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Abstract
Background: Human immunodeficiency virus (HIV) infection has been recognized as a risk factor for both ischemic
and hemorrhagic stroke among young adults. However, information on the optimal management of HIV patients
presenting with presumed acute ischemic stroke within the time window of intravenous recombinant tissue
plasminogen activator (IV-rtPA) thrombolysis is limited. To the best of our knowledge, the use of multimodal
computed tomography (CT)-based imaging to guide acute-phase treatment for patients with HIV infection has
never been reported.
Case presentation: We report the clinical, imaging, and immunological features of a young man suffering from
presumed acute ischemic stroke, initially without awareness of the presence of HIV infection. IV-rtPA guided by
multimodal CT, including brain CT angiography (CTA) and CT perfusion (CTP), was administered at the emergency
department. His symptoms were relieved, and there was no recurrence during the 2-month follow up.
Conclusions: Mutimodal CT is a valuable and promising tool for the early management of HIV-infected patients,
especially for those presenting within the strict thrombolysis time window.
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Background
Acute ischemic stroke in young adults (under 50 years
of age) has been increasingly recognized as a serious
health condition. The etiology of stroke in young adults
is heterogeneous and differs from that in older patients
[1]. Although the pathogenesis of the two conditions differs, HIV infection can reportedly lead to both ischemic
and hemorrhagic stroke [2, 3]. Moreover, the optimal
approach to diagnostic evaluation and management remains uncertain, particularly for those patients who
present within the time window for intravenous recombinant tissue plasminogen activator (IV-rtPA). Due to its
convenience and its ability to assess cerebral blood vessels and perfusion at the same time, multimodal computed tomography (CT) is gradually becoming known as
a valuable assessment tool for acute stroke patients, as it
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can provide important information for guiding treatment
in the acute phase [4, 5]. In this article, we present a
case of IV-rtPA treatment, guided by multimodal
CT-based imaging, of an HIV-infected young patient
suffering from aborted stroke.

Case presentation
A 19-year-old male presented to the emergency department at 10:42 a.m.,42 min after the sudden onset of
slurred speech with weakness of his right upper and
lower extremities. He reported no headache, dizziness,
nausea, vomiting, fever, or convulsions. He denied any
significant medical history, drug abuse, or high-risk sexual behaviors. He had no history of migraines, trauma,
insect bites, exposure to chemicals, or use of medications. Apart from cigarette smoking for 1 year, he denied
other risk factors for stroke. There was no history of
early cardiovascular disease in the family.
On physical examination, the patient’s vital signs were
normal. His weight was 65 kg (69 kg, 3 weeks ago), body
mass index (BMI) 21.47 kg/m2. His chest examination
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was clear, and no additional murmurs were detected
upon cardiac examinations. The liver, spleen and cervical
lymph nodes were not enlarged; no skin or mucosal lesions were seen.He was alert and oriented to person,
place, and time. The pupils were equal and reactive to
light and accommodation. He had mild right hemiplegia
with strength of 4:5 in the right upper and lower extremities; slight dysarthria and right lower facial paresis
were also noted. The neurologic examination was otherwise unremarkable. The National Institutes of Health
Stroke Scale (NIHSS) score was 3.
Rapid blood glucose was in the normal range
(6.3 mmol/L). Complete blood count results showed
white blood cell (WBC) count 3.0 × 109/L, hemoglobin
11.9 g/dL, and platelets 273 × 1012/L. Stroke was first
considered. As he was then in the 4.5-h time window for
IV-rtPA, an urgent brain CT with computed tomography
angiography (CTA) of intra–extracranial vessels and
whole-brain computed tomography perfusion (CTP) imaging were performed in the emergency department.
The nonenhanced CT (NECT) scan (Fig. 1a) and CTA
(Fig. 1b) were normal. CTP showed hypoperfusion in
the left hemisphere with prolonged mean transit time
(MTT) and time-to-peak (TTP), slightly increased cerebral blood volume (CBV), and relatively preserved cerebral blood flow (CBF) (Fig. 1c-f ). A diagnosis of acute
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ischemic stroke was made. After excluding absolute contraindications for intravenous thrombolysis, 58.5 mg
(0.9 mg/kg) rtPA was given at 12:30 a.m., immediately
after the patient signed the informed consent. After 1 h
of rtPA, his symptoms were alleviated, and the NIHSS
score was decreased to 1, with slight asymmetry of the
nasolabial sulcus. The patient was then admitted to the
department of neurology for further investigations and
treatment. Within 60 min after admission, the clinical
neurological examination had completely normalized.
On the next day, the patient had no complaints of discomfort. The NIHSS score was 0. Cerebral magnetic resonance imaging (MRI) was performed, and no acute
lesion was seen in the diffusion-weighted image (DWI)
sequences (Fig. 1g). Doppler ultrasonography of carotidal and intracranial arteries showed no abnormality.
Electrocardiogram, electroencephalogram (EEG) and
chest CT scan were all normal. Echocardiography
showed that the left and right heart chambers were
within normal size and function(left ventricle ejection
fraction 70%). His laboratory tests showed WBC count
2.2 × 109/L, hemoglobin 10.4 g/dL, platelets 210 × 1012/
L, ESR 18 mm/h (normal 0–15.0), CRP 0.66 mg/L (normal 0–8.0), homocystein 10.4 umol/L (normal < 15.0),
and mild impairment of liver function (ALT 132 U/L
(normal 5–40), AST 106 U/L (normal 8–40), GGT

Fig. 1 The patient’s neurologic images. a–f Mutimodal CT obtained 2 h after onset: (a) Normal nonenhanced CT. b Normal intracranial CTA. c–f
Color maps of CTP showed prolonged MTT (c) and TTP (d) in the left hemisphere. The corresponding CBV (e) was slightly increased, and the CBF
(f) was relatively preserved. g DWI of brain MRI obtained the next day was normal. h Brain contrast-enhanced MRI showed no meninges or brain
parenchymal enhancement
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257 U/L (normal 11–50), ALP 127 U/L (normal 40–150)).
Serologies showed the following: rapid plasma reagin,
negative; antinuclear antibody and antineutrophil cytoplasmic antibody, negative; complement level including
C3, C4 levels, normal; anticardiolipin immunoglobulin
G(ACL-IgG), ACL-IgM, and ACL-IgA antibody levels,
normal; β2 glycoprotein I immunoglobulin G (β2-GP1IgG) and β2-GP1- IgM antibody levels, normal; high
β2-GP I-IgA antibody level, 67.16 units/mL (normal 0–
18). HIV enzyme-linked immunosorbent assay and Western blot confirmed HIV infection with CD4 cell count of
7 cells/uL; the CD4:CD8 T cell ratio was 0.04 (7/173).
Hepatitis B virus surface antigen and hepatitis C antibody
were unremarkable.
On the third day of admission, the patient received a
lumbar puncture with pressure of 140 mmH2O. Cerebrospinal fluid (CSF) studies showed normal-range white
cell and red cell counts but a high protein level at
1185 mg/L. The CSF glucose and chloride were in the
normal range. CSF viral PCRs (including herpes simplex
virus, varicella zoster, Epstein Barr, cytomegalovirus and
JC virus), cryptococcal antigen, and bacterial and fungal
cultures were all negative. CSF syphilis TRUST and
TPPA tests were also negative. There was no meninges
or brain parenchymal enhancement on his brain
contrast-enhanced MRI (Fig. 1h).
The patient was diagnosed with aborted stroke and
HIV infection. Oral aspirin 100 mg and atorvastatin calcium 20 mg daily were given. For further treatment, the
patient was transferred to the HIV/AIDS ward on the
fourth day of admission. On follow up 2 months later,
he reported no similar symptoms.

Discussion and conclusions
To our knowledge, this is the first reported case of
IV-rtPA stroke treatment guided by multimodal CT imaging in an untreated HIV-infected young adult. This
young patient presented at the emergency department
with stroke-like manifestations within the time window
of intravenous thrombolysis. It has been reported that
more than 20% of adults and children with acute
stroke-like symptoms will prove to have an alternative
diagnosis [1]. Given the potential risks of thrombolytic
complications in stroke mimics, especially symptomatic
intracranial hemorrhage, rapid and effective assessment
is of great importance for disease diagnosis and differentiation as well as for guiding acute management, therapy,
and prognosis. Mutimodal CT imaging, which consists
of NECT, CTA of the head and neck, and CTP, is now
readily available in the emergency department and serves
as an ideal tool for rapid image evaluation of stroke and
stroke-mimic patients [5, 6]. NECT can effectively exclude hemorrhage as a contraindication for thrombolysis. CTA can define any arterial occlusion or stenosis
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and collateral blood flow. CTP can assess regional cerebral blood perfusion to adequately delineate the infarct
core and the ischemic penumbra (mismatch) [5]. Especially, MTT values can be prolonged not only in stroke
but also in transient ischemia attack (TIA), reflecting the
high sensitivity for detecting ischemia [7]. For this patient, multimodal CT imaging showed normal NECT
and CTA but hypoperfusion in the left hemisphere,
which could explain the neurologic deficits and signs at
that time. Acute ischemic stroke was first considered.
Hence, after excluding the absolute contraindications for
thrombolysis, IV-rtPA was given based on certainty that
we were working within the time window. After the
intravenous thrombolysis, the patient got complete resolution of symptoms with negative DWI imaging. We diagnosed the patient with aborted stroke, since the
natural course of the “TIAs” would likely have been
strokes [8], especially in setting of IV-tPA use. The other
possible causes of transient neurological deficits, such as
migraine and Todd paralysis, seemed unlikely given his
negative headache history and normal EEG result.
Unexpectedly, the next day’s laboratory tests revealed
the presence of HIV infection. Several retrospective
studies have reported a positive association between
HIV infection and stroke, particularly in young adults
without conventional cardiovascular risk factors. Possible HIV-related causes of acute ischemic stroke include
opportunistic infection, HIV-associated vasculitis, accelerated atherosclerosis, cardioembolism, combination
antiretroviral therapy, and hypercoagulability [3, 9, 10].
For this patient, we found a markedly increased level of
β2-GP I-IgA antibody as well as hypoperfusion in the
left hemisphere on brain CTP. The other brain imaging
examinations, including CTA of the intra-extracranial
vessels and contrast MRI, were normal, and there was
no evidence of central nerve system infections at that
time. The presence of antiphospholipid (aPL) antibodies
is closely related to the occurrence of venous and arterial thromboses, thrombocytopenia, abortions, chorea,
and a variety of other clinical disorders in patients with
autoimmune disorders such as systemic lupus erythematosus [11]. Antiphospholipid antibodies can also be detected in various infectious diseases, such as tuberculosis,
syphilis, or viral infections. Recently published studies
have suggested the participation of aPL antibodies in the
development of thrombotic complications in HIV patients
[12, 13]. IgA anti-β2GPI antibodies directed to domain
IV/V of β2GPI represent an important subgroup of
clinically relevant aPLs. Studies have shown that IgA
anti-β2GPI antibodies are independent risk factors for
acute myocardial infarction and atherosclerosis in
populations without antiphospholipid syndrome [14–16],
and the same positive association was found for acute
cerebral ischemia [17]. Patients with isolated positive for
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anti-beta2-glycoprotein I IgA had a higher incidence rate
for the development of APS events, mainly arterial
thrombosis, compared with controls [18]. Moreover,
more than 80% of HIV patients with cerebral perfusion abnormalities (focal or diffuse defects in uptake)
detected by 99mTc-HMPAO-SPECT were reported to
have anticardiolipin antibodies [19]. Thus, we speculated
that the increased anti-beta2-glycoprotein I IgA was
closely associated with the patient’s stroke symptoms.
Although ischemic stroke is more frequently reported,
new evidence suggests that HIV infection may also be
an independent risk factor for primary intracranial
hemorrhage [20, 21]. Hemorrhagic transformation after
thrombolysis occurred in 6% of HIV-infected patients
with presumed acute ischemic stroke [2]. HIV-associated
vasculopathy (aneurysm or vasculitis), infective vasculitis,
infective meningitis, and HIV-associated thrombocytopenia
may increase hemorrhage risk. Because HIV testing is not
routine in patients with acute ischemic stroke, effective assessment within a short time frame is helpful for deciding
whether to give thrombolysis. For our patient, the negative
CTA imaging and the low NIHSS score minimized the possibility of hemorrhage risk. The patient did not suffer
hemorrhagic transformation, as confirmed by his later brain
MRI examination. However, physicians should also be
aware of that increase intracranial hemorrhage risk exists in
the condition of HIV infection, thus patients should be selected carefully before thrombolysis.
In conclusion, for the first time, we report a case of
IV-rtPA use, guided by multimodal CT images, in a
HIV-infected young man suffering from presumed acute
ischemic stroke. It is important that HIV infection be
considered in young adult stroke patients; multimodal
CT is an effective and helpful examination tool for acute
management of young stroke patents.
Abbreviations
ACL-IgG: Anticardiolipin immunoglobulin G; aPL: Antiphospholipid; CBF: Relatively
preserved cerebral blood flow; CBV: Cerebral blood volume; CSF: Cerebrospinal
fluid; CT: Computed tomography; CTA: Computed tomography angiography;
CTP: Computed tomography perfusion; DWI: Diffusion weighted image;
EEG: Electroencephalogram; HIV: Human immunodeficiency virus; IVrtPA: Intravenous recombinant tissue plasminogen activator;
MRI: Magnetic resonance imaging; MTT: Mean transit time;
NECT: Nonenhanced CT; NIHSS: National Institutes of Health Stroke Scale;
TIA: Transient ischemia attack; TTP: Time-to-peak; WBC: White blood cell; β2GP1- IgG: β2 glycoprotein I immunoglobulin G
Acknowledgements
The authors wish to thank the patient for participating in this study. We also
thank Dr. Min Yuan for their help in the case discussion.
Funding
This work was supported by the Zhejiang province education department
scientific research projects(NO:Y201430731) and the key science and technology
project of Pujiang county, Zhejiang Province(NO.18 W09).
Availability of data and materials
The data that support the findings of this study are available from the
corresponding author (P.L) upon reasonable request.

Page 4 of 5

Authors’ contributions
PL, MW and XYZ drafted the manuscript and figures; NZ and CYC analyzed
and interpreted histological data; BX analyzed and interpreted the cerebral
imaging; PL revised the manuscript and gave the final approval of the
version to be published. All authors contributed to the discussion, writing and
reviewing the manuscript and all authors have approved the final manuscript.
Ethics approval and consent to participate
The study protocol was approved by the Institutional Review Board of First
Affiliated Hospital, Zhejiang University School of Medicine.
Consent for publication
Written informed consent was obtained from the patient for publication of
this case report. A copy of written consent is available for review by the
Editor of this journal.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Neurology, First Affiliated Hospital, School of Medicine,
Zhejiang University, 79 Qingchun Road, Hangzhou 310003, China.
2
Department of Neurology, Pujiang People’s Hospital, Pujiang, Jinhua 322200,
China. 3Department of Neurology, the First People’s Hospital of Wenling,
Wenling, Taizhou 317500, China. 4Department of Radiology, First Affiliated
Hospital, School of Medicine, Zhejiang University, 79 Qingchun Road,
Hangzhou 310003, China.
Received: 18 June 2018 Accepted: 23 August 2018

References
1. Singhal AB, Biller J, Elkind MS, Fullerton HJ, Jauch EC, Kittner SJ, Levine DA,
Levine SR. Recognition and management of stroke in young adults and
adolescents. Neurology. 2013;81(12):1089–97.
2. AbdelRazek MA, Gutierrez J, Mampre D, Cervantes-Arslanian A, Ormseth C,
Haussen D, Thakur KT, Lyons JL, Smith BR, O'Connor O, et al. Intravenous
thrombolysis for stroke and presumed stroke in human immunodeficiency
virus-infected adults: a retrospective. Multicenter US Study Stroke. 2018;
49(1):228–31.
3. Gutierrez J, Albuquerque A, Falzon L. HIV infection as vascular risk: a
systematic review of the literature and meta-analysis. PLoS One. 2017;
12(5):e176686.
4. Tomandl BF, Klotz E, Handschu R, Stemper B, Reinhardt F, Huk WJ, Eberhardt KE,
Fateh-Moghadam S. Comprehensive imaging of ischemic stroke with
multisection CT. Radiographics. 2003;23(3):565–92.
5. Espinosa DRM, Parrilla G, Manzano-Fernandez S, Garcia-Villalba B, Zamarro J,
Hernandez-Fernandez F, Sanchez-Vizcaino C, Carreon E, Morales A, Moreno A.
Combined multimodal computed tomography score correlates with futile
recanalization after Thrombectomy in patients with acute stroke. Stroke. 2015;
46(9):2517–22.
6. Barlinn K, Seibt J, Engellandt K, Gerber J, Puetz V, Kepplinger J, Wunderlich O,
Pallesen LP, Bodechtel U, Koch R, et al. Multimodal computed tomography
based definition of cerebral imaging profiles for acute stroke reperfusion
therapy (CT-DEFINE): results of a prospective observational study. Clin
Neuroradiol. 2015;25(4):403–10.
7. Wintermark M, Flanders AE, Velthuis B, Meuli R, van Leeuwen M, Goldsher D,
Pineda C, Serena J, van der Schaaf I, Waaijer A, et al. Perfusion-CT assessment of
infarct core and penumbra: receiver operating characteristic curve analysis in 130
patients suspected of acute hemispheric stroke. Stroke. 2006;37(4):979–85.
8. Uchino K, Massaro L, Hammer MD. Transient ischemic attack after tissue
plasminogen activator: aborted stroke or unnecessary stroke therapy?
Cerebrovasc Dis. 2010;29(1):57–61.
9. Benjamin L, Khoo S. HIV infection and stroke. Handb Clin Neurol. 2018;152:
187–200.

Liu et al. BMC Infectious Diseases (2018) 18:434

10. Benjamin LA, Bryer A, Emsley HC, Khoo S, Solomon T, Connor MD. HIV
infection and stroke: current perspectives and future directions. Lancet
Neurol. 2012;11(10):878–90.
11. Love PE, Santoro SA. Antiphospholipid antibodies: anticardiolipin and the
lupus anticoagulant in systemic lupus erythematosus (SLE) and in non-SLE
disorders. Prevalence and clinical significance. Ann Intern Med. 1990;112(9):
682–98.
12. Santos JL, Cruz I, Martin HF, Albarran C, Gonzalez MJ, Martin LC. Recurrent
coronary thrombosis, factor V Leiden, primary antiphospholipid syndrome
and HIV. Rev Esp Cardiol. 2004;57(10):997–9.
13. Gorczyca I, Stanek M, Podlasin B, Furmanek M, Pniewski J. Recurrent cerebral
infarcts as the first manifestation of infection with the HIV virus. Folla
Neuropathol. 2005;43(1):45–9.
14. Lee SS, Cho ML, Joo YS, Kim WU, Hong YS, Min JK, Lee SH, Park SH, Cho CS,
Kim HY. Isotypes of anti-beta2-glycoprotein I antibodies: association with
thrombosis in patients with systemic lupus erythematosus. J Rheumatol.
2001;28(3):520–4.
15. Staub HL, Franck M, Ranzolin A, Norman GL, Iverson GM, von Muhlen CA.
IgA antibodies to beta2-glycoprotein I and atherosclerosis. Autoimmun Rev.
2006;6(2):104–6.
16. Murthy V, Willis R, Romay-Penabad Z, Ruiz-Limon P, Martinez-Martinez LA,
Jatwani S, Jajoria P, Seif A, Alarcon GS, Papalardo E, et al. Value of isolated
IgA anti-beta2 -glycoprotein I positivity in the diagnosis of the antiphospholipid
syndrome. Arthritis Rheum. 2013;65(12):3186–93.
17. Staub HL, Norman GL, Crowther T, Da CV, Polanczyk A, Bohn JM, Fernandes
JG, Chahade WH, von Muhlen CA: Antibodies to the atherosclerotic plaque
components beta2-glycoprotein I and heat-shock proteins as risk factors for
acute cerebral ischemia. Arq Neuropsiquiatr 2003, 61(3B):757–763.
18. Tortosa C, Cabrera-Marante O, Serrano M, Martinez-Flores JA, Perez D, Lora D,
Morillas L, Paz-Artal E, Morales JM, Pleguezuelo D, et al. Incidence of
thromboembolic events in asymptomatic carriers of IgA anti ss2
glycoprotein-I antibodies. PLoS One. 2017;12(7):e178889.
19. Rubbert A, Bock E, Schwab J, Marienhagen J, Nusslein H, Wolf F, Kalden JR.
Anticardiolipin antibodies in HIV infection: association with cerebral perfusion
defects as detected by 99mTc-HMPAO SPECT. Clin Exp Immunol. 1994;98(3):
361–8.
20. Chow FC, He W, Bacchetti P, Regan S, Feske SK, Meigs JB, Grinspoon SK,
Triant VA. Elevated rates of intracerebral hemorrhage in individuals from a
US clinical care HIV cohort. Neurology. 2014;83(19):1705–11.
21. Durand M, Sheehy O, Baril JG, LeLorier J, Tremblay CL. Risk of spontaneous
intracranial hemorrhage in HIV-infected individuals: a population-based
cohort study. J Stroke Cerebrovasc Dis. 2013;22(7):e34–41.

Page 5 of 5

