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INTRODUCTION

Recent data suggest that infection either directly or indirectly plays a major role in the
pathogenesis of childhood AIS. Reports from the VIPS study (Vascular Effects of Infection
in Pediatric Stroke) have emphasised in particular the role of minor clinical infection that
could trigger endothelial injury leading to arterial wall damage and remodelling but the
mechanisms remain largely unknown. [1,2] Along with these results, pediatric stroke
literature in the past two decades has stressed the high prevalence of focal cerebral
arteriopathy (FCA) in childhood ischemic stroke, whose infectious/inflammatory
pathogenesis is strongly suspected. However, apart from the so-called post-varicella
angiopathy, where varicella-zoster virus (VZV) infection can often be demonstrated in the
CSF through PCR or intrathecal antibodies production, infectious agents are rarely identified.
Some authors tend to hypothesize that infection, usually viral, in this context acts only as an
inflammatory trigger in a susceptible child, possibly after mild trauma or in the presence of an
underlying genetic susceptibility.[3,4] Circumstances where a direct infectious cerebral
vasculitis is demonstrated are rare, but well known in the setting, for instance, of bacterial
meningitis, where the associated cerebral vasculitis is thought to arise by contiguity with the
inflamed cerebrospinal fluid (CSF) or via haematogenous spread.[5]

There has been a growing interest in the past decade on the role of tick-borne spirochetes
belonging to theBorrelia burgdorferi (B. burgdorferi) sensu lato group in the aetiology of
various neurological manifestations, especially in endemic regions, such as the major part of
the northern hemisphere, including Switzerland. Lyme disease, the medical condition
associated with symptomatid3. burgdorferi infection, has been clinically well
characterised.[6,7] After being responsible in the initial stage of the disease for systemic and
dermatological symptoms, various early and late neurological manifestations can occur,

designated under the umbrella of Lyme neuroborreliosis (LNB).[8,9] It must be stressed that
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the clinical expression of LNB varies between the European and American forms, in relation to
different genospecies (mostB: burgdorferi sensu stricto in the American LNB andB.

garinii in Europe).[10,11] Cerebrovascular manifestations, reflecting meningovascular
involvement in both early and late LNB, have been essentially documented in European
adults and appear in recent reports to represent a potential cause of stroke in children and
young adults. [12-14]

In this study, we sought as a primary objective to retrospectively identify all children who
suffered from a stroke that can be attributed with confidence to Lyme disease, using the Swiss
NeuroPaediatric Stroke Registry (SNPSR) as a database. The secondary objectives were to
delineate clinical, biological and radiological characteristics that can help the clinician in early

management. This was supplemented by a literature review of similar cases.

METHODS & PATIENTS

SNPSR case analysis

A retrospective review of the Swiss NeuroPaediatric Stroke Registry (SNPSR, a nationwide

registry that was initiated in Switzerland in January 2000), was conducted. The SNPSR has
been approved by the local ethics committee of the University Hospital of Berne, Switzerland,

and by the Swiss authority responsible for public health.

This Registry comprises relevant clinical and radiological data on every single case of

childhood ischemic stroke across Switzerland through regular recalls to hospital-based

pediatric neurologists. The available data on 229 children diagnosed with arterial ischemic

stroke or vasculitis and prospectively enrolled from 2000 to 2015, excluding neonatal arterial

ischemic stroke and cerebral sinus venous thrombosis, were reviewed by two of the authors
(O.M. and J.F.). Among these 229 children, 4 were suspected to have LNB-related

stroke/vasculitis according to reported clinical information (past history of Lyme disease, tick
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bites), indirect biological suggestive feature (predominant lymphocytic meningitis), and/or
serological testing in favour of Lyme disease. Following this first step, the clinical and
radiological files of these four cases were carefully examined. Cases were included in the
study only if the diagnosis of LNB-related cerebrovascular events was supported by at least
two among three conditions following modified guidelines of the European Federation of
Neurological Societies ( EFNS): i) stroke and/or vasculitis without other identified causes , ii)
CSF pleocytosis, iii)B. burgdorferi-specific antibodies intrathecal production.[8] If
necessary, complementary data were obtained by contacting the referring physician or by
reviewing the patient’s full hospital chart. Previous history of erythema migrans (EM) or tick
bites was also recorded. The prevalence of LNB-related pediatric stroke in the studied period
was calculated.

Literaturereview

A thorough literature review within the same time frame (2000-2015) was performed using
the keywords "Lyme", "neuroborreliosis”, "stroke", "vasculitis”, "children”, and "childhood"

in various combinations on common search engines in medical sciences: PubMed, Ovid-
Medline, Science-Direct, Google Scholar and through cross-referencing. We included
relevant case reports, as long as the diagnosis of LNB-related stroke was supported by

substantial clinical and biological evidence.

RESULTS

LNB-related stroke from the SNPSR
In the study period of 16 years (2000-2015), 229 children were registered in the SNPSR with
acute ischemic stroke in Switzerland. Only 4 out of these 229 children could be attributed

with confidence to LNB, giving a prevalence of 1.7% of LNB-related stroke. These four cases
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are presented in detail in the section below. Onkel ¢case 1) had already been reported in a

previous publication by one of the authors (JF).[15

Casel

A 12-year-old boy presented with an acute left hegia, dysarthria, severe headache,
nausea, vomiting, balance disturbance and irritgbilA history of tick bites without
cutaneous manifestations was reported the precedimgner, 6 months earlier. He has been
complaining in the past 4 months of intermittenexiained nausea and vomiting that have
became daily in the past 10 days. Four days poia@dmission, he started to report significant
constant headache. On examination, the patientdigasiented anddrowsy, and showed a
mild left hemiplegia. Imaging studies demonstrateulltiple vascular stenoses and
irregularities suggestive of multifocal vasculitissolving predominantly the basilar artery,
where a concentric ring enhancement was noted r(3dgla and 1b). Meningeal enhancement
was not seen. Brain parenchymal infarction wasabserved but scattered punctuate white
matter lesions on both hemispheres were identifieiebrospinal fluid revealed a pleocytosis
with mixed cellular distribution (1152 leucocyte$/r61% neutrophils, 39% lymphocytes),
extremely high protein content (4.5 g/l), and loluogse (0.7 mmol/l). Extensive infectious
and immunological work-up for infectious and noffettious vasculitis was performed.
Cerebral spinal fluid cultures were sterile. Zidhélsen stain was negative. Broad-range
bacterial PCR for common causes of bacterial mdémsngs well as PCR for neurotropic
viruses and foB.burgdorferi were all negative. Lyme infection was rapidly setped and
demonstrated by positive IgG titers on an initisdzyane-linked immunosorbent assay
(ELISA): 3.57 (N 0.75-1), further confirmed by a Wern blot (>10 visible bands). An
additional search for anti-VLSE (Variable Like prwt Sequence Expressed) IgG was also

highly positive: 585 kAU/lI (N<15). Evidence of iathecal specific an®. burgdoferi 1gG
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production was found with an antibody index (Al)469 (N<2). The child was started on IV
Ceftriaxone with 2 g/day for 4 weeks along with lofspirin 100 mg for 6 months. Oral
Prednisone at a dose of 2 mg/kg/day was given fdotal of 4 weeks based on the
inflammatory aspect of the cerebral vessels. Thiema exhibited a rapid recovery.
Radiological follow-up at one year revealed congplebrmalisation of the cerebral vessels.
Clinical follow-up showed no residual neurologiaificit and the total disappearance of

gastrointestinal complaints.

Case2

A previously healthy 8-year-old boy was admittedtie emergency department for vertigo
associated with acute vomiting and headache. Negiczl status was suggestive of a
Wallenberg syndrome. No history of tick bite orrskash was recalled. MRI at day 1 revealed
a recent laterobulbar infarct over the right pastenferior cerebellar artery (PICA) territory,
without any demonstrated vascular abnormality (FégR). Raising the possibility of a
cerebral vasculitis, CSF analysis was performed @vealed a predominant lymphocytic
pleocytosis (leucocytes 149/ml: lymphocytes 88.G%%asmocytes 5.5%), elevated protein
content (1.2 g/l) and normal glucose (2.5 mmol/The PCR in the CSF fd4Sv-1, HSV-2,
Listeria monocytogenes and B. burgdorferi was negative. Lyme neuroborreliosis was
suspected based on the detection by enzyme-linkeatetcent assay (ELFA) OB.
burgdorferi IgG antibodies in the serum and in the CSF, rdgmdg 3.96 (N: 0.75-1) and
5.35 (N<0.3), which was followed by a Western btonfirming the findings in both the
serum and in the CSF ( > 10 visible bands). Thathécal synthesis Al was 5.8 (N<2). Both
CSF and blood culture remained sterile. In addjtartoimmunity work-up was negative. The
child was started on IV Ceftriaxone (2 g/day) fdard&ays and Aspirin (100 mg/day). Clinical

improvement was rapidly observed, and at 3-monflovieup, no recurrent stroke had
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occurred, nor did the boy have any residual symptdRadiological follow-up data were not
available for this patient (cf.Table 2). Further thrombophilia work-up revealed a

heterozygous prothrombin mutation.

Case3

A healthy 9-year-old boy was admitted to the emecgedepartment for tiredness, pain,
numbness, and low-grade fever for the last couplgags. No recent history of tick bite or
skin rash was reported. He had however been tregtedV Amoxicillin two years earlier
for a documented stage 1 Lyme borreliosis with EM.

Clinical, neurological and overall examinations &@ormal at first admission, and he was
discharged on the same day after a biological wrkfor Lyme disease. Symptoms
spontaneously resolved within 3 days, but posiaméibodies titers again®. burgdorferi
(both IgG and IgM) in the serum on ELISA and immbiod (IB) were observed. Due to
normal neurological status, the assumption thaatitdbodies’ persistence was related to the
earlier infection, and spontaneous symptoms regmesa flu-like illness was presumed and
no specific treatment was administered. Two moritdter, the child was re-admitted
complaining of vomiting and vertigo. Clinical an@urological examinations were normal
except for a subtle bilateral tremor. Followingsthinding, brain MRI was performed and
showed two fresh right cerebellar micro-infarcts tire right PICA territory as well as
narrowing of both vertebral arteries and the basitéery (Figures 3a and 3b). Infectious or
immune causes of vasculitis were considered in difierential diagnosis. Testing for
systemic autoantibodies was negative. Serologittalies showed elevatd®l burgdorferi
IgM and 1gG titers, respectively >122 and >108 U(Mk 20) by ELISA, rapidly confirmed
by a positive Western blot. Raising therefore tlosgbility of LNB, CSF analysis was

promptly performed that revealed not only a lymphiacpleocytosis (73 leucocytes/ml: 83%
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lymphocytes, 4.5% monocytes) with mildly elevatedtgin content (0.7 g/l) and low glucose
(2.8 mmol/l), but also intrathecal synthesishbafth B. burgdorferi IgM (Al=4.1) and IgG
(Al=2.1) Treatment was started with IV Ceftriaxo@ g/day) for 2 weeks, oral
corticosteroids (progressively tapered for a tdtadation of 7 weeks) and preventive Aspirin
(100 mg/day) for 8 months. He rapidly recovered elcal follow-up at one year revealed
neither sequelae nor new stroke. Follow-up imagipgto 2 years revealed stable vessels

irregularities.

Case4

A 13-years-old boy was admitted to the ER compiajrof facial asymmetry, left eye opening
difficulty, gait instability and right-sided sengodisturbances. He had no relevant medical
condition and denied any trauma. He recalled nettble bite nor cutaneous lesion.

Clinical examination was remarkable for a left Harrsyndrome, gait ataxia and sensory
disturbances affecting the right body part. On imggstudies, a left laterobulbar stroke
typical of Wallenberg syndrome was demonstratedgmééic resonance angiography (MRA)
revealed irregular narrowing of the left vertebaetery. Intracranial vertebral dissection was
initially suspected and the child started on love@ldspirin. As part of the stroke work-up, a
Lyme borreliosis screening through ELISA was douogthe results were considered doubtful
and it was suggested to repeat it at distancedditian, a heterozygous Factor V Leiden was
identified.

The second ELISA done six weeks later revealedipedgG and IgM titers (94 U/ml; N <
20) againsB. burgdorferi, confirmed on Western blot and suggestive of a reicdection. A
lumbar puncture was therefore performed; CSF arsalssowed no pleocytosis, normal
protein level and glucose values but revealed timd@al synthesis oB. burgdorferi

antibodies with an IgG Al of 12.66 and IgM Al of68. ( N < 0.3). Given this result, a
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diagnosis of LNB was made, likely at the origintbé past stroke, and IV Ceftriaxone (2
g/day) was given for 2 weeks, along with Aspirir0@1lmg/day) prophylaxis. Persistent
stenosis on the left vertebral artery was seen opp2r imaging 6 weeks after the initial
event. At two years follow-up, the child had mimesidual neurological signs in the form of

sensory disturbance in the right arm, left eyeipt@d minimal unsteadiness.

Summary of LNB-associated stroke from the SNPSRtha@dnedical literature

Demographic data and previous medical history

A comprehensive literature review enabled us to Bight other cases of pediatric stroke
attributed to Lyme neuroborreliosis.[13,16-22] ®&bm all 12 children (our own series and
a literature review) are presented in Tables 1Zarespectively. All reported cases originated
from European countries. Mean age was 9.9 yeadsaghosis. The male/female ratio was
1.4/1. All children were immunocompetent. Two chald out of the four of the SNPSR had
an underlying inherited thrombophilia, but this weether not searched for, nor documented
in the eight cases from the literature. Previbistory of tick bites was reported in two
patients. Three children reported on history-takangannular skin lesion consistent with EM.

Only one was serologically proved in the acuteestagd treated with Amoxicillin.

Acute manifestations

A range of clinical symptoms was reported: headagit¥8), vomiting (n=7), hemiplegia
(n=7), facial palsy (n=5), vertigo (n=4), and cezidr symptoms (n=4). Other less common
symptoms included mental slowing, disorientatimmaolence, asthenia, limb pain, anorexia,

neck pain, low fever, aphasia, and tinnitus.
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Biological work-up

All children underwent a two-step serological wani-first with ELISA or ELFA, which was
supplemented for each patient by a Western Bloighwvas able to confirm Lyme disease in
all children. In order to confirm LNB, a lumbar piare was likewise performed in all
children, revealing in all but one CSF pleocytosisiially with prominent lymphocytosis. In
one child (Case 1, SNPSR), the cell distributiors \atypical with predominant polynuclear
cells. In another child (Case 4, SNPSR), CSF plests was absent but the lumbar puncture
was performed with significant delay after the acsymptoms. Liquor protein and glucose
content were not systematically reported. Whenlabk (n=10), pathological high protein
level was identified in 9 cases. Cerebrospinabfigiucose level was low in 3 cases, normal in
4 cases, high in one and unknown in the remainiatiepts. Intrathecal synthesis Bf
burgdorferi antibodies was identified in all cas&s burgdorferi detection by PCR in the CSF

was reported in 6 cases and was negative.

Brain imaging

All patients underwent magnetic resonance imagMRBlj, supplemented by vessel imaging
with MR angiography (MRA) in 6 cases, conventiongeriography in one case, and both
techniques in 3 cases. For 2 cases, data regareasgl imaging were not available.

Six out of the 12 cases had posterior circulatimoke, including three cases of Wallenberg
syndrome due to laterobulbar ischemic stroke. kcefdstriate stroke was found in 3 cases.
One child only had an extensive cortical and suiadrinfarct. One child had bilateral
subcortical white matter stroke. Finally, one chililh acute neurological deficits had no true
parenchymal infarction and was labelled stroke:like

Evidence of vessel wall narrowing or irregularit@sggestive of vasculitis was found in 9

cases. In two cases, vascular imaging was reptwtéd normal. Data regarding vessels was
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not available in one case. The vasculitis was guisdal in two children, both involving the
posterior circulation. In 7 children, the vascslitvas multifocal, affecting large cerebral
arterial branches and involving both the anteriod g@osterior circulation in 3 cases, the
anterior only in 2, and the posterior circulatiarlyoin the remaining child. Contrast-enhanced
vessel imaging was reported in 2 cases, with nangwf basilar artery with a striking ring-

enhancement. [15,17]

Treatment

Once the diagnosis was established, all childremewtreated with IV third-generation
cephalosporins, usually Ceftriaxone at a dosage gftlaily. The duration of treatment was 2
weeks (n=3), 3 weeks (n=5), 4 weeks (n=1), and é&kw¢n=1). One case received a course of
14 days of Penicillin G (225°000 Ul /kg/day) pritar receiving third-generation cephalosporin
treatment (35 mg/kg/day). Steroids were given ur foases. Low-dose Aspirin was started in
7 cases for 6 months in two children, and 8 momtlee case; the duration of treatment was

not reported in the other four cases.

Outcome and Follow-up

Clinical follow-up information was available in Ifxses, with a considerable range from 1
month to 5 years. Radiological follow-up imagingsamabtained for 3 out of the 4 SNPSR
cases and showed total regression of the vasadaimis in 1 and stable vascular lesions in
the other 2.

Clinical outcome was excellent, with complete rasoh of neurological deficits in 7 cases,

and mild sequelae in 3 cases. Two cases had ntalaleadescriptive clinical information.

None of the children had any stroke recurrence.
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DISCUSSION

From our results, we can infer that European LNB loa incriminated in childhood arterial
ischemic stroke, but in a very small subset ofgrasi. Interestingly, even in an endemic
country like Switzerland, it represents less thé&m & all childhood AIS aetiologies. While
being extremely rare, clinical, radiological andlbgical features can however help the
clinician to rapidly suspect the diagnosis andatetthe appropriate work-up and treatment.
The lack of a previous history of tick bite or aMkis common and should not cause one to
disregard the possibility of Lyme-related strokdiniCally, although the manifestations are
variable, signs of brainstem/cerebellar dysfunctom particularly frequent and reflect a high
prevalence of posterior circulation stroke, whitlowd alert the clinicians to consider Lyme
neuroborreliosis.

Imaging often reveals multifocal vessel irregulastaffecting predominantly the posterior
circulation suggestive of a multifocal vasculitisopess. Combined anterior and posterior
circulation involvement is also frequently observetlhese imaging findings are similar to
what has been reported in adults. [12,20,23] Markedtrast enhancement of the basilar
artery has been suggested to be a potential matkehis finding needs to be replicated in
further studies. [15,17] We wish to highlight theugual occurrence of Wallenberg syndrome,
in 3 out the 12 documented cases (including 2outhef SNPSR), which is only rarely
reported in the pediatric literature.[24] This glection for posterior circulation stroke differs
significantly from the vast majority of cases ofcéb cerebral arteriopathy in childhood,
including the post-varicella angiopathy, that exhid strong predilection to the anterior
circulation, and more precisely to the M1 segmenthe middle cerebral artery.[25] This
posterior predilection is probably explained by &edominant basal leptomeningeal
obliterative inflammatory vasculopathy (endartsjitwhich has been reported in pathological

studies and in experimental research.[26,27] Tisargerestingly a similarity with the pattern
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of involvement seen in meningovascular syphilispthar spirochete, suggesting common
pathogenesis. [28]

Whether an inherited thrombophilia, such as in ®oour cases (2 and 4), can promote
thrombi formation within the inflamed vessel is pable but its role is likely minor in
comparison with the infectious process discusseda9]

Biological confirmation of LNB is mandatory and ¢am should be exercised before
establishing the diagnosis, which has been blanoedafnumber of unexplained, badly
systematized neurological symptoms.[30-32] Asdidetection of the spirochete bv culture
or by PCR has very low sensitivity, the diagnodid NB relies on a set of serological and
biological arguments. Demonstration Bfburgdorferi specific antibodies in both the serum
and in the CSF is essential and this was preseall ieported cases. Following consensual
guidelines, most laboratories use a two-step metlgo@ntitative enzyme immunoassay
(EIA), followed by immunoblot (IB) against specifisurface antigens oB. burgdorferi
genospecies) and the calculation of an antibody /€8&m index to prove intrathecal
synthesis, which in Europe is the gold-standarddi@blish the diagnosis of LNEB,33,34]
Routine analysis of the CSF is also particularlgvent by typically showing predominant
lymphocytic meningitis with high protein contenticapossibly low glucose. Our case series
tend to confirm the reliability of these biologicalarkers in the setting of pediatric stroke
related to LNB as the vast majority of affectedlat@in exhibited an inflammatory CSF with
high protein content and all showed intrathecaltlsgsis. Only one child (case 4) had a
normal CSF cell count which is occasionally seed anght be attributed in this specific
situation to the diagnosis delay. Yet, in retrospte diagnosis of LNB-associated stroke is
also likely in this situation. It must be acknowded that specific antibodies agairit
burgdoferi in the CSF can persist for years despite sucdetdsdtapy, and are therefore not

recommended to evaluate treatment efficacy. In ogeersisting or recurrent symptoms, a
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lumbar puncture can be indicated to search forigierg CSF pleocytosis and elevated
protein, which appear to be more reliable markdrthe course of the disease. [9,11] The
adjunctive diagnostic role as a biomarker of thensbkine CXCL13, which has been shown
to be highly elevated in the CSF in the very eadurse of pediatric and adult LNB, even
before antibodies production, and also to decliygidly after adequate therapy, appears
promising. It might prove useful in atypical sitiwsis (high suspicion index but negative
serology). [31,35]

The treatment of choice is IV Ceftriaxone (2 g/amyb0-75 mg/kg/day) for a duration of 14
to 21 days depending on the type of symptoms amir tthuration (early versus late
neuroborreliosis). Oral Doxicyline might be a safel efficient alternative but is reserved for
children above eight years.[10] The role of adjwectorticosteroids is uncertain but might
eventually help in the acute phase of Lyme cerebasiculitis in view of the important
inflammatory component.[12,27] After adequate dotib treatment, rapid regression of
symptoms usually occurs rapidly and recovery isaligexcellent. Stroke recurrence has not
been reported. Follow-up imaging studies demorestimtmost cases complete healing or
stability of the vascular abnormalities within ogear. Accordingly, low-dose Aspirin is
empirically recommended for a duration that vafresn 6 to 24 months independently of the
causal pathogen in order to prevent recurrent stj8&,37]

In sum, LNB appear to be a very rare cause of bhdd ischemic stroke, even in endemic
countries. Being a treatable cause, clinicians nocossider this diagnosis in children with
unexplained cerebral vasculitis, involving in peutar but not exclusively the posterior
circulation, and CSF pleocytosis independently pfiar history of tick bite or EM, which is
often lacking. Diagnosis still relies on approfeiserological testing in serum and CSF,
which in combination have excellent sensitivity aspecificity. Prompt treatment with third

generation cephalosporin should ensure optimalesgo
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Figure 1: a) MRA shows multifocal narrowing at tlewel of the circle of Willis,
affecting predominantly the basilar artery (longoar), the Al segment of both
cerebral arteries (short arrow), and the M1 segroémtiddle cerebral artery (dotted

arrow) b) A ring-contrast enhancement of the basitgery is showed (arrow).

Figure 2: On this axial T2-weighted image, a réagght laterobulbar infarct with

high signal intensity is demonstrated.

Figure 3: a) Diffusion-Weight imaging shows a sntaltebellar hemispheric stroke;
b) on MRA, there is almost no visible flow in adarportion of the basilar artery

(arrow).



Table 1 Clinical, radiological and biological manifestations of Lyme neuroborreliosis associated stroke, SNPSR data

Gender
Cases /Age
(years)
M/
1 12y
M/
2
8y
M/
&
9y
M/
4 13y

Acute main
clinical symptoms

Severe headache
Nausea + vomiting
Unsteadiness
Dysarthria

Vomiting
Headache
Rotatory vertigo

Headache
Vomiting
Vertigo
Right leg paresthesia

Vertigo
Unsteadiness
Right-sided numbness

Neurological
examination

Confusion
L FP
L hemiparesis

R Horner syndrome
L FP
Multidirectional
nystagmus
L sensory disturbances
Ataxia
(Wallenberg Syndrome)

Subtle bilateral tremor

L FP
Cranial nerves deficits
Vv, VI IX, X, XI)
L nystagmus
L. Horner syndrome
R sensory disturbances
(Wallenberg Syndrom)

Stroke localisation
(CT, MRI)

Stroke-like lesions

R bulbar
(R PICA territory)

R cerebellum
hemisphere
(R PICA territory)

L bulbar
(L PICA territory)

Vascular imaging
(CTA, MRA)

Multiple stenosis:
BA ++,
L PCA
R+L MCA
R+ L ACA

None detected

R +L VA stenosis
Proximal BA
stenosis

L VA stenosis near
PICA emergence

CSF
pleocytosis

n/a

CSF g
intra-thecal
synthesis

Acute treatment/
Treatment’s length

1V 3GCs 2g/d for 28d
Oral Prednisone 2mg/kg/d for
28d
ASA 100 mg/d 6m

IV 3GCs 2g/d for 21d
ASA 100 mg/d for 6m

1V 3GCs 2g/d for 14d
ASA 150 mg/d for 8m
Oral Prednisone 50mg/d for 5
days then tapered

1V 3GCs 2g/d for 14d
ASA 100 mg/d

Clinical outcomes
(sequelae)

None
(Total regression of
clinical symptoms)

Diminution of initial
symptoms at hospital
discharge
No available clinical
follow-up

None
(Normal neurological
exam at hospital
discharge)

Mild
(Minimal persistent
right sensory
hemisyndrom at
hospital discharge,
with intermittent left
ptosis)

Radiological outcomes

At 1 year:

Total resolution of
cerebral vessels lesions
No new parenchymal
lesions

At 1 year :
Stable vascular lesions
Diminished parenchymal
lesions (less definable)
No new parenchymal
lesions

At 10 months : stable
vascular lesions
No new parenchymal
lesions

ACA: Anterior cerebral artery, ASA: Acetylsalicylic acid, BA: basilary artery, B.b.: Borrelia burgdorferi, CTA: Computed tomography angiography, d: days, FP: Facial palsy, L: Left, VA: vertebral artery, M: male, m: months, MRA: magnetic resonance
angiography, MCA: middle cerebral artery, n/a: not available, PCA: posterior cerebral artery, PICA: posterior inferior cerebellar artery, R: Right, VA: vertebral artery, 3GCs: third-generation Cephalosporins.




Table 2: Clinical, radiological and biological manifestations of pediatric stroke associated with Lyme neuroborreliosis, cases fromthe literature

Acute main
Reference Gender/  (jinical Neurological Stroke localisation Vascular imaging CSF _ CSFlg Acute treatment/ Follow Clinical outcome Radiological
(1st author Age(y) clinical symptoms examination (CT, MRI) (CTA, MRA) leocytosis intra-thecal Treatment's length Up (sequelae) outcomes (months)
and N°) gely. ! ! pieocy synthesis 9 (months) q
SBEEEEE R hemiparesis
Wilke Vomiting . + Penicillin G 14 dhen IV 3GCs . )
(19 F/15y Mental slowing R hanc_j ataxia L BG +LPLIC n/a + 35mglkg/d for 14d 5 None Persistent lesions at 5
: ; Papillitis
R hempiparesis
Vomiting, . . . . . . IV 3GCs for 28d
Lebas M/8y somnolence R hem'PaFe$'5 L pons + L cerebellar hemisphere Distal basilar artery irregularity + * + IV Methylprednisolone 30mg/kg for 3d 9 None Normal at 9m
[19 ; f Nuchal rigidity contrast enhancement
R hemiparesis ASA (dose n/a)
Headache, fever R hemiparesis
RERE M/11y Vom!tlng ; i dysme'trla Bilateral hypersignal in PLIC ~ Basilar artery + L MCA narrowing + + IV 3GCs for 21d n/a n/a n/a
[20] R hemiparesis Expressive
Aphasia aphasia
Transient IV 3GCs 2g/d for 21d
Kohns - - Distal L MCA stenoses and 12 ASA 3mg/kg/d (length n/a) Persistence MCA
[29 Fi5y R he\r’r;(lar;f}g%ss and Normal LBG days later new L PCA stenosis * * IV Methylprednisolone 20mg/kg/d for 8 None lesions at 3m
3d
Wittwer Headache, dysphagi Suggestive of L postero-lateral medulla
2 F/5y Nausea/Vomiting Wallenberg oblongata+ old R cerebellar normal + + IV 3GCs for 6w 60 None n/a
[22 syndrome infarct
Headache ) - . . . _ L frontal Cortical &
) h - Multiple narrowing involving the Mild attention deficit ’
Klingebiel F/6y Nausea R hemiparesis L fronto parletgl * L basal LICA, LACA, LMCA and distal + + IV 3GCs 100mg/kg/d for 21d 12 (for 6mths) then subcortical atrophy
[23 R hemiparesis ganglia . area
MCA branches occlusions None .
No new lesion
. . Isolated R L subcortical infarct involving L ) IV 3GCs 2g/d for 30d Unchanged stenosis
CZOX F/12 g Z:cehmt;‘i)f?il(r:ﬁtl;s hemiparesis + BG, Caudate nucleus and coror L Agtlznssjsbi:ch:\ngoAn($1l)) gna + + (for chronic Borreliosis) 2 n/a proximal MCA/ACA
[29 p R FP radiate ASA 38mg/d (at 1m)
Bilateral FP Diffuse infarcts in vertebrobasilar
Allen Headache R leg weakness L “Vessel irregularity in the circle of Mild residual
[15] M/15y Cerebellar distribution (medulla, pons, Willis” + + IV 3GCs for21d n/a neurological deficits n/a
signs cerebellum)

ACA: anterior cerebral artery, ASA: acetylsalicylic acid, BG: basal ganglia, d : day, EM : erythema migrans, F : female, FP: facial palsy, PLIC : posterior limb of theinternal capsule, ICA: Internal carotid artery, L : left, M : male, MCA : middle cerebral artery,

MRI : magnetic resonance imaging, MRA: magnetic resonance angiography, CTA: Computed tomography angiography, n/a: non available, PCA : posterior cerebral artery, R: right, w: weeks, 3GCs: third generation cephal osporins.













Highlights

Lyme neuroborreliosis (LNB) isarare cause of pediatric stroke, even in endemic
regions

Multifocal cerebral vasculitis, involving predominantly the posterior circulation, isa
typical feature

CSF pleocytosisis adistinctive feature of LNB-related pediatric stroke

Diagnosis relies on intrathecal B. Burgdorferi antibodies production

Prompt antibiotic treatment is associated with good outcome



