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ABSTRACT

Background

Postinfectious Moyamoya syndrome (MMS) is a rarescuopathy that can follow a
meningitis.Only 9 cases of MMS following a meningitis have beeported in literature. We
present a unique case of MMS after a meningitisedwy A. fumigatus and E. coli and
review all cases of MMS post-meningitis in litenatu

Case Description

A 41 years-old man was admitted to our Emergenpadment for sudden hypoesthesia in
left arm and an intense headache not responsigeutgs. The CT scan and the MRI showed
acute ischemic lesions in the right centrum seni@wassociated to bilateral chronic
watershed cerebral ischemic lesions. The cereb&\ Bocumented a typical Moyamoya
pattern. In anamnesis, the patient suffered frominggtis due to A. fumigatus and E. coli
infection after neurosurgery for subependymomaneffourth ventricle two years before. Lab
tests, clinical investigation and imaging ruled any other cause of vasculopathy and led to
the final diagnosis of postinfectious MMS. The patistarted a medical therapy with oral
acetyl salicylic acid, verapamile and prednisondevsurgical approach was excluded in the
first instance

Conclusions

Physicians should be aware of an uncommon but se@nplication of meningitis such as
MMS, even several years after the infection. Neugegjing is essential for the diagnosis and

to exclude other causes of neurological symptontisase patients.
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CASE REPORT

A 4lyears-old man was admitted to our Emergencyadeyent for an intense headache not
responsive to drugs. Two-years before, the Patiederwent a neurosurgical operation for a
subependymoma of the fourth ventricle; in the epdgt-operative period, he developed a
meningitis related to Aspergillus fumigatus and leshia Coli successfully treated with
specific antibiotic and antimycotic drugs.

Physical examination demonstrated only a mild hgguesia in left arm. The CT scan
showed multiple hypodensities in the white mattebath cerebral hemispheres. The MRI
disclose two acute ischemic lesions in the supéemporal gyrus and in the supramarginal
gyrus in the right hemisphere, associated to ahtehronic watershed cerebral ischemic
lesions. Bilateral severe stenosis of the dist#, I e M1 segments of MCA and the Al
segments of ACA were identified at the MR—-angiobsapvessel wall MR-study excluded
atherosclerotic disease, proving only a mild cotrg@rwall thickening of bilateral distal
segments of ICAs (Fig.1).

The DSA showed a typical Moyamoya pattern with osidn of both the distal ICA, the M1
segments, and the A1 segments with the presenemgie of tiny vessels (“puff of smoke”)
along the course of lenticulo-striatal arteriesptéeneningeal and trans-dural collateral
networks was also detected; posterior circulatias gpared from the disease (Fig. 2).
Several lab tests were run to identify the caughisfvasculopathy. Blood count, coagulative
screening and inflammatory indexes were normaleQ@espinal fluid analysis including
infective searches were negative. Active infectiofighe central nervous system, such as
EBV, CMV, HSV 1-2, VZV, Measles Virus, Rubella Vey Mumps Virus, Echovirus,
Toxoplasma, Borrelia Burgdorferi, JCV, Enteroviraisd Mycobatterium tubercolosis were

ruled out.
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Serum autoantibodies (rheumatoid factor, ANA, CAN@ANCA, anti-ENA, anti-dsDNA,
anti-RNP, anti-transglutaminase, anti-gliadin antd-andomysium) were investigated and an
autoimmune origin was excluded.

Finally, the genetic test for R4018K polymorphisingene RNF213 was performed, but it
was negative in the patient.

Therefore, since the absence of inflammatory oedtidus signs, the history of meningitis
and the clear imaging of Moyamoya pattern, we redcthe diagnosis of postinfectious
Moyamoya syndrome (MMS) due to previous meningidigsed by A. Fumigatus and E. Coli
(Fig. 3).

According to the few data in literature, surgicabpeoach (direct or indirect re-
vascularization) was excluded in first instance drelpatient started a medical therapy with
oral acetyl salicylic acid, verapamil and prednison

Clinical and MRI follow-up was performed at 3, 9datB8 months. At 3 months, the patient
was asymptomatic (modified Rankin Scale 0) ded@ieimaging demonstrated new small
ischemic lesions in acute phase in the watershessanf the right hemisphere. 9 and 18
months follow-up showed stability of the clinicalwwse and MRI findings. According to the
good clinical course, surgical treatment is stitladed. Patient is currently continuing the

medical therapy with acetyl salicylic acid and enanil.

DISCUSSION AND LITERATURE REVIEW

Moyamoya vasculopathy is a rare disease charagetertzy a progressive stenosis or
occlusion of the intracranial internal carotid aytdCA) and/or the proximal portion of the
anterior cerebral artery (ACA) and middle cerebaalery (MCA). This steno-occlusive
pattern is associated with a compensatory developroé a collateral networks from
thalamoperforating and lenticulostriate arterieppemring as a “puff of smoke” on

conventional angiography (“moyamoya” in JapaneBeside these, pial collateral arteries
3
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from the posterior circulation and transdural deltal arteries, most often from external
carotid artery’s (ECA) branches, can be found.aA¢ Istages of the disease, ICAs are totally
occluded and anterior parenchymal vascularizatielies essentially on these collateral
networks'

We distinguish between Moyamoya disease (MMD), Wwhiefers to isolated and primary
Moyamoya vasculopathy, and Moyamoya syndrome (MM&)en the typical vascular
alterations are secondary to other neurologicaktma-neurological pathologies.

In US, the annual incidence rate of MMD/MMS is GB®0,000 persons, about ten times
lower than in East Asian countries; instead thedewce of MMS seems to be higher in
Western countries than in East Asian countries.

Clinical presentation is usually characterized tans$ient or permanent symptoms related to
cerebral ischemia (caused by the steno-occlusivecwar lesions), or intracranial
hemorrhage (due to the rupture of fragile Moyamosessels): hemiparesis, sensory
impairment, aphasia/dysarthria or migraine-likedsee are the most common ones.
Diagnosis of Moyamoya vasculopathy is based on ingagpy the visualization of distal
stenosis of one or both internal carotid arteried/@r their branches (ACA and MCA), and
the presence of neovascularization represented loyaMoya vessels and collateral
circulation. MRI has a key role in the diagnosigl dollow up, but the gold standard is
cerebral conventional angiography, which essebo#h for the diagnosis and grading of the
diseasé.

Once the diagnosis is reached, it is fundamentalleoout all the potential acquired causes of
MMS, even if it is often difficult to determine wtier the association is causal or incidental.
Therefore it is important a rigorous interview betpatient, detailed physical examination,
and a set of complementary lab tests in order ¢atity the main causes of MMS. Among
these, previous cranial or neck irradiation isrhast frequent associated cause, followed by

previous meningitis (especially Mycobatterium tudmosis meningitis), cerebral vasculitis,
4
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autoimmune disease (Syogren’s syndrome, lupus cagfidant), prothrombotic disorders,
haematological diseases (sickle cell anaemia, hggimoanaemia, aplastic anaemia),
metabolic diseases (glycogen storage disease typéyferlipoproteinemia type 2A,
hyperthyroidism), genetic/chromosomal disordersufaibromatosis, Down’s syndrome,
tuberous sclerosis, retinitis pigmentosa and filuscalar dysplasia), drugs (phenobarbitol
and oral contraceptives), neoplasms (craniophaoyngiand Wilm’s tumour), and cranial
trauma’

The pathogenesis of postinfectious vasculopatlwmknown. Several mechanisms have been
proposed: inflammatory infiltration (vasculitis) @uo the infective agent with reactive
vasospasm and residual organic stenosis; an autmeprocess towards the cerebral blood
vessels triggered by the infection (therefore Isosteptibility to autoimmune disease may be
considered); intravascular thrombosis, even ifii hot been a frequent findifig.

Pathological analysis of the affected vessels arattierized by a concentric and eccentric
fibrocellular thickening of the intima, leading tamen stenosis, while inflammatory or
atherosclerotic changes are absent. Electronicostopy has shown myonecrosis involving
the vasa vasorum that may explain the structurab@balities

Only 9 cases of MMS following a meningitis have ieeported in literature (table 1).
Mycobacterium tuberculosis was isolated in 4 pasi&n Streptococcus pneumoniae in 3
patients>*° Treponema pallidum and Haemophilus influenzae @pie one case each’
We found no reports of similar cases caused byédfsttia Coli or Aspergillus Fumigatus in
the literature of the PubMed database.

Time between meningitis and the onset of Moyamaepn was extremely variable. In 1
patient Moyamoya pattern developed in 30 days, patfents between 1-12 months, and in 4
patients after one year (as our case); in therlgttaup, the infectious agent involved was the
Mycobacterium tuberculosis. In particular, Kashiweigal’ Nakayama et dlKitahara et af,

respectively reported 3 cases of MMS following aningitis by M. tuberculosis occurred in
5
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Japan; all the patients suffered of meningitis myrihe childhood and MMS became
symptomatic more than 20 years later. Two of theesgnted with ischemic symptoms and
one with intraparenchymal hemorrhage. Umesh ®prasented the other case of MMS
related to M. tuberculosis and even in this casevdscular alterations arose many years later
(9 years) than meningitis.

Migraine-like headache was the most frequent symptat the onset of MMS (4 patients),
followed by hemiparesis (3 patients) and seizu2gsatients).

All cases showed bilateral involvement of the dotecerebral circulation. Involvement of
posterior circulation was present in 7 cases, Svloth were consequent to Streptococcus
pneumoniae meningitis.

3 patients developed a rapidly worsening of theicdl conditions and died in a few months.
2 out of 3 cases the microorganism involved wasprBumoniaé;'® the other was T.
pallidum®*

Pathological analysis of the vessels was performetipatients: both the authors described
the absence of inflammation or atherosclerosis gbsnn the vessels’ wall but a diffuse
collagenosis involving the periadventitial tisssech as a chronic vascular injdry.

Out of the 9 patients, 4 were medically treatechvaihtiplatet drugs, anticoagulants and/or
corticosteroids, with variable efficacy observeainCerning the therapy, no guidelines are
currently available. Medical treatment with longrte oral antiplatelet therapy is usually
started, even if there is no demonstrated datdsoéfficacy. Surgical treatment, based on
direct or indirect revascularization, should be stdared on case-by-case basis. Up to now,
no curative treatment allows the regression ofot@usive arterial lesions, therefore clinical
and imaging follow-up must be always continued, nel®ecause of the high risk of

angiopathy progressidn.
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FIGURE LEGEND

Fig.1: MRI on admission: Axial FLAIR (A), T2-weigbkd (B) and DWI (C) images show
bilateral chronic watershed cerebral ischemic lesid\xial and sagittal T2-weighted (D, E)
images demonstrate wall thickness of petrous ameroaus segments of the right ICA. Axial
pre (F) and post contrast (G) SPIR T1-weightedblalood images prove concentric wall
thickness of petrous segments of the right ICA hathogenous enhancement of the vessel
wall after contrast. MR-angiography (H, I): cororaald sagittal reconstructions TOF MIP

images evidence bilateral severe stenosis of dSta(right>left), M1 and A1 segments.

Fig.2: Cerebral DSA: right (A) and left (B) CCA égtions show a typical Moyamoya pattern
with occlusion of both the distal ICA, M1 and Algseents, the presence of tangle of tiny
vessels (“puff of smoke”) and leptomeningeal arahsrdural collateral circulation from the
ECA. Right vertebral artery injection (C) provesmal appearance of posterior circulation
and the existence of leptomeningeal collateral elessom both PCAs. Left ECA injection
(D) evidences leptomeningeal and trans-dural eatiicirculation, in particular from MMA.

Lateral projection of left ICA (E).

Fig.3: MRI before neurosurgery (A, B): coronal aaxial post contrast T1-weighted MIP
images show normal appearance of cerebral cironlaMRI at MMS onset (C, D): coronal
and axial post contrast T1-weighted MIP images @rolateral severe stenosis of distal ICA,

M1 and Al segments.
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INFECTIVE AGENT

AGE OF MENINGITIS

TIME OF MMS ONSET  SYMPTOMS AT MMS ONSET

CEREBRAL ANGIOGRAPHY

(Czartosky etal4 S. pneumoniae 20yo 9 days left hemiparesis, right 3rd nerve palsy stenosis of left M1 and left A1; involvement of posterior circulation

Dou et al 10 S. pneumoniae 2yo 5 months seizures, coma bilateral stenosis of ICA and M1, involvement of posterior circulation
Pinardi et al 3 S. pneumoniae 55yo 3 months headache, left paresthesia bilateral stenosis of A1, M1 and ICA, involvement of posterior circulation
Palacio et al ® H.l. type C 51yo 2 months headache bilateral stenosis of ICA and M1, involvement of posterior circulation
Morgello et al 11 T.pallidum in HIV 22yo 10 months headache, impaired vision bilateral stenosis of A1, M1 and ICA, involvement of posterior circulation
Umesh et al ® TBC 1yo 9 years seizures bilateral stenosis of ICA and M1, involvement of posterior circulation
Kashiwagietal® TBC childhood more than 20 years left hemiparesis bilateral stenosis of A1, M1 and ICA

Nakayama et al 7 TBC 2yo 40 years headache bilateral stenosis of ICA

Kitaharaetal® TBC 10 yo 26 years left paresthesia, left hemiparesis stenosis of right ICA, left M1; involvement of posterior circulation

Our Case E.coli, A.fum_iggtus 39 yo 2 years headache bilateral stenosis of A1, M1 and ICA
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