Abstract

Background: Coronavirus disease 2019 can lead to rare but severe and life-threatening diseases in susceptible high-
risk populations, including patients with immunodeficiency. A rare event in this report is stroke following COVID-19
disease in a patient with an immunocompromised background due to leukemia and anti-cancer treatments.

Case presentation: A 6-year-old iranian girl with precursor B-cell leukemia receiving vincristine therapy presented
with fever and absolute neutrophil count < 500. Her severe acute respiratory syndrome coronavirus 2 polymerase
chain reaction test was positive. During hospitalization, she had abrupt onset tachypnea, reduced O, saturation, and
generalized tonic—clonic seizures treated with phenytoin and levetiracetam. Right parietal lobe ischemia was found
on a brain computed tomography scan, and the cerebrospinal fluid polymerase chain reaction test was positive for
severe acute respiratory syndrome coronavirus 2. Several days later, she developed lower extremity paralysis and
speech impairment, so speech therapy and physiotherapy were initiated. The patient also received dexamethasone,
mannitol, heparin, and remdesivir. She was discharged with enoxaparin and levetiracetam. Chemotherapy resumed
2 weeks following discharge. Her speech and walking improved after 10 months of follow-up, and bone marrow
aspiration showed total remission.

Conclusion: Owing to the link between coronavirus disease 2019 and hematologic cancers with hypercoagulopathy
and the tendency of patients with leukemia to have coronavirus disease 2019 complications, children with leukemia
as well as suspected coronavirus disease 2019 must be hospitalized to prevent blood clot formation.
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Introduction worldwide [1-3]. Although all ages can be affected,

The coronavirus disease 2019 (COVID-19), first reported
in Wuhan, China, was caused by severe acute respiratory
syndrome coronavirus (SARS-CoV-2). It then became
a pandemic, leading to high morbidity and mortality
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COVID-19 has a lower clinical impact, milder course,
and better clinical outcomes in children than in adults [4].
Common symptoms of COVID-19 are fever, cough, and
dyspnea. In addition, it can affect other organs, resulting
in hematological, neurological, cardiac, and renal com-
plications [5, 6]. Owing to the detection of SARS-CoV-2
in cerebrospinal fluid (CSF) and brain tissue during the
autopsy, several studies have suggested that the virus
may be neuroinvasive [7-9]. The neurological symptoms
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include encephalitis, encephalopathy, Guillain—Barré
syndrome, epileptic seizures, and stroke [10]. In a retro-
spective study on 214 patients in Wuhan, China, neuro-
logical complications were observed in 36.4% of patients
with COVID-19 [11]. During the COVID-19 pandemic,
the incidence of ischemic stroke has been approximately
5%. Patients infected with COVID-19 who experience a
stroke are more likely to be elderly and have hyperten-
sion [12]. Despite annual incidence estimates of 1.3—-1.72
instances per 100,000 children in Europe and North
America, little is known regarding the occurrence of
ischemic stroke in pediatric COVID-19 [13, 14].
Immunocompromised populations, such as patients
with hematological cancers, appear to be at higher risk
of severe COVID-19-related illnesses, such as cerebro-
vascular disorders, than the general population [15-17].
Moreover, children with acute lymphoblastic leukemia
were found to have the highest risk of both ischemic
stroke and intracerebral hemorrhage [18, 19]. Therefore,
COVID-19 infection raises the risk of stroke in children
with acute lymphoblastic leukemia (ALL) owing to their
immunodeficiency and hypercoagulability. We present
the case of a 6-year-old girl with pre-B-cell ALL who was
hospitalized with the diagnosis of COVID-19 and experi-
enced a cerebrovascular accident during hospitalization.

Case presentation

A 6-year-old iranian girl with a history of pre-B-cell acute
lymphoblastic leukemia (pre-B-cell ALL) was admitted to
the hospital. Her leukemia was identified 8 months prior
to her hospitalization with the 46XX blast cell karyotype,
positive for terminal deoxynucleotidyl transferase (TdT),
CD10, CD34, CD19, Human Leukocyte Antigen-DR
isotype (HLA-DR), and cytoplasmic immunoglobulin
M (CyIgM), placing her in the standard-risk group. The
patient was at the beginning of the maintenance treat-
ment, which included vincristine injections and examina-
tions every 35 days. Her family resided in a rural area and
had a lower-middle-class income. Family medical history
had no evidence of any cancerous or hematologic dis-
eases. Patient was not exposed to any dangerous factors
(radiation and chemicals) during her life or fetal period.
She was the firstborn child and the mother’s first preg-
nancy. Her weight at birth was 3000 g. Mother’s age at
birth was 20 years of age and the father’s was 27 years of
age.

Three days before admission, the child experienced a
rapid onset of fever with no other symptoms. With the
onset of fever, the patient received supportive treat-
ment and acetaminophen syrup 6 cc/kg/8 h, which had
no effect on improving the patient’s fever. At the begin-
ning of admission the hospital, vital signs were: temper-
ature (T) 39.8 °C, pulse rate (PR) 86 beats per minute,
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respiratory rate (RR) 13 breaths per minute, blood pres-
sure (BP) 100/70 mmHg, and O2 saturation 97%. Physi-
cal examination revealed pale skin and splenomegaly.
Lymphadenopathy, hepatomegaly, and the presence of a
central nervous system (CNS) disorder/leukemia were
not observed. The neurological examination, including
all cranial and peripheral nerve examinations, was nor-
mal. She was admitted for additional examination, and
the initiation of antibiotic treatment after a laboratory
test revealed that her absolute neutrophil count (ANC)
was lower than 500/pl. She was treated empirically with
intravenous vancomycin 500 mg and meropenem 500 mg
three times daily. The blood culture was negative after
48 h with a normal chest X-ray (Fig. 1) The patient’s labo-
ratory test results were as follows: red blood cell count
(RBC) 4600, white blood cell count (WBC) 1700/l
ANC 1100/pl, Hemoglobin 9.3 gr/dl, Platelets 47,000/pl,
PT 16s, International normalized ratio 1.1, Prothrombin
time test 24s, Alanine transaminase 12, Aspartate ami-
notransferase 14, Alkaline phosphatase 20, Blood Urea
Nitrogen 11, Creatinine 0.8, Erythrocyte sedimenta-
tion rate 35, C-Reactive Protein 14; urine analysis: WBC
2-3, RBC 0; epithelial cell: 1-2; crystals: not seen; cast:
not seen; bacteria: not seen; and the other test results
were normal.

On the third day of hospitalization, which corre-
sponded to the sixth day of the onset of fever, the patient
developed sudden-onset tachypnea and lowered oxygen
saturation to 88% in ambient air, which increased to 94%
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when using a reservoir oxygen mask. After partial stabili-
zation, the patient’s oxygen saturation reached 90%, and
generalized tonic—clonic seizures commenced concur-
rently. Despite receiving IV midazolam 5 mg twice, the
seizure persisted.

The patient was immediately transferred to the pedi-
atric intensive care unit (PICU) and was intubated.
According to the patient’s symptoms, a cerebrovascular
accident (CVA) was suspected; therefore, she under-
went a brain computed tomography (CT) scan with-
out contrast, which revealed an ischemic CVA in the
right parietal lobe, resulting in edema and midline shift
of the brain. (Fig. 2) Therefore, treatment procedures,
including intravenous dexamethasone 4 mg daily and
mannitol 12 g, were started for the patient.

The patient’s seizure was controlled by administer-
ing intravenous phenytoin 500 mg and levetiracetam
1 g. Owing to the patient’s low platelet count, heparin
was administered at a therapeutic dose of 1800 units to
prevent thrombosis development, and the infusion was
continued at a dose of 700 units per hour for 24 h. In
consultation with the neurosurgery service, support-
ive treatment and the following tests were requested
to rule out potential thrombosis causes: C, S pro-
tein, antithrombin3, and factor V Leiden, all of which
were normal. Owing to the patient’s fever, a polymer-
ase chain reaction (PCR) test for SARS-COV-2 was
requested, and the result was positive. Supportive care
with anticonvulsants and heparin administration was
continued. Following the patient’s relative stability, a
lumbar puncture (LP) was performed, which revealed
normal pressure, clear cerebrospinal fluid (CSF), and

Fig. 2 Brain computed tomography scan showing right parietal lobe
ischemia (black arrow)
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normal culture, analysis, and serology; however, the
CSF PCR test was positive for SARS-COV-2.

Remdesivir was added to the patient’s treatments at
a dose of 100 mg daily for 5 days, with no dose reduc-
tions. Oral vitamin C at a dose of 500 mg every 12 h,
a single dose of intramuscular vitamin D at 300,000
units, and intramuscular vitamin A at 50,000 units were
also administered according to the national protocol for
COVID-19.

After 3 days, the patient was weaned off the ventilator,
the seizure was under control, and the CT scan showed
no signs of the progression of the thrombotic lesion.
However, the patient developed paralysis of the left lower
extremities and speech impairment; hence, physiother-
apy was initiated for the patient.

After discharge from the PICU, the patient developed
recurrent coughs and moderate fever, and a chest CT
scan was performed since pneumonia was suspected.
Mild bilateral ground glass opacities were detected in the
periphery of both lungs on the CT scan image. In addi-
tion to supportive therapy for COVID-19, the patient was
administered intravenous ceftriaxone 500 mg two times
daily and azithromycin syrup 100 mg, 10 ml daily. Owing
to the improvement of symptoms and negative blood
culture, the patient’s antibiotic treatment was discontin-
ued. The patient was discharged with a prescription for
subcutaneous enoxaparin 15 mg twice daily for 2 months
and levetiracetam 500 mg twice daily. Two weeks after
discharge, the chemotherapy maintenance phase was
resumed.

During 3-month post-discharge follow-ups, the patient
could walk and speak properly with physiotherapy and
speech therapy assistance. After a 10-month follow-up,
the patient’s ability to speak and walk had fully recov-
ered, and bone marrow aspiration revealed the complete
remission phase.

Discussion

In the current report, we have demonstrated a known
case of patient with pre-B-cell ALL who experienced
CVA following the COVID-19 infection.

Patients with ALL are a subset of the immunocom-
promised population, putting them at increased risk for
complicated diseases such as COVID-19. Owing to the
highly immunosuppressive treatment regimen and pro-
longed treatment duration, the risk of COVID-19-re-
lated complications and life-threatening diseases may be
higher in these patients than in the general population
[15, 20, 21]. Fung and Babik demonstrated that immu-
nocompromised patients with COVID-19 may be at a
higher risk for severe diseases and poor outcomes [22].

A Chinese cohort of confirmed patients with COVID-
19 found that the fatality rate of COVID-19 in patients
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with cancer is estimated to be 5.6%. Also, the severity of
COVID-19 in cancer is 3.5 times higher than in the gen-
eral population [23]. Furthermore, it is stated that more
than 80% of hematologic patients require hospitalization,
with about 15% requiring intensive care unit admission
[24, 25]. Dai et al. demonstrated that patients with hema-
tologic cancers infected with COVID-19 had the highest
severity and mortality rate (33%) compared with patients
with other malignancies [26]. Several other studies con-
firm the greater mortality rate among patients infected
with COVID with hematologic cancers compared with
those with solid tumors [27-29]. Infection with COVID-
19 in children with hematologic malignancies appears to
carry a low mortality risk. However, children with hema-
tologic cancer have a higher mortality risk than those
with solid organ malignancies [30].

CVA is a frequent consequence of COVID-19 and
hematologic cancers. In children with cancer, stroke is
a significant consequence that increases morbidity and
mortality and necessitates higher levels of critical care
[31]. Noje et al. showed that children with leukemia and
brain tumors have the highest risk for stroke [19]. Para-
sole et al. predicted a prevalence of 1.97% for stroke in
children treated for ALL [32]. Strokes in patients with
cancer can be hemorrhagic or ischemic [33]. During the
first 6 months after a cancer diagnosis, the risk of a hem-
orrhagic stroke is greater than that of an ischemic stroke
in patients with cancer, which is also true for patients
with leukemia [34]. The mechanisms of stroke in patients
with cancer are multifactorial and may be directly related
to cancer, consequences of cancer such as infections and
hypercoagulability, or therapeutic and diagnostic inter-
ventions [35]. Infection, particularly brain infection, is
one of the important risk factors for stroke. Owing to
anti-cancer therapy, patients with cancer are immuno-
compromised; therefore, infections can easily spread
throughout the body. Sepsis and its combination with
disseminated intravascular coagulation (DIC) can induce
septic cerebral infarction [36]. COVID-19 has been one
of the most widespread diseases worldwide over the past
2 years, and is known to raise the risk of stroke. The risk
of ischemic stroke in COVID-19 is reported to be 5%. In
COVID-19, hemorrhagic stroke is uncommon but has
occurred in a few cases. The mechanisms of ischemic
stroke in COVID-19 are hypercoagulopathy, vasculitis,
and cardiomyopathy. A hemorrhagic stroke in COVID-
19 may result from the following probable causes: the
inflammatory response, or cytokine storm, that occurs
alongside the infection, and the angiotensin-converting
enzyme 2 (ACE-2) receptors that are expressed in intrac-
ranial arteries, which permit the SARS-CoV-2 virus
to damage the arteries and lead to rupture of the ves-
sel wall [12, 37]. Another study revealed the following

Page 4 of 6

reasons underlying the occurrence of stroke in COVID-
19: (1) Susceptibility of a group of patients to hypoxemia-
induced cerebrovascular damage, (2) Sepsis-induced
coagulopathy, which is widespread in patients with
COVID-19 with high D-dimer and fibrinogen levels, and
(3) ACE-2 receptors and cytokine storm. Cytokine storm
is an adverse effect of immunity to COVID-19, defined
by uncontrolled hyperactivation of the immune system.
These excessive cytokines can cause plaque rupture and
superimposed thrombosis [38].

Given that both the COVID-19 infection and underly-
ing cancer can raise the patient’s risk of stroke, the pres-
ence of both conditions may raise the risk of stroke [39].
However, there are still some debates about the synergy
between these two in thrombosis [40]. Owing to this con-
troversy, additional research is required on these popula-
tions before a conclusion can be reached.

Owing to the rarity of this case, one of the limits of the
disease’s management was the lack of a defined treatment
protocol at the time of the patient’s treatment and the
partial implementation of preventative measures at the
beginning of the patient’s treatment. On the other hand,
because of the presence of multiple factors in the occur-
rence of stroke in children with COVID-19 who have a
history of leukemia, it is impossible to completely pre-
vent this occurrence. However, this case provides useful
information for the management of future patients.

Conclusion

Owing to the association between COVID-19 and leu-
kemia with hypercoagulopathy, as well as the suscepti-
bility of children with leukemia to severe complications
of COVID-19, children with leukemia and suspected
COVID-19 must be hospitalized and given special care.
Additionally, proper measures should be taken to prevent
the formation of blood clots to reduce the risk of con-
sequences such as stroke. Moreover, In the presence of
stroke-suspicious symptoms, physicians should initiate
essential evaluations as well as cardioembolism preven-
tion or treatment.

Abbreviations

COVID-19: Coronavirus disease 2019; SARS-CoV-2: Severe acute respiratory
syndrome coronavirus; ANC: Absolute neutrophil count; CT: Computed
tomography; PICU: Pediatric intensive care unit; CVA: Cerebrovascular acci-
dent; ACE-2: Angiotensin-converting enzyme 2; ALL: Acute lymphoblastic
leukemia; Pre-B-cell ALL: Precursor B-cell acute lymphoblastic leukemia; TdT:
Terminal deoxynucleotidyl transferase; HLA-DR: Human Leukocyte Antigen-DR
isotype; CylgM: Cytoplasmic immunoglobulin M; CSF: Clear cerebrospinal fluid;
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline
phosphatase; PCR: Polymerase chain reaction; DIC: Disseminated intravascular
coagulation.

Acknowledgements
Not applicable.



Karimi et al. Journal of Medical Case Reports (2022) 16:452

Author contributions

HK was the principal investigator. HK and MG were included in preparing the
concept and design. AG, RS, PS, and HB revisited the manuscript and critically
evaluated the intellectual contents. All authors participated in preparing the
final draft of the manuscript, revised the manuscript, and critically evaluated
the intellectual contents. All authors have read and approved the manuscript’s
content and confirmed the accuracy or integrity of any part of the work. All
authors read and approved the final manuscript.

Funding
There is no funding.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate

The content of this manuscript are in accordance with the declaration of Hel-
sinki for Ethics. No committee approval was required. Oral and written consent
to participate was granted by the parents.

Consent for publication

Written informed consent was obtained from the patient’s legal guardian for
publication of this case report and any accompanying images. A copy of the
written consent is available for review by the Editor-in-Chief of the journal.

Competing interests
The authors declare that they have no competing financial interests and noth-
ing to disclose.

Author details

! Alumna of Medicine, Tehran University of Medical Sciences, Tehran, Iran.
2Department of Infectious Disease, Arak University of Medical Sciences, Arak,
Iran. 3Department of Pediatric Surgery, Tehran University of Medical Sciences,
Tehran, Iran. “Department of Pediatric Oncology, Kerman University of Medical
Sciences, Kerman, Iran. °Department of Pediatric Neurology, Kerman Univer-
sity of Medical Sciences, Kerman, Iran.

Received: 27 June 2022 Accepted: 7 November 2022
Published online: 06 December 2022

References

1. V'kovski P, Kratzel A, Steiner S, Stalder H, Thiel V. Coronavirus biol-
ogy and replication: implications for SARS-CoV-2. Nat Rev Microbiol.
2021;19(3):155-70.

2. Organization WH (2020) WHO announces COVID-19 outbreak a pan-
demic. 2020.

3. Huang C,Wang, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X.
Clinical features of patients infected with 2019 novel coronavirus in
Wuhan, China. Lancet. 2020;395(10223):497-506.

4. Fauci AS, Lane HC, Redfield RR. Covid-19—navigating the uncharted.
Mass Medical Soc. 2020;382:1268-9.

5. ZhengKI, Feng G, Liu WY, Targher G, Byrne CD, Zheng MH. Extrapulmo-
nary complications of COVID-19: a multisystem disease? J Med Virol.
2021,93(1):323-35.

6. Rahman A, Niloofa R, De Zoysa IM, Cooray AD, Kariyawasam J, Senevi-
ratne SL. Neurological manifestations in COVID-19: a narrative review.
SAGE Open Med. 2020;8:2050312120957925.

7. Paniz-Mondolfi A, Bryce C, Grimes Z, Gordon RE, Reidy J, Lednicky J,
Sordillo EM, Fowkes M. Central nervous system involvement by severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2). J Med Virol.
2020;92(7):699-702.

8. Solomon |, Normandin E, Bhattacharyya S. Caracteristicas neuropatolégi-
cas de Covid-19. N Engl J Med. 2020;383(7):989-92.

9. MoriguchiT. Dr. Frank Lichert, Weilburg. Int J Infect Dis. 2020,94:55-8.

10. Zubair AS, McAlpine LS, Gardin T, Farhadian S, Kuruvilla DE, Spudich S.
Neuropathogenesis and neurologic manifestations of the coronaviruses

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 5 of 6

in the age of coronavirus disease 2019: a review. JAMA Neurol.
2020;77(8):1018-27.

. Mao L, Jin H,Wang M, HuY, Chen S, He Q, Chang J, Hong C, Zhou Y, Wang

D. Neurologic manifestations of hospitalized patients with coronavirus
disease 2019 in Wuhan, China. JAMA Neurol. 2020;77(6):683-90.

Qureshi Al, Abd-Allah F, Al-Senani F, Aytac E, Borhani-Haghighi A, Ciccone
A, Gomez CR, Gurkas E, Hsu CY, Jani V. Management of acute ischemic
stroke in patients with COVID-19 infection: report of an international
panel. Int J Stroke. 2020;15(5):540-54.

Bohmer M, Niederstadt T, Heindel W, Wildgruber M, Stréter R, Hanning

U, Kemmling A, Sporns PB. Impact of childhood arterial ischemic stroke
standardized classification and diagnostic evaluation classification on
further course of arteriopathy and recurrence of childhood stroke. Stroke.
2019;50(1):83-7.

Mirzaee SMM, Gongalves FG, Mohammadifard M, Tavakoli SM, Vossough
A. Focal cerebral arteriopathy in a pediatric patient with COVID-19. Radi-
ology. 2020;297(2):E274.

Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: summary of a
report of 72 314 cases from the Chinese Center for Disease Control and
Prevention. JAMA. 2020;323(13):1239-42.

Shallis RM, Wang R, Davidoff A, Ma X, Zeidan AM. Epidemiology of acute
myeloid leukemia: recent progress and enduring challenges. Blood Rev.
2019;36:70-87.

Kebudi R, Chantada G, Kurucu N, Tugcu D, Mukkada S, Moreira DC.
COVID-19: consequences for children with cancer in Turkey and globally.
Turk Arch Pediatrics. 2021;56(4):295.

Bange EM, Han NA, Wileyto P, Kim JY, Gouma S, Robinson J, Greenplate
AR, Porterfield F, Owoyemi O, Naik K. CD8 T cells compensate for impaired
humoral immunity in COVID-19 patients with hematologic cancer. Res
Sq. 2021, https://doi.org/10.21203/rs.3.rs-162289/v1.

Noje C, Cohen K, Jordan LC. Hemorrhagic and ischemic stroke in children
with cancer. Pediatr Neurol. 2013;49(4):237-42.

Zeidan AM, Boddu PC, Patnaik MM, Bewersdorf JP, Stahl M, Rampal RK,
Shallis R, Steensma DP, Savona MR, Sekeres MA. Special considerations in
the management of adult patients with acute leukaemias and myeloid
neoplasms in the COVID-19 era: recommendations from a panel of inter-
national experts. Lancet Haematol. 2020;7(8):e601-12.

Rubinstein SM, Warner JL. COVID-19 and haematological malignancy:
navigating a narrow strait. Lancet Haematol. 2020;7(10):701-3.

Fung M, Babik JM. COVID-19 in immunocompromised hosts: what we
know so far. Clin Infect Dis. 2021;72(2):340-50.

Liang W, Guan W, Chen R, Wang W, Li J, Xu K, Li C, Ai Q, Lu W, Liang H.
Cancer patients in SARS-CoV-2 infection: a nationwide analysis in China.
Lancet Oncol. 2020;21(3):335-7.

Wood WA, Neuberg DS, Thompson JC, Tallman MS, Sekeres MA, Sehn

LH, Anderson KC, Goldberg AD, Pennell NA, Niemeyer CM. Outcomes of
patients with hematologic malignancies and COVID-19: a report from the
ASH Research Collaborative Data Hub. Blood Adv. 2020;4(23):5966-75.
Cook G, John A, Pratt G, Popat R, Ramasamy K, Kaiser M, Jenner M,
Henshaw S, Hall R, Sive J. Real-world assessment of the clinical impact

of symptomatic infection with severe acute respiratory syndrome coro-
navirus (COVID-19 disease) in patients with multiple myeloma receiving
systemic anti-cancer therapy. Br J Haematol. 2020. https://doi.org/10.
1111/bjh.16874.

Dai M, Liu D, Liu M, Zhou F, Li G, Chen Z, Zhang Z, You H, Wu M, Zheng
Q. Patients with cancer appear more vulnerable to SARS-CoV-2: a
multicenter study during the COVID-19 outbreak patients with cancer in
SARS-COV-2 infection. Cancer Discov. 2020;10(6):783-91.

Hollein A, Bojko P, Schulz S, Neitz J, Stétzer O, Pihusch R, Abedinpour

F, Schmidt B, Hentrich M. Characteristics and outcomes of patients

with cancer and COVID-19: results from a cohort study. Acta Oncol.
2021,60(1):24-7.

Sorouri M, Kasaeian A, Mojtabavi H, Radmard AR, Kolahdoozan S,
Anushiravani A, Khosravi B, Pourabbas SM, Eslahi M, Sirusbakht A. Clinical
characteristics, outcomes, and risk factors for mortality in hospitalized
patients with COVID-19 and cancer history: a propensity score-matched
study. Infect Agents Cancer. 2020;15(1):1-11.

Yang K, Sheng Y, Huang C, Jin Y, Xiong N, Jiang K, Lu H, Liu J, Yang J,
Dong Y. Clinical characteristics, outcomes, and risk factors for mortality


https://doi.org/10.21203/rs.3.rs-162289/v1
https://doi.org/10.1111/bjh.16874
https://doi.org/10.1111/bjh.16874

Karimi et al. Journal of Medical Case Reports

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

(2022) 16:452

in patients with cancer and COVID-19 in Hubei, China: a multicentre,
retrospective, cohort study. Lancet Oncol. 2020;21(7):904-13.

Vijenthira A, Gong IY, Fox TA, Booth S, Cook G, Fattizzo B, Martin-Moro

F, Razanamahery J, Riches JC, Zwicker J. Outcomes of patients with
hematologic malignancies and COVID-19: a systematic review and meta-
analysis of 3377 patients. Blood. 2020;136(25):2881-92.

Dardiotis E, Aloizou A-M, Markoula S, Siokas V, Tsarouhas K, Tzanaka-

kis G, Libra M, Kyritsis AP, Brotis AG, Aschner M. Cancer-associated

stroke: pathophysiology, detection and management. Int J Oncol.
2019;54(3):779-96.

Parasole R, Petruzziello F, Menna G, Mangione A, Cianciulli E, Buffardi S,
Marchese L, Nastro A, Misuraca A, Poggi V. Central nervous system com-
plications during treatment of acute lymphoblastic leukemia in a single
pediatric institution. Leuk Lymphoma. 2010;51(6):1063-71.

Katz JM, Segal AZ. Incidence and etiology of cerebrovascular disease in
patients with malignancy. Curr Atheroscler Rep. 2005;7(4):280-8.

Zéller B, Ji J, Sundquist J, Sundquist K. Risk of haemorrhagic and ischae-
mic stroke in patients with cancer: a nationwide follow-up study from
Sweden. Eur J Cancer. 2012;48(12):1875-83.

Rogers LR Cerebrovascular complications in patients with cancer. In:
Seminars in neurology, 2004. vol 04. Copyright© 2004 by Thieme Medical
Publishers, Inc, 333 Seventh Avenue, New ..., pp 453-460

Grisold W, Oberndorfer S, Struhal W. Stroke and cancer: a review. Acta
Neurol Scand. 2009;119(1):1-16.

Spence JD, De Freitas GR, Pettigrew LC, Ay H, Liebeskind DS, Kase CS, Del
Brutto OH, Hankey GJ, Venketasubramanian N. Mechanisms of stroke in
COVID-19. Cerebrovasc Dis. 2020;49(4):451-8.

Nannoni S, de Groot R, Bell S, Markus HS. Stroke in COVID-19: a systematic
review and meta-analysis. Int J Stroke. 2021;16(2):137-49.

Sagris D, Papanikolaou A, Kvernland A, Korompoki E, Frontera JA, Troxel
AB, Gavriatopoulou M, Milionis H, Lip GY, Michel P. COVID-19 and
ischemic stroke. Eur J Neurol. 2021;28(11):3826-36.

Patell R, Bogue T, Bindal P, Koshy A, Merrill M, Aird WC, Bauer KA, Zwicker
JI. Incidence of thrombosis and hemorrhage in hospitalized cancer
patients with COVID-19. J Thromb Haemost. 2020;18(9):2349-57.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 6 of 6

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

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Cerebrovascular accident in a child with precursor B-cell acute lymphoblastic leukemia and coronavirus disease 2019: a case report
	Abstract 
	Background: 
	Case presentation: 
	Conclusion: 

	Introduction
	Case presentation
	Discussion
	Conclusion
	Acknowledgements
	References


