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Introduction

Post-varicella arterial ischemic stroke (AIS) is a rare but 
serious complication of varicella zoster virus (VZV) infection, 
with an estimated incidence of 1/15,000 children per year, 
and high risk of lifelong disability and increased mortality (1). 
Both in children and adults, the clinical diagnosis is based on 
neurological symptoms and signs due to AIS associated with 
a history of chickenpox or herpes zoster infection during the 
previous year, once other major causes for AIS are excluded 

(2-4). Of note, this diagnosis is often challenging since 
previous VZV rash may be absent in 30% of patients (5,6). 
Moreover, VZV DNA in cerebrospinal fluid (CSF) is positive 
in only 30% of subjects with VZV stroke, underlying that a 
negative PCR result does not exclude this diagnosis (5). The 
detection of anti-VZV IgG antibody in the CSF is the most 
sensitive diagnostic test, particularly when combined with 
demonstration of intrathecal synthesis (5-7). Qualitatively, 
the serum/CSF ratio of anti-VZV IgG antibody is compared 

with the serum/CSF ratio of albumin and total IgG, 
with a reduction of the former compared with the latter 
representing a positive result (8,9). A more quantitative 
assessment of intrathecal synthesis, the antibody index, has 
been described by Reiber and Lange: (CSF VZV IgG/serum 
VZV IgG)/(CSF total IgG or albumin/serum total IgG or 
albumin). An antibody index ≥1.5 is considered as positive (8).

The underlying mechanism of VZV-associated AIS is 
not entirely clarified. Viral markers have been identified in 
patients’ CSF as well as viral DNA, antigens and particles 
in the wall of affected arteries (7). These findings support 
the hypothesis of a direct VZV arterial infection associated 
with variable indirect inflammatory responses (6), after 
transaxonal viral migration from the cranial nerve ganglia 
to the cerebral arterial walls (2). Indeed, inflammatory focal 
cerebral arteriopathy is the most common cerebrovascular 
manifestation attributed to VZV (10), classically involving 
the proximal middle cerebral artery (MCA) and/or other 
medium-sized vessels such as the terminal internal carotid 
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artery and proximal anterior cerebral artery, with typical 
focal irregular narrowing and banding of the affected 
vessel. Multifocal small vessel vasculopathy has also been 
attributed to VZV infection in both immunocompetent 
and immunocompromised hosts (11). This vasculopathy 
has usually a monophasic course with possible progression 
within the first 6 months, followed by spontaneous 
regression, improvement or stabilization (2,3,11,12).

Despite most of the cases present within 12 months 
following the primary VZV infection, a longer latency has 
been occasionally described (13). We report acute hemi-
chorea as unusual presentation of a thalamic stroke in a 
child, seven months after a VZV infection, followed by a 
late-onset asymptomatic post-VZV angiopathy, two years 
after the VZV infection, successfully treated with steroids 
and acyclovir.

Case presentation

A 6-years-old girl presented with sudden onset of right 
hemichorea seven months after VZV infection (chickenpox). 
Mild difficulties in drawing and riding the bike were 
reported in the previous days, while there was no history 
of recent head trauma, headaches or even minor infections. 
Birth, family, and social histories were unremarkable, except 
for the presence of prothrombin heterozygous mutation 
G20210A (factor II) in two maternal cousins and one aunt. 
The patient was only vaccinated with inactivated vaccines, 
since parents had refused the recommended vaccinations 
with attenuated virus vaccines. Neurological examination 
revealed repetitive, involuntary, irregular, purposeless, 
and non-rhythmic movements of the right upper and 
inferior limbs. Brain computed tomography (CT) scan 
showed a focal hypodensity in the left thalamus (Figure 1A).  
An urgent brain magnetic resonance (MR) and MR 
angiography (MRA) were performed on a 1.5T scanner 
(Siemens Avanto, Erlangen, Germany), revealing an early 
subacute ischemic infarct in the superior mesial portion 
of the thalamus, in the posterior cerebral artery territory, 
without signs of focal cerebral arteriopathy on MRA 
(Figure 1B,C,D,E). The patient underwent an extensive 
screening for plasmatic thrombophilia (plasma levels of 
protein C, protein S, antithrombin, Lupus Anticoagulant, 
and antiphospholipid antibodies), autoimmune conditions 
(plasmatic immunoglobulins, complement, anti-nuclear 
antibodies) and infections (serology for Cytomegalovirus, 
Herpes Simplex virus, Parvovirus B19, Epstein Barr virus 
and VZV). All tests turned out to be negative, except for 

positive plasmatic EBV and VZV IgG (Delta Biologicals 
ELISA kit), consistent with previous infection. A throat 
swab revealed a group A beta-hemolytic streptococcus. 
Genetic test for molecular thrombophilia showed a 
heterozygous prothrombin mutation G20210A, whereas 
no mutations of the Factor V Leiden were present. 
Cardiological evaluation, ECG and transthoracic contrast 
echocardiography were normal. Antiplatelet therapy with 
a 5 mg/kg/day dose of acetylsalicylic acid was started, with 
complete resolution of neurological symptoms.

The patient was referred to our Institute 4 months later 
for a second opinion. The neurological examination was 
normal. Brain MRI performed on a 3T MR scanner (Ingenia 
CX, Philips, Best, The Netherlands) using a 32-channel 
head array coil showed chronic evolution of the thalamic 
ischemic lesion with normal MRA (Figure 2). Considering 
her clinical history, according to the diagnostic criteria 
proposed by Lanthier (3), we suspected a post-varicella AIS 
and we recommended therapy with acetylsalicylic acid for 
2 years. One year later, a follow-up brain MRI and MR 
angiography, performed with the same 3T MR scanner 
when the patient was completely asymptomatic, revealed a 
focal stenosis at the origin of one sylvian branch of the left 
MCA with vessel wall contrast enhancement and slightly 
reduced distal flow signal (Figure 3A,B,C). No new ischemic 
lesions nor other arterial stenosis were identified. The 
neurological examination and 20-minute standard interictal 
EEG, performed with digital 10–20 International System 
(EBNeuro, Galileo System, EB Neuro S.p.A Florence, 
Italy) were normal. The neurocognitive evaluation showed 
no impairment on visual attention and executive functions 
(working memory, inhibition and cognitive flexibility). Her 
performances were within or slightly above the average 
range at Numerical Stroop (14), Inhibition (15), Trail 
Making Test (16) and Cancellation (17). Working memory 
capacity, assessed with backward digit span (18) and an 
experimental dual-task word span test (19), was above the 
average range. The non-verbal cognitive functioning was 
measured with the Coloured Progressive Matrices (20) 
and it was above the average range for age (score: 99° 
percentile; IQ class: range, 125–135). At the parent-report 
questionnaires (14,21), used to assess socio-emotional and 
behavioral problems, she showed no significant impairment.

CSF examination revealed no pleocytosis, negative 
VZV-PCR but intrathecal VZV antibodies synthesis 
with an elevated antibody index. The diagnosis of late 
recurrent post varicella Arteriopathy (PVA) was therefore 
made and steroidal treatment with iv methylprednisolone  



465Quantitative Imaging in Medicine and Surgery, Vol 11, No 1 January 2021

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2021;11(1):463-471 | http://dx.doi.org/10.21037/qims-20-628

B

ED

CA

Figure 1 Head CT, brain MRI and MR angiography (MRA) at clinical onset. (A) Axial head CT image reveals a small hypodense lesion in 
the left medial thalamus (arrow); (B) Corresponding axial FLAIR image and (C) coronal T2-weighted image show a hyperintense lesion 
consistent with an early subacute ischemic infarct in the territory of perforating arteries from the posterior cerebral artery (arrows); (D,E) 
3D TOF MRA images reveal absence of focal cerebral arteriopathy. In particular, there is no visible stenosis at the level of the left posterior 
cerebral artery and the left middle cerebral artery (MCA) is normal.

2 mg/kg/day, later switched to oral prednisone, was started 
as well as antiviral therapy with iv acyclovir 10 mg/kg ×  
3/day. The patient had a negative personal medical history 
for frequent and/or severe infections or other signs of 
immune deficiency symptoms. Moreover, laboratory testing 
did not show immunological changes. Pathogenetic variants 
associated with susceptibility to brain VZV infections in the 
RNA Polymerase III subunit C (POLR3C), A (POLR3A) 
and F (POLR3F) genes were ruled out (22-25) via targeted 
Next Generation Sequencing panel and Sanger Sequencing. 
Finally, a NGS panel including 15 genes was performed to 
exclude the more frequent monogenetic causes of stroke in 
children (26,27). In particular, considered the involvement 
of posterior circulation at clinical onset, pathogenic variants 

in the ADA2 gene, encoding the adenosine deaminase 2 and 
responsible for a multisystem disease associated with early 
onset recurrent lacunar strokes, were excluded (28).

Follow-up brain MRI and MRA after one month showed 
reduction of the vessel wall contrast enhancement and 
slightly improved flow signal at the level of the MCA branch 
(Figure 3D,E,F). The steroid therapy was thus gradually 
tapered until suspension after 6 months. Oral Acyclovir (20 
mg/kg × 3/day) was withdrawn after steroids, in order to 
prevent viral reactivation due to the immune suppression.

After 6 months, a new brain MRI and MRA revealed 
resolution of vessel wall contrast enhancement but persistent 
mild stenosis at the origin of the left MCA branch, consistent 
with fibrotic evolution of the inflammatory process, resulting 
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Figure 2 Follow-up brain MRI and MRA performed 4 months after clinical onset. (A) axial FLAIR and (B) T2-weighted images 
demonstrate chronic evolution of the thalamic arterial ischemic infarct, with a small residual gliotic lesion (arrows); (C,D) 3D TOF MRA 
images demonstrate normal findings.

in a persistent focal cerebral arteriopathy. At last follow-
up, one year later, the patient was asymptomatic and she 
underwent the same neuropsychological evaluation, showing 
no impairment. Her performance further improved on 
working memory tasks.

Discussion

We reported an atypical case of post-varicella thalamic 
stroke in a 6 years-old girl presenting with hemichorea, 
followed by late-onset inflammatory VZV-related focal 

cerebral arteriopathy detected by high-resolution vessel wall 
MRI and confirmed on cerebrospinal fluid analysis by VZV-
specific antibody index.

Hyperkinetic movement disorders are uncommon in 
acute stroke, with a prevalence of 1% and an estimated 
incidence of 0.08% per year in adults (29). The anatomic 
basis of hemichorea is not related to a single specific 
topographical location and can be due to any lesions 
involving the cortico-striato-pallido-thalamo-cortical 
feedback loop, including the caudate nucleus, putamen, 
thalamus, subthalamus, and subcortical white matter (30). 
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Figure 3 Brain MRI and MRA performed 16 months after clinical onset (A,B,C) and one month later (D,E,F). (A) Axial and (B) sagittal 
black-blood vessel wall images reveal concentric parietal contrast enhancement at the origin of one sylvian branch of the left middle cerebral 
artery (arrows), in keeping with segmental arterial wall inflammation. (C) Coronal oblique 3D MRA view demonstrates a focal stenosis of 
the involved arterial segment (arrowhead). (D) Corresponding axial and (E) sagittal black-blood vessel wall images, performed one month 
later, show marked reduction of the vessel wall contrast enhancement (arrows). (F) Coronal oblique 3D MRA views reveal persistent focal 
stenosis of the middle cerebral artery branch (arrowhead).

Of note, acute-onset chorea in the pediatric population 
is most commonly associated with Sydenham chorea, 
which is a manifestation of acute rheumatic fever, while 
other infectious, metabolic, cardiac and toxic causes are 
less frequent (31). In the present patient, the short latency 
between the clinical onset and streptococcus detected 
on a throat swab in association with clear laterality of 
the extrapyramidal movements were not typical of this 
condition. Moreover, the demonstration of an acute left 
thalamic ischemic stroke on brain MRI was consistent with 
a vascular origin of this extrapyramidal symptom. 

Interestingly, in this patient we detected an inflammatory 
focal cerebral arteriopathy involving the MCA, 24 months 
after the VZV infection and 18 months after a lacunar 
thalamic infarct in the posterior cerebral artery territory 
without visible arteriopathy. According to the literature, 
the risk of stroke is highest in the first six months and 
is considered to significantly decrease 12 months after 
VZV infection. However, there is increasing evidence 
of virologically-confirmed PVA and post-VZV stroke 
after a longer interval from the primary infection (13). In 
particular, anecdotal occurrence of PVA has been described 

up to 4 years after the infection (5,13,32-34). In the present 
patient, the diagnosis of inflammatory focal cerebral 
arteriopathy was made with high resolution vessel wall 
MR imaging, on a routine follow-up, when the patient was 
completely asymptomatic. Even if angiography remains 
the gold standard for the diagnosis of cerebral arterial 
stenosis, it cannot provide information regarding the 
arterial wall. The sensitivity of standard MR angiography 
for PVA does not exceed 70%, with specificity being even 
lower. Therefore, we cannot exclude the presence of a PVA 
involving the posterior cerebral and/or thalamoperforating 
arteries at the time of clinical onset. Of note, although less 
frequently, the posterior circulation may also be affected 
by PVA (35). Recently, the advent of high-resolution vessel 
wall MRI has allowed the depiction of vessel wall contrast 
enhancement in patients with central nervous system 
arteritis, indicating vessel wall inflammation, also due to 
VZV (36,37). As in the present case, cerebral vasculitis 
appears with a concentric, diffuse, and smooth pattern of 
enhancement as opposed to atherosclerotic lesions that are 
extremely infrequent in children and present with eccentric, 
focal, and irregular enhancement. Recommendations 
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regarding the timing of neuroradiological follow-up in 
patients with VZV-related stroke are still lacking. The 
present case suggests that neuroradiological follow-up with 
high resolution vessel wall imaging might be useful for at 
least two years after VZV infection, even in asymptomatic 
patients or when no residual focal cerebral arteriopathy is 
demonstrated at AIS onset. In addition, the more recent 
literature highlights the importance of performing the CSF 
analysis in all patients with pediatric stroke of undefined 
origin (5,9). Indeed, the diagnosis of PVA relies on virologic 
confirmation that detects VZV DNA, anti-VZV IgG 
antibody, or both in the CSF. In particular, the detection of 
anti-VZV IgG antibodies in the CSF has a high sensitivity 
and specificity, and it is therefore a more useful diagnostic 
test than detection of amplifiable VZV DNA (9).

The role of targeted antiviral and/or anti-inflammatory 
steroid therapies in post-VZV AIS is still debated. Indeed, 
there are only few papers reporting the outcome of patients 
treated with antiviral and steroid, and prospective randomized 
studies are still missing (4,34,38-43). Based upon Level 2 class 
of evidence (systemic review of cohort studies and individual 
cohort studies) (6), antiviral therapy with iv acyclovir is 
proposed in VZV-angiopathy for 14–21 days, which may 
be prolonged in immunosuppressed/immunocompromised 
patients in whom recurrence is common (7). In addition, 
steroidal treatment is commonly associated to reduce the 
inflammation related to the VZV-related granulomatous 
arteritis, even if strong evidences and recommendations 
about doses and duration are still lacking (2,38). 

Of note, when the lumbar puncture was performed 
in our patient, the VZV-PCR was negative, but VZV-
specific antibody index in the CSF was highly positive, 
substantiating an intrathecal antibodies synthesis. Thanks 
to the CSF confirmation, we could define the appearance of 
the inflammatory intracranial stenosis in a previously normal 
vascular district, as a late recurrence of PVA. We thus 
decided to implement the 2-year antiplatelet therapy (38),  
adding i.v. steroid (metilprednisolone 2 mg/kg/day) therapy 
for 5 days and i.v. acyclovir (10 mg/kg/three times a day) 
for 14 days. Due to the lack of standardized therapeutic 
protocols in PVA, we monitored the results of the treatment 
using high resolution vessel wall MRI, tapering and then 
stopping the steroid therapy and prophylactic oral acyclovir 
after resolution of vessel wall contrast enhancement. 
Despite high-resolution vessel wall imaging has already 
been used to track the treatment response in PVA (44), its 
potential role as a marker of treatment response in CNS 

vasculitis remains to be explored, due to heterogeneity of 
disease activity and lack of longitudinal studies evaluating 
the course of resolution of vessel wall enhancement with 
and without treatment, also considering the typical self-
limiting course of PVA. 

We speculate that the fact that the antiviral therapy was 
not started during the first AIS episode might have increased 
the risk of recurrence (2). Of note, this girl had no other 
stroke risk factors, except for the presence of prothrombin 
heterozygotes mutation G20210A, detected also in other 
asymptomatic family members, that might have been a 
contributing but not causative factor. Additionally, both 
immunocompetence problems and genetic predisposition 
for PVA and AIS in general were excluded.

Finally, it is important to notice that the present patient 
was only vaccinated with inactivated vaccines, since parents 
had refused the recommended attenuated virus vaccines. 
As showed by the VIPS study (45), undervaccination is a 
risk factor for childhood AIS, and many studies have shown 
the decreasing incidence of stroke due to the universal 
introduction of live attenuated VZV vaccine, that may be 
considered safe in non-immunosuppressed infants (46-49).

In summary, this case report underlies the importance 
to consider AIS as a possible cause of unilateral involuntary 
movements also in children, and demonstrates how lumbar 
puncture with measurements of both VZV DNA copies 
and specific intrathecal antibodies synthesis can be crucial 
to reach the final diagnosis. Moreover, we provide further 
evidence of possible late recurrence of VZV-arteriopathy, 
with potential important consequences for clinical but also 
neuroimaging follow-up in subjects with post-VZV AIS. 
Finally, despite large pediatric studies are still awaited, high 
resolution vessel wall MRI seems to be a promising imaging 
tool not only for depicting arterial wall inflammatory 
changes in PVA, but also to monitor the response to 
antiviral and anti-inflammatory treatment (50). 
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