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Ischemic Stroke due to Virolog
ically-Confirmed Varicella Zoster
Virus Vasculopathy: A Case Series
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Background: Limited data are available regarding the characteristics and prognosis
of patients with stroke due to varicella zoster virus (VZV) vasculopathy. Methods:
We studied 4 patients (2 men and 2 women; age, 38-63 years) from a single center
who developed acute ischemic stroke due to VZV vasculopathy. The virological
diagnosis was confirmed by detecting VZV DNA and/or the IgG antibody to VZV
in the cerebrospinal fluid. Results: Three patients were taking immunosuppressive
agents, including prednisolone and/or methotrexate, at baseline. Each patient had
a characteristic skin rash prior to stroke, with the interval from rash to stroke onset
ranging from 13 to 122 days. Two patients experienced antecedent cranial nerve
palsies; one had the third, seventh, ninth, and 10th nerve palsies and the other had
the fourth nerve palsy before stroke. Cerebral infarctions were located in the ante-
rior circulation lesion (n = 1), in the posterior circulation lesion (n = 2), and in both
lesions (n = 1). Intracranial arterial stenosis was only identified in one patient on
magnetic resonance angiography. A high plasma d-dimer level was detected in 1
patient, whereas high b-thromboglobulin and platelet factor 4 levels were detected
in 2 patients. As a result of combined therapies with acyclovir, steroid, and antith-
rombotic agents, neurological symptoms markedly improved in 3 patients, whereas
1 patient was left with moderate hemiplegia. Conclusions: Cranial nerve palsies may
be prodromal symptoms of VZV-associated stroke. Increased levels of thrombotic
markers may support the use of antithrombotic agents, although the benefit of com-
bined treatment should be determined through larger studies.
Key Words: Antithrombotic therapy—cranial nerve—ischemic stroke—varicella-
zoster virus—vasculopathy
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Introduction

Varicella-zoster virus (VZV), a human neurotropic
alphaherpesvirus, causes varicella (i.e., chickenpox) on
primary infection, and then becomes latent in ganglionic
neurons.1 Years later, VZV can reactivate in the context of
a decline in cell-mediated immunity of a virus host, mani-
festing as herpes zoster (i.e., shingles). Herpes zoster may
be followed by postherpetic neuralgia, as well as various
other neurologic complications such as Guillain-Barr�e
syndrome, aseptic meningitis, myelitis, and cranial nerve
palsies (e.g., Ramsay-Hunt syndrome, optic neuritis),
especially in elderly or immunocompromized individu-
als.2-4 Less commonly, ischemic and hemorrhagic strokes
can occur secondary to VZV vasculopathy produced by
direct VZV infiltration of cranial arteries.5 VZV vasculop-
athy needs to be recognized as an important modern
cause of cerebrovascular disease, given the projected
), 2018:&&�&& 1
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increase of aged and immunocompromized patients (e.g.,
those with cancer, diabetes, acquired immune deficiency
syndrome, or those treated with various types of immu-
nosuppressive agents). To date, however, there is a rela-
tive paucity of knowledge concerning VZV-associated
stroke in terms of clinical characteristics and prognosis,
since rarity of the disorder may have hindered large-sam-
ple studies. Moreover, treatment and prevention strate-
gies are yet to be established because of a lack of
controlled trials.5 Therefore, an accumulation of cases is
necessary for a better understanding of this disorder and
guiding optimal management. Here, we report a single-
center experience of 4 patients who had ischemic stroke
due to virologically-verified VZV vasculopathy.
Materials and Methods

The study protocol was approved by the ethics commit-
tee of our hospital (no. 3031 and 2955R). We retrospec-
tively reviewed our single-center registry of consecutive
patients with acute ischemic stroke who had been hospi-
talized between April 2009 and January 2018, and identi-
fied 4 patients (2 men and 2 women; age range, 38-63
years) with stroke due to VZV vasculopathy. We
described clinical features, laboratory and radiological
examination findings, treatment, and functional out-
comes. VZV infection was verified through detecting
VZV DNA by polymerase chain reaction (PCR) and/or
the anti-VZV IgG antibody by means of an enzyme
immune assay in the cerebrospinal fluid (CSF).5,6 Ischemic
stroke was diagnosed based on neurologic observations
and magnetic resonance imaging (MRI) findings.
Results

Demographics, key clinical and examination findings,
treatment, and the functional prognosis of the 4 patients
are summarized in Table 1.

Patients

Case 1

A 63-year-old woman, who had been treated with oral
prednisolone and methotrexate for rheumatoid arthritis,
presented with a sudden onset of right oculomotor nerve
palsy (i.e., ophthalmoplegia, ptosis, and dilation of the
pupil with sluggish light reflex). The following day, she
developed right facial nerve palsy, hoarseness, and dys-
phagia. The left-sided gag reflex was markedly decreased,
and paralysis of the left vocal cord was confirmed with
direct laryngoscopy, which suggested glossopharyngeal
and vagus nerve palsies. A brain MRI and magnetic reso-
nance angiography (MRA) were unremarkable. Routine
laboratory tests showed no abnormalities except for a
high plasma d-dimer level of 2.9 mg/mL. The CSF con-
tained 24 lymphocytes/mm3 and 91 mg/dL of protein,
whereas intrathecal IgG production was not increased.
We started administering intravenous methylpredniso-
lone 1 g/day for 3 days initially. Later, both VZV DNA
and VZV IgG (9.8 optical density [OD]) were found to be
positive in her CSF, and we added intravenous acyclovir
10 mg/kg3 times daily for 14 days. On the day that we
started acyclovir therapy (i.e., 15 and 14 days later from
the onset of oculomotor nerve palsy and facial nerve
palsy, respectively), herpes zoster appeared on her right
leg and buttock (L2 and L5 myelomere lesions).
Thirteen days after the rash had appeared, she devel-

oped left hemiplegia. A diffusion-weighted MRI showed
multiple acute brain infarctions (Fig 1, A-D). The plasma
d-dimer level had increased to 13.0 mg/mL. We started a
continuous infusion of heparin; however, asymptomatic
brain infarctions newly appeared on the follow-up MRI at
1 month (Fig 1, E and F). In addition, there was a marked
increase in the intrathecal inflammatory response to 153
mg/dL protein and an IgG index of 2.19, whereas the
VZV DNA was negative. Therefore, we added a further 2
courses of high-dose methylprednisolone therapy. Sys-
temic examinations to detect malignancies were per-
formed, and all results were negative. The cranial nerve
palsies gradually improved, although moderate hemiple-
gia persisted. This patient was transferred to a rehabilita-
tion center 73 days after the initial stroke event, with a
modified Rankin Scale score of 3.
Case 2

A 51-year-old man with a 10-year history of poorly-con-
trolled diabetes mellitus was admitted to our department
because of dysarthria, dysphagia, left limb ataxia, and
thermal hypoesthesia on the right side of his body.
Twenty-four days prior to admission, he had consulted a
dermatologist, presenting with fever and vesicular erup-
tions on the left side of his head. He was immediately pre-
scribed oral acyclovir for 3 days, for a suspected diagnosis
of herpes zoster, and his symptoms improved at once. On
admission, a diffusion-weighted MRI revealed an acute
infarction in the left lateral medulla (Fig 2) with no abnor-
malities seen in the cranial arteries on MRA. Laboratory
tests revealed a leukocyte count of 11.3£ 103/L, and a
glycated hemoglobin (HbA1c) level of 7.8%. Blood coagu-
lation tests showed high b-thromboglobulin and platelet
factor 4 (PF4) levels of 132 ng/mL and 45 ng/mL, respec-
tively, whereas the d-dimer level was normal. The CSF
contained 18 cells/mm3 (16 [88.9%] lymphocytes) and 48
mg/dL of protein. An enzyme immune assay of the CSF
revealed IgG antibodies to VZV at a level of 14.0 OD, but
PCR for VZV DNA was negative. He promptly under-
went treatment with intravenous acyclovir 10 mg/kg3

times daily for 14 days, as well as argatroban and oral clo-
pidogrel. Within 2 weeks, the neurological deficits had
completely recovered and he was discharged 22 days after
the stroke onset. He has not experienced a recurrent stroke
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in more than 3 years since the start of clopidogrel mono-
therapy.
Case 3

A 38-year-old man, who had been treated for systemic
lupus erythematosus (SLE) with prednisolone, methotrex-
ate, tacrolimus, and hydroxychloroquine sulfate, devel-
oped fever, nausea, and headache. Four days later, he
noted a skin rash on his left arm. With deterioration of his
symptoms, he consulted a primary physician and began
oral acyclovir therapy for suspected VZV meningitis.
Four days after the initiation of the antiviral treatment, he
noticed diplopia when rising and was admitted to our
department. Neurological examinations revealed a right-
sided trochlear nerve palsy. A CSF analysis revealed lym-
phocytic pleocytosis (246 cells/mm3, 191 [77.6%] lympho-
cytes), an increased level of protein (328 mg/dL) with a
high IgG index (0.78). VZV DNA was negative by PCR,
but VZV IgG antibody was positive at a level of 67.9 OD.
He was immediately treated with intravenous acyclovir
10 mg/kg3 times daily for 14 days, and the ophthalmople-
gia completely disappeared. He was discharged without
any neurological deficits.
Approximately 4 months after the first symptoms (i.e.,

122 and 118 days from skin rash and diplopia, respec-
tively), he presented with an abrupt onset of dysarthria
and left ataxic hemiparesis. A diffusion-weighted MRI of
the brain demonstrated a high-intensity lesion in the right
ventral pons (Fig 3, A), which showed no contrast
enhancement on postgadolinium T1-weighted imaging
(Fig 3, B). A brain MRA demonstrated a mild stenosis in
the proximal segment of the basilar artery that was not
seen at the time of prior hospitalization (Fig 3, C). Routine
blood tests, including a complete blood cell count, bio-
chemistry, and coagulation markers, showed no abnor-
malities. The CSF contained 12 cells/mm3 (10 [83.3%]
lymphocytes) and 99 mg/dL of protein. Anti-VZV IgG
was still detected (65.2 OD), whereas amplifiable VZV
DNA was not present. There appeared to be no evidence
of an acute exacerbation of the SLE in terms of clinical and
laboratory markers. He was treated with oral aspirin 100
mg/day, intravenous acyclovir 10 mg/kg3 times daily for
14 days, and intravenous methylprednisolone 1 g/day for
3 days. Nineteen days after admission, he was discharged
having fully recovered. Because the basilar artery stenosis
did not change on follow-up MRAs, he was prescribed
aspirin for secondary prevention.
Case 4

A 54-year-old woman taking methotrexate for rheuma-
toid arthritis and Sj€ogren's syndrome was admitted to our
department because of sudden dysarthria and weakness
of the right side of the face, arm, and leg. Thirty-three
days earlier, she had experienced herpes zoster in the



Figure 1. Diffusion-weighted MRI in Case 1. Diffusion-weighted MRI
revealed acute multiple infarcts (A-D). Follow-up MRI at one month
revealed new lesions (E, F). MRI indicates magnetic resonance imaging.
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ophthalmic division of the left trigeminal nerve and had
received intravenous acyclovir 10 mg/kg3 times daily for
8 days. Since then, she had complained of occasional nau-
sea and vomiting but she denied fever, chills, headache,
or neck stiffness. On admission, a diffusion-weighted MRI
demonstrated an acute infarct in the left lenticulostriate
artery territory (Fig 4, A-D). There were no stenotic lesions
in the cranial large arteries observed on MRA. The blood
Figure 2. Diffusion-weighted MRI in Case 2. Diffusion-weighted MRI on
admission revealed an acute infarct in the left lateral medulla. MRI indicates
magnetic resonance imaging.
cell count and biochemistry findings were unremarkable.
Plasma b-thromboglobulin and PF4 were increased at a
level of 136 ng/mL and 55 ng/mL, respectively, whereas
the d-dimer level was within the normal range. A CSF
analysis revealed a mild lymphocytic pleocytosis (17
cells/mm3, 94.1% lymphocytes), a slightly positive VZV
IgG antibody at a level of 0.92 OD, and negative VZV
DNA. She was treated with intravenous argatroban, oral
clopidogrel, and aspirin. There was a gradual improve-
ment in speech and motor function during the hospitaliza-
tion period, and she became able to walk without
assistance. She was transferred to a rehabilitation center
54 days after admission with a modified Rankin Scale
score of 2.
Discussion

This study reviewed our single-center experience of 4
patients with acute ischemic stroke due to VZV vasculop-
athy. The diagnoses were confirmed through CSF evalua-
tions that revealed positive VZV DNA and/or VZV IgG.
All 4 patients were immunocompromised, which should
have led to the reactivation of VZV. Of particular note, 2
of the 4 patients had a diagnosis of rheumatoid arthritis
and had been treated with methotrexate and/or predniso-
lone. In addition, one patient was also being treated with
prednisolone and methotrexate for SLE. Such back-
grounds appear to be comparable with results of a previ-
ous nation-wide study in Taiwan that reported a
Figure 3. MRI and MRA in Case 3. Diffusion-weighted MRI revealed a
high-intensity lesion in the right ventral pons (A). The lesion showed no
contrast enhancement on post-gadolinium T1-wieghted imaging (B). MRA
demonstrated a mild stenosis in the proximal segment of basilar artery (C).
MRI indicates magnetic resonance imaging; MRA, magnetic resonance
angiography.



Figure 4. Diffusion-weighted MRI in Case 4. Diffusion-weighted MRI
revealed an acute infarct in the left lenticulostriate artery territory (A-D).
MRI indicates magnetic resonance imaging.
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significantly elevated 2.53- and 2.30-fold risk of herpes
zoster and related stroke in rheumatoid arthritis patients,
respectively, than in the general population.7 Further-
more, a significant association between the use of prednis-
olone or methotrexate and the herpes zoster risk was
shown to be dose-dependent. Therefore, careful monitor-
ing may be needed, particularly for patients with rheuma-
toid arthritis who are taking specific immunosuppressive
agents in high doses.
In our case series, each stroke was preceded by a char-

acteristic skin rash. The interval from rash to stroke was
between 2 weeks and 4 months, which was largely consis-
tent with prior reports. According to the largest case study
series to date that included 30 virologically-verified
patients, the mean interval was 4.1 months.8 Additionally,
that study also reported that 37% of patients lacked ante-
cedent rash before developing stroke. In such circumstan-
ces, a diagnosis would not be made unless physicians
actively suspected the possibility of VZV vasculopathy
and conducted CSF examinations. Therefore, some
patients with VZV-related stroke might have been over-
looked in our study, and possibly in most of the prior case
studies, since it is not considered feasible to conduct lum-
bar punctures on all stroke patients. Several population-
based surveys have demonstrated that VZV infection is a
strong risk factor for future stroke, with a 1.02- to 4.52-
fold increased risk.9 This may imply that VZV vasculop-
athy is more common than expected as a cause of stroke,
although direct associations of VZV reactivation with
stroke have not been virologically or histologically proven
in these large-sample studies.
Previous histological studies indicated that direct infil-

tration of the VZV into vessel walls is the main pathogen-
esis of VZV vasculopathy.10-12 The VZV can be found in
the adventitia in the early phase of infection and in the
media and intima later,10 suggesting that the VZV infil-
trates transmurally from the adventitia to the intima, pre-
sumably after transaxonal spread to the artery from
ganglia. Through measuring substance P concentrations
in animal experiments, Saito and Moskowitz demon-
strated that cervical dorsal roots and trigeminal ganglia
send axonal projections to both cerebral anterior and pos-
terior arteries.13 If a similar anatomy exists in humans, the
spread of the virus from ganglia to multiple arteries could
be explained. Indeed, an autopsy study revealed patchy
distributions of viral antigen from one artery to another,11

as with our Case 1. In addition, in immunocompromized
patients, VZV has been found to more often involve small
arteries, rather than large arteries.2 This may be compara-
ble with observations from our series that significant ste-
nosis of large arteries was found in only 25% (1/4) of
immunocompromised patients on MRA.
It is worth noting that 2 of 4 strokes followed cranial

nerve palsies. Cases 1 and 3 experienced third, seventh,
ninth and 10th nerve palsies and a fourth nerve palsy
before developing stroke, respectively. Cranial neuropa-
thies after herpes zoster infection are not rare, but the
underlying mechanisms have not been fully understood.5

Zoster ophthalmicus14 and oticus15 often affect cranial
nerves in the proximities through a direct infiltration of
VZV. There is also a possibility that immune-mediated
mechanisms as seen in Guillain-Barr�e syndrome are
responsible for cranial nerve palsies.16 Furthermore, cra-
nial neuropathies, particularly when multiple, can be sec-
ondary to vasculopathy.5 It is known that 3 arterial
systems play a role in the vascularization of cranial
nerves: the inferolateral trunk from the internal carotid
artery supplying cranial nerves III, IV, V1, and VI; the
middle meningeal system from the external carotid artery
supplying nerves V2, V3, and VII; and the ascending pha-
ryngeal system from the external carotid artery supplying
nerves IX, X, XI, and XII.17 Although no definitive mecha-
nism could be identified for our patients, temporal associ-
ations (i.e., followed by stroke) may support a vascular
pathology. At the very least, cranial neuropathies after
herpes zoster infection may be important prodromal
symptoms of stroke due to VZV vasculopathy.
Optimal treatments of VZV vasculopathy remain to be

established. Patients in previous descriptive studies have
usually been treated with intravenous acyclovir, and with
steroid therapy simultaneously, in most cases.5,18 Infected
arteries typically show inflammatory responses in histo-
logical evaluations,10,11 supporting the use of steroid ther-
apy. The effect of treatment appears to vary widely
depending on patient backgrounds.8 Acquired immune



ARTICLE IN PRESS

6 T. HOSHINO ET AL.
deficiency syndrome,18 adalimumab (a tumor necrosis
factor a antagonist) use,19 or fingolimod use20 may be
associated with poor outcomes. Despite antithrombotic
agents not having been used in most previously-reported
cases, we decided to start anticoagulant and/or antiplate-
let therapies from the acute phase for all patients, based
on the elevated markers of thrombogenesis (i.e., d-dimer)
and platelet activation (i.e., b-thromboglobulin and PF4).
Our choice of treatment is also supported by findings
from a previous pathological study that demonstrated in
situ thrombosis of the occluded arteries in VZV vasculop-
athy.21 The pattern of increased thrombotic markers dif-
fered in each patient. A high d-dimer level and normal
b-thromboglobulin/PF4 levels were found in Case 1,
whereas a normal d-dimer level and high b-thromboglo-
bulin/PF4 levels were found in Cases 2 and 4. These var-
iations may reflect a difference in the process of thrombus
formation between the patients, and should possibly be
taken into account during antithrombotic agent selection
and use. As a result of antiviral, steroidal, and antithrom-
botic therapies, stroke symptoms had been maximal at
onset and almost resolved at 3 months. A larger number
of such patients are warranted to better determine the
benefits of the combined treatment in terms of acute man-
agement and long-term secondary prevention.
Conclusions

Clinicians should be aware of VZV vasculopathy as a
potential stroke etiology in immunocompromized
patients following herpes zoster infection, especially in
those taking methotrexate. Also, neurologists who treat
stroke patients need to check the history of VZV infection
and consider diagnostic lumbar puncture in high-risk
patients. Cranial nerve palsies may be prodromal symp-
toms of VZV-associated stroke. Thrombotic markers,
including d-dimer, b-thromboglobulin, or PF4, are often
increased, which helps to identify the mechanism of
thrombus formation and may promote the use of acute
antithrombotic therapy. The combined use of acyclovir,
steroid therapy, and antithrombotic agents could be a pre-
ferred treatment for VZV-related stroke, although further
controlled trials are needed to verify this.
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