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Les vascularites cérébrales compliquant les infections fongiques invasives à 

Aspergillus et Mucorales 
 

I. Introduction 

 

Les infections fongiques invasives (IFI) à champignons filamenteux sont dues à des 

champignons ubiquitaires présents dans l’environnement. Elles surviennent essentiellement en 

cas d’immunodépression (hémopathies, transplantation d’organes solides ou de cellules 

souches hématopoïétiques, traitements immunosuppresseurs, diabète, etc.) (1-4). En France, les 

IFI à champignons filamenteux les plus fréquentes sont les aspergilloses invasives (1.8 cas/100 

000 habitants/an) suivies des mucormycoses (0.12 cas/100 000 habitants/an) (5).  

La prévalence des IFI augmente depuis plusieurs années, en lien avec l’utilisation 

croissante des traitements immunosuppresseurs et l’augmentation de l’espérance de vie des 

patients immunodéprimés. Ainsi, l’incidence annuelle des infections à mucorales en France a 

doublé entre 1997 et 2010 (7,8) et celle de l’aspergillose pulmonaire invasive est en 

augmentation de 4.4% par an (5). 

 

Les IFI à champignons filamenteux peuvent toucher différents organes dont le système 

nerveux central. Dans le cas des mucormycoses, l’atteinte cérébrale est fréquente, rapportée 

dans 20 à 25% des cas selon les séries (10-12) et jusqu’à 43% des cas dans les formes sinusiennes 

du patient diabétique (13). Environ 5% des aspergilloses invasives se compliquent d’une atteinte 

cérébrale (14).  

 Les IFI avec localisation cérébrale sont des infections sévères, associées à une morbi-

mortalité élevée, sans amélioration du taux de survie sur les vingt dernières années (5, 15). Dans 

le cadre des mucormycoses avec atteinte du système nerveux central, les séries de cas 

retrouvent une mortalité de 50 à 80% (12, 16). Le taux de mortalité est similaire pour les 

aspergilloses cérébrales, de 54 à 69% selon les études (1, 17).  

 

 Des complications cérébro-vasculaires secondaires aux IFI ont été rapportées, 

essentiellement dans le cadre des aspergilloses et mucormycoses cérébrales (18), mais également 

dans le cas des coccidoïdomycoses (19) et plus rarement des scedosporioses cérébrales (20, 21). 

Leur fréquence est difficile à déterminer du fait de l’absence d’étude dédiée. La cohorte 
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française CEREALS, reprenant 119 cas d’aspergillose cérébrale entre 2006 et 2018, retrouve 

une prévalence de 36% d’atteintes macrovasculaires, 42% de microangiopathies, 9% 

d’atteintes du sinus caverneux et 4% de thrombophlébites cérébrales (22). La série de Marzolf 

et al. reprenant 21 cas d’aspergilloses cérébrales rapporte une fréquence d’atteinte vasculaire 

de 24%, essentiellement à type d’anévrysmes, dont 20% ont été responsables d’hémorragies 

méningées mortelles (23). Concernant les mucormycoses cérébrales, la fréquence des atteintes 

vasculaires retrouvée dans plusieurs études est d’environ 30% (24, 25).  

Les vascularites sont définies par la présence d’une inflammation avec ou sans nécrose 

de la paroi des vaisseaux. Le tropisme vasculaire d’Aspergillus est bien connu avec notamment 

un envahissement de la paroi endothéliale via la production d’élastase digérant la limitante 

élastique interne (26). Cette atteinte pariétale est responsable de la formation d’anévrismes par 

fragilisation de la paroi et de micro-hémorragies. Les artères perforantes et corticales sont 

préférentiellement atteintes du fait de leur petit calibre expliquant la fréquence des lésions des 

noyaux gris centraux. Cet envahissement pariétal est également responsable de la formation de 

thrombus in situ au niveau des vaisseaux proximaux, rendant compte des manifestations 

ischémiques fréquemment étendues (27).  

Outre cet angiotropisme, les mucorales possèdent un effet prothrombogène et nécrosant 

favorisant la dissémination de l’infection et limitant l’efficacité de la réponse immunitaire ainsi 

que la diffusion des traitements antifongiques. Cette angio-invasivité favorise la pathogenèse 

en permettant de libérer l’hème contenu dans les globules rouges, rendant disponible du fer 

pour la croissance des champignons (28).  

 

Deux principaux mécanismes physiopathologiques de contamination fongique du 

système nerveux central puis d’atteinte vasculaire ont été identifiés (29) :  

- soit par envahissement direct de la paroi vasculaire en contiguïté avec un foyer 

infectieux rhino-sinusien provoquant nécrose pariétale et/ou thrombose 

endoluminale des vaisseaux proximaux (le plus souvent de la carotide interne 

dans sa portion intracrânienne ou du sinus caverneux) ; 

- soit par dissémination hématogène à partir d’un foyer infectieux à distance 

(essentiellement pulmonaire) responsable d’atteintes vasculaires distales 

touchant la jonction substance grise/substance blanche et les artères perforantes.  
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L’étude de Marzolf et al. retrouve une prédominance d’atteinte sinusienne avec lésions 

cérébrales de contiguïté chez les patients immunocompétents tandis que les disséminations 

hématogènes avec lésions cérébrales multiples et distales surviennent préférentiellement chez 

les patients immunodéprimés, avec un pronostic plus défavorable (23).  

Il semble donc exister un lien entre le mode de dissémination et le type d’atteinte vasculaire 

observé. 

 

La présentation clinique de ces atteintes vasculaires est non spécifique et peut 

comporter troubles de la conscience, céphalées, convulsions, signes de focalisation et/ou fièvre. 

Les différentes présentations radiologiques rapportées incluent des occlusions artérielles 

proximales, des hémorragies (hémorragie méningée, hématome intra-parenchymateux et 

micro-saignements ou « microbleeds »), des anévrysmes mycotiques, des dissections 

artérielles, des thromboses veineuses cérébrales et des accidents vasculaires cérébraux (AVC) 

ischémiques (30-36).  

Ces complications vasculaires sont de diagnostic difficile et souvent retardé du fait de 

l’absence de spécificité et de la variabilité de la présentation clinique, du caractère invasif des 

prélèvements à visée diagnostique et de l’absence de critères diagnostiques bien établis. Hors 

la rapidité de mise en place du traitement a une importance pronostique majeure dans ces 

pathologies grevées d’une morbi-mortalité élevée (22, 24, 37).  

Les données de la littérature concernant ces atteintes sont rares et proviennent 

essentiellement de cas isolés rapportés ou de séries rétrospectives portant sur un petit nombre 

de patients (30-36). La physiopathologie de l’atteinte vasculaire, la présentation clinico-

radiologique et la gestion des traitements spécifiques restent peu connues.  

 

La prise en charge des IFI cérébrales hors atteinte vasculaire repose sur le traitement 

antifongique et lorsqu’ils sont possibles sur le traitement chirurgical et la gestion de 

l’immunosuppression. Malgré une morbi-mortalité très élevée, les modalités de prise en charge 

thérapeutique des vascularites cérébrales secondaires aux IFI ne font pas l’objet de 

recommandations spécifiques du fait du manque de données disponibles. Il existe par ailleurs 

des spécificités à prendre en compte selon l’agent fongique impliqué.  

Les thérapeutiques utilisées dans le traitement des vascularites cérébrales d’origine 

inflammatoire reposent sur des traitements anti-inflammatoires (corticothérapie seule ou en 

association avec d’autres immunosuppresseurs), et sur des traitements adjuvants (statines, 

antiagrégants plaquettaires, anticoagulants, gestes endovasculaires) (38, 39). Alors que les 
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traitements anti-inflammatoires sont préconisés dans la prise en charge de certaines vascularites 

cérébrales infectieuses (18, 39), leur place reste à définir dans le cadre des vascularites fongiques. 

De même, l’utilisation des traitements à visée neurovasculaire n’est pas codifiée dans le cadre 

des IFI avec atteintes vasculaires cérébrales.   

A partir d’une cohorte rétrospective nationale multicentrique de patients atteints 

d’infections fongiques invasives cérébrales à filamenteux (aspergilloses et mucormycoses), 

l’objectif de ce travail est de :  

i) décrire précisément la présentation clinique et radiologique des complications 

vasculaires cérébrales associées à ces IFI ; 

ii) d’en préciser le mécanisme physiopathologique ; 

iii) et de décrire l’utilisation des thérapeutiques anti-inflammatoires, endovasculaires et 

la gestion de l’anticoagulation.  

Ce travail fait l’objet d’un article présenté dans ce manuscrit, article qui sera soumis 

prochainement à une revue scientifique avec comité de lecture. 
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II. Manuscrit pour soumission 

 

Cerebral vasculitis due to aspergillosis and mucormycosis : a retrospective study 
 

1. Abstract 

The incidence of invasive fungal infections, especially aspergillosis and mucormycosis, has 

greatly increased. Cerebral localizations are severe conditions and can be complicated by 

vasculitis. Descriptive data about clinic-radiological presentation and guidelines for optimal 

management of vascular lesions associated with fungal CNS infections are still needed. We 

performed a multicentric retrospective study in France and included 41 patients with cerebral 

vasculitis due to invasive mold infections (aspergillosis and mucormycosis). We were able to 

characterize two different radiological patterns of vasculitis according to the presumed route 

of dissemination – contiguous or haematogenous – reflecting several differences in 

pathophysiology. Overall mortality at 6-week was very high in our study, especially for 

haematogenous infections. Concerning the therapeutic management, antifungal therapy is the 

mainstay of medical management and rapid infection control is essential to prevent and control 

these complications. We were not able to conclude on the efficacy of antithrombotic treatments. 

There does not seem to be any rationale for the use of anti-inflammatory drugs. 

 

2. Introduction 

In the last two decades, the incidence of invasive fungal infections (IFI) has greatly increased 
(7,8), especially life threatening central nervous system (CNS) infections in 

immunocompromised hosts. Cerebral involvement occurs either during haematogenous spread 

or by direct extension from the juxta-cranial sites (29).  Aspergillus and Mucorales are the most 

common cause of CNS filamentous fungal infections in immunocompromised hosts (5). These 

fungi have an angioinvasive character and may be the cause of micro- and macrovascular 

cerebral vasculitis (26,28). IFI cerebral vasculitis is a severe condition, with mortality of 50-80%, 

and its prognosis is directly linked to early diagnosis and appropriate treatment (22,24,37).  

Descriptive data about clinical presentation, biological and radiological features, treatment, and 

outcomes of vascular lesions associated with fungal CNS infections mostly consist in case 

reports and small scale studies (30-36).  
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Furthermore, guidelines are still needed for optimal management of this disease entity, 

especially for anticoagulant and anti-inflammatory therapy management.  

We present here a case series of cerebral vasculitides due to invasive mold infections 

(aspergillosis and mucormycosis), with detailed description of clinico-radiological 

presentation, mechanism of vascular involvement and therapy management. 

 

 

3. Methods 

 

Type of study and data sources 

We performed a retrospective study in France between January 2005 and December 2020. 

Patients with cerebral vascular involvement were identified from the CEREbral Aspergillosis 

Lesional Study (CEREALS) (22), and from the French cohort of cerebral mucormycosis (25). 

Cases were identified at each participating center, through physician notifications and cross-

checking data with local microbiological databases. Clinical, biological and radiological data 

were recorded on a standardized case report form. All brain computed tomography (CT) and/or 

magnetic resonance imaging (MRI) scans performed before or after the diagnosis of cerebral 

involvement and available were centrally reviewed by two neuroradiologists (FB and ON or 

CP).  

 

Patients and definitions 

We included patients with proven or probable IFI, as defined by the 2019 updated 

EORTC/MSG criteria (40), except consideration of Mucorales PCR. Proven cerebral IFI was 

defined either as : 

a) positive direct microscopic examination or culture from the cerebrospinal fluid (CSF),  

b) or positive direct microscopic examination or culture from brain tissue (obtained by 

needle aspiration or biopsy), 

c) or positive histopathology from brain tissue (obtained by needle aspiration or biopsy), 

d) or, for patients with a sinus infection, histological evidence of invasive mold infection 

associated with positive culture from a sinus biopsy and imaging showing a continuity 

of the infection from the sinus to the brain.  
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Probable IFI was defined as compatible focal brain lesions or meningeal enhancement on 

imaging associated either with : 

a) proven or probable invasive extracerebral IFI  

b) or with i) the detection of GM (≥ 1.0) in the CSF for aspergillosis  

or with ii) positive PCR in serum and/or CSF for aspergillosis and mucormycosis. 

 

“At diagnosis” means at vascular complication diagnosis.  

The presumed mechanism of cerebral vascular involvement was classified as haematogenous 

or contiguous based on radiological and clinical data. We defined contiguous infections as 

those occurring as a result of the extension to the brain of a previously paranasal or ear 

infection. All other cases were considered as consequences of haematogenous dissemination. 

Death was attributed to cerebral IFI if a life-threatening neurological event occurred just before 

death, with no other obvious cause and no other documented organ failure. 

 

Biological definitions 

Galactomannan antigen (GM) was considered “at diagnosis” when measured 15 days prior or 

after aspergillosis vasculitis diagnosis. It was considered positive above 1.0 in the sera and in 

the CSF (or 0.7 in the sera with GM in BAL fluid ≥ 0.8). β-D-glucan was considered positive 

when above 80 pg/mL in the sera or the CSF.  

Neutropenia was defined as a neutrophil count below 1500/mm3 and thrombocytopenia defined 

as a platelet count below 150000/mm3.  

Meningitis was defined as a CSF white blood cell count ≥ 5/mm3. 

Hemostasis disorder was defined as a prothrombin time (PT) < 70% and/or activated Partial 

Thromboplastin Time (aPTT) ratio > 1.2.  

 

Imaging 

The following imaging features were evaluated : type of dissemination (haematogenous vs. 

contiguous) according to lesion location, number, location and peripheral enhancement of 

abscesses, presence of ventriculitis, brain haematoma, ischemic lesions, lepto- and/or 

pachymeningitis (when post-contrast imaging was performed), presence and number of micro-

bleeds (when T2∗ or susceptibility-weighted images were performed).  

 

Arterial stenosis or occlusion, arterial aneurysm were searched for on CT-Angiography, Time 

of Flight MR or MR angiography (MRA), when available. Large vessels included left and right 
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internal carotid arteries, left and right vertebral arteries, basilar artery, A1 segment of anterior 

cerebral artery, M1 segment of middle cerebral artery and P1 segment of posterior cerebral 

artery. Medium vessels included distal branches of the middle cerebral artery, anterior 

communicating artery and posterior communicating artery. Small vessels included distal 

branches of the anterior cerebral artery, distal branches of the posterior cerebral artery, 

ophthalmic artery, thalamic artery, perforating arteries and cerebellar arteries.  

 

On imaging, abscesses were defined as limited intra- or extra-axial lesions with or without 

peripheral enhancement (wall enhancement). Brain infarct was defined as focal high intensity  

area without contrast enhancement on Diffusion-Weighted Imaging when available and/or 

lesions involving arterial territory hypodense on CT or hyperintense on Fluid attenuated 

Inversion Recovery (FLAIR) MRI.  

Border-zone infarcts were defined as ischemic lesions at the junction between two main arterial 

territories ; lacunar strokes as small infarcts (2–20 mm in diameter) in the deep cerebral white 

matter, basal ganglia, or pons, presumed to result from the occlusion of a single small 

perforating artery ; cortical strokes as ischemic lesions affecting the cerebral cortex ; and 

subcortical strokes as ischemic lesions of the white or the deep grey matter structures.  

Haemorrhagic lesions included microbleeds, subarachnoid haemorrhage and intraparenchymal 

haemorrhage.  

 

Treatment definitions 

The first day of treatment was defined as the first day on which the patient received a drug 

active against mold. 

Antiplatelet drugs included low-dose aspirin and clopidogrel. 

Anticoagulant therapy included anticoagulants used at therapeutic dose dose.  

 

Statistical analysis 

The primary outcome was 6-week mortality, with follow-up counted from the date of diagnosis 

of cerebral vasculitis.  

Demography and clinical characteristics were presented with medians and interquartile range 

(IQR) or proportions as appropriate. Continuous outcomes were compared with unpaired 

Student t-test, Welch t-test or Mann-Whitney U-test according to data distribution. Discrete 

outcomes were compared with chi-squared or Fisher’s exact test accordingly. We used the 

Kaplan-Meier method to estimate survival probabilities and their pointwise 95% confidence 
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intervals. The log-rank non-parametric test for comparison of survival distributions was used 

to compare survival differences between haematogenous and contiguous groups. 

Statistical analysis were performed with the program R studio (version 4.2.2) and EasyMedStat 

(version 3.25). All tests were two-tailed, and p-values of 0.05 or less considered statistically 

significant.  

 

Ethical considerations 

The study was approved by the institutional review board of Necker-Enfants Malades Hospital 

(2017-AS-13) and was declared to the “Commission Nationale de l’Informatique et des 

Libertés” in accordance with French law. All clinical data were recorded anonymously. 
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4. Results 

Forty-eight patients with cerebral aspergillosis and vascular involvement were identified from 

the CEREbral Aspergillosis Lesional Study (CEREALS) (22). Seventeen patients with 

mucormycosis and vascular involvement were identified from the French cohort of cerebral 

mucormycosis (25). After imaging and clinical review, 17 patients with aspergillosis and 7 

patients with mucormycosis were excluded due to the absence of evidence for IFI vasculitis 

(fig. 1), of whom 14 and 4 patients respectively had cerebritis confused with ischemic lesions 

(fig. 6).   

 

Fig 1. Flow chart 

 
* Patients with cerebral vascular involvement were identified from the CEREbral Aspergillosis Lesional Study 

(CEREALS)22 and the French cerebral mucormycosis study 25.  
§ Patients were excluded if radiological and clinical review did not conclude vascular involvement.   
£ Patients with proven or probable extra-neurological aspergillosis and mucormycosis co-infection and whose 

neurological lesions were not attributable to one or the other. 

Abbreviations : CA : cerebral aspergillosis ; CM : cerebral mucormycosis. 
 

Patients’ characteristics 

In total, 41 patients with cerebral vasculitis due to cerebral aspergillosis (28 patients, 11 proven, 

17 probable), cerebral mucormycosis (9 patients, 6 proven, 3 probable) or aspergillosis and 

mucormycosis co-infections (4 patients, all probable) from 14 French hospitals were included 

in this study (fig. 1). The main baseline characteristics of patients are presented in Table 1 and 
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Table 2. Sixty-one percent were male and the median age at diagnosis was 58 years [47-68]. 

One patient was a child.  

The most common underlying diseases were haematologic malignancies (n=17; 41%), mostly 

at diagnosis or relapsed/refractory haematologic malignancies (n=15/17; 88%), followed by 

solid organ transplantation (n=12; 29%), diabetes (n=9; 22%) and auto-immune diseases (n=8; 

20%). The most commonly immunosuppressive drugs were corticosteroids (59%), followed by 

mycophenolate mofetil (27%), tacrolimus (22%), rituximab (17%) and cyclosporine (10%).  

Patients with mucormycosis or aspergillosis and mucormycosis co-infection were more 

frequently affected by haematologic malignancies (89% and 75% respectively) than patients 

with aspergillosis (21%).  

 

Twenty-six patients (63%) had cardiovascular risk factors, mostly hypertension (46%), 

diabetes (22%) and dyslipidaemia (17%). In the mucormycosis group, patients rarely had 

cardiovascular risk factors (n=2/9; 22%) including only one diabetic patient (11%). 

  

Cerebral vasculitis occurred by presumed haematogenous dissemination in 23 (56%) patients 

(16 in cerebral aspergillosis, 4 in cerebral mucormycosis and 3 in cerebral co-infections) and 

by direct extension from a contiguous site in 18 (44%) patients (12 in cerebral aspergillosis, 5 

in cerebral mucormycosis and 1 in cerebral co-infections). Contiguous infections were 

developed from the sinus in 17 patients (11 had sphenoid sinus involvement, 8 maxillary sinus, 

4 frontal sinus and 3 ethmoid sinus) and from the ear in 1 patient. 

 

Clinical presentation 

The clinical findings at diagnosis of vascular complication are presented in Table 1 and Table 

2. Thirty patients (73%) were hospitalized in an intensive care unit at the time of diagnosis.  

Fever was present in 49% of the patients. The main neurological symptoms reported were 

impaired consciousness (76%), cranial nerve palsy (49%), a focal sign such as motor deficit of 

the limb, aphasia or cerebellar syndrome (44%), headache (39%), seizure (7%), and signs of 

cerebral hypertension (5%). All patients had neurological symptoms and/or clinical signs at 

diagnosis, with only one patient having neurological symptom (headaches) with no objective 

clinical signs on neurological examination.  

Headaches and cranial nerve palsies were more frequently found in contiguous infections (61% 

and 89% respectively) than in haematogenous disseminations (22% and 17% respectively). On 
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the other hand, impaired consciousness were mainly seen in the haematogenous group (91% of 

patients versus 56% of patients in the contiguity group). 

The median time between onset of neurological symptoms and diagnosis of vascular 

involvement was 1 day [0-16]. The majority of patients had a concurrent (≤ 5 days) diagnosis 

of IFI and cerebral vasculitis (n=27; 66%).  

Other diagnoses (n=14; 34%) occurred with a median delay of 26 days [17-53] since IFI 

diagnosis, mostly in case of treatment failure (n=12/14; 86%). Among them, 8 patients had 

aspergillosis (57%), 4 mucormycosis (29%) and 2 aspergillosis and mucormycosis co-

infections (14%). Vascular complications occurring at a distance from cerebral IFI diagnosis 

were more frequently haemorrhagic lesions (57% versus 33% for concomitant lesions). This 

may be related to haemorrhagic transformations of pre-existing infectious lesions.  

 

Extra-cerebral localizations, in particular sub-diaphragmatic, were frequent in the case of 

mucormycosis (44% of patients had kidney, liver, spleen and/or gastro-intestinal tract 

localization), concordant with disseminated mucormycosis. Two patients had endocarditis. 

One was a 55-year-old liver transplant patient who developed invasive pulmonary aspergillosis 

with mitral endocarditis and myocardial abscess. Cerebral lesions associated ischemic embolic 

strokes, haemorrhagic lesions and abscesses. He underwent heart surgery (resection of 

myocardial abscess without valve replacement), the samples of which identified Aspergillus 

fumigatus. The evolution was favorable after 1 year of antifungal treatment (including 2 months 

of dual therapy). The second patient, aged 49 and treated for newly diagnosed acute myeloid 

leukemia, was hospitalized in intensive care for multi-organ failure. A diagnosis of 

disseminated mucormycosis was made with mitral endocarditis and multiple ischemic strokes. 

The patient died after 1 month of hospitalization despite dual therapy with amphotericin B and 

isavuconazole. 
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Table 1. Clinical and biological characteristics of patients at diagnosis*, by pathogen  
Variables Total (n=41) Aspergillosis 

(n=28) 
Mucormycosis 

(n=9) 
Co-infections 

(n=4) 
Age (years) at diagnosis, median [IQR] 58 [47-68] 59 [46,3-73,5] 50 [34-57] 64 [60,3-67,5] 
Women, n (%) 16/41 (39%) 11/28 (39%) 5/9 (56%) 0/4 (0%) 
Main underlying conditions, n (%)     

* Hematologic malignancy§ 17/41 (41%) 6/28 (21%) 8/9 (89%) 3/4 (75%) 
- Acute myeloid leukemia 8/17 (47%) 4/6 (33%) 4/8 (50%) 0/3 (0%) 
- Lymphoma 7/17 (41%) 2/6 (33%) 3/8 (38%) 2/3 (67%) 
- Acute lymphoid leukemia 2/17 (12%) 0/6 (0%) 2/8 (25%) 0/3 (0%) 

* Allo-HCST 5/41 (12%) 2/28 (7%) 3/9 (33%) 0/4 (0%) 
* GVHd 3/41 (7%) 1/28 (4%) 2/9 (22%) 0/4 (0%) 
* Solid organ transplant ¤ 12/41 (29%) 11/28 (39%) 0/9 (0%) 1/4 (25%) 
* Diabetes mellitus 9/41 (22%) 7/28 (25%) 1/9 (11%) 1/4 (25%) 
* Auto-immune disease 8/41 (20%) 7/28 (25%) 1/9 (11%) 0/4 (0%) 
* No underlying disease 4/41 (10%) 3/28 (11%) 1/9 (11%) 0/4 (0%) 

CVDs risk factors ≥ 1, n (%) 26/41 (63%) 21/28 (75%) 2/9 (22%) 3/4 (75%) 
Neutropenia at diagnosis, n (%) 15/41 (37%) 6/28 (21%) 6/9 (67%) 3/4 (75%) 
Hemostasis disorders and/or 
thrombopenia at diagnosis, n (%) 

24/41 (59%) 13/28 (46%) 8/9 (89%) 3/4 (75%) 

Clinical signs, n (%)      
* Fever 20/41 (49%) 11/28 (39%) 7/9 (78%) 2/4 (50%) 
* Headache 16/41 (39%) 12/28 (43%) 4/9 (44%) 0/4 (0%) 
* Meningeal syndrome 7/41 (17%) 4/28 (14%) 3/9 (33%) 0/4 (0%) 
* Intracranial hypertension 2/41 (5%) 2/28 (7%) 0/9 (0%) 0/4 (0%) 
* Impaired consciousness 31/41 (76%) 20/28 (71%) 7/9 (78%) 4/4 (100%) 
* Seizure 3/41 (7%) 2/28 (7%) 0/9 (0%) 1/4 (25%) 
* Focal sign 18/41 (44%) 15/28 (54%) 2/9 (22%) 1/4 (25%) 
* Cranial nerve palsy 20/41 (49%) 14/28 (50%) 5/9 (56%) 1/4 (25%) 
* No neurological signs or symptoms 0/41 (0%) 0/28 (0%) 0/9 (0%) 0/4 (0%) 

Median time between IFI diagnosis and 
vascular involvement (days) [IQR]  

1 [0-16] 0 [0-11] 3 [1-16] 10 [3-17.5] 

Route of dissemination, n(%)     
* Haematogenous dissemination 23/41 (56%) 16/28 (57%) 4/9 (44%) 3/4 (75%) 
* Contiguous extension 18/41 (44%) 12/28 (43%) 5/9 (56%) 1/4 (25%) 

Extra-cerebral localization of infection&, 
n (%) 

    

* Lung 25/41 (61%) 16/28 (57%) 5/9 (56%) 4/4 (100%) 
* Sinus 17/41 (41%) 11/28 (39%) 5/9 (56%) 1/4 (25%) 
* Spleen 5/41 (12%) 1/28 (4%) 4/9 (44%) 0/4 (0%) 
* Liver 5/41 (12%) 1/28 (4%) 4/9 (44%) 0/4 (0%) 
* Kidney 7/41 (17%) 3/28 (11%) 3/9 (33%) 1/4 (25%) 
* Skin 3/41 (7%) 0/28 (0%) 3/9 (33%) 0/4 (0%) 
* Endocarditis 2/41 (5%) 1/28 (4%) 1/9 (11%) 0/4 (0%) 
* Bone 1/41 (2%) 1/28 (4%) 0/9 (0%) 0/4 (0%) 
* Thyroid 3/41 (7%) 2/28 (7%) 0/9 (0%) 1/4 (25%) 
* Gastro-intestinal tract 4/41 (10%) 2/28 (7%) 2/9 (22%) 0/4 (0%) 
* None 2/41 (5%) 2/28 (7%) 0/9 (0%) 0/4 (0%) 

C-reactive protein level, median [IQR], 
mg/L (n=33) 

96 [50-229] 59 [50-125] 300 [274-368] 226 [89-228] 

Abbreviations: allo-HCST : allogeneic hematopoietic stem cell transplantation ; CVD : cardiovascular disease ; 
GVHd : graft versus host disease ; IFI : invasive fungal infection ; IQR : interquartile range.  
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* At diagnosis of vascular complication 

§ Hematologic malignancies included acute leukemia (8 cases of myeloid leukemia and 2 of lymphoblastic 
leukemia), lymphoma (6 patients), and 4 other bone marrow disorders (one case of haemophagocytic syndrome 
and 3 of myelodysplastic syndrome).  
¤ Solid organ transplant included 6 kidney, 3 liver, 2 heart and 1 combined heart-liver transplant recipients. 
& Extra-cerebral locations were defined either by positive organ biopsies or by autopsy. 

 
 
Table 2. Clinical and biological characteristics of patients at diagnosis*, by route of 
dissemination 

Variables Total 
(n=41) 

Haematogenous 
dissemination (n=23) 

Contiguous extension 
(n=18) 

Age (years) at diagnosis, median [IQR] 58 [47-68] 55 [44-61] 67 [54-76] 
Women, n (%) 16/41 (39%) 7/23 (30%) 9/18 (50%) 
Main underlying conditions, n (%)    

* Hematologic malignancy§ 17/41 (41%) 8/23 (35%) 9/18 (50%) 
- Acute myeloid leukemia 8/17 (47%) 4/8 (50%) 4/9 (44%) 
- Lymphoma 7/17 (41%) 4/8 (50%) 3/9 (33%) 
- Acute lymphoid leukemia 2/17 (12%) 1/8 (13%) 1/9 (11%) 

* Allo-HCST 5/41 (12%) 1/23 (4%) 4/18 (22%) 
* GVHd 3/41 (7%) 1/23 (4%) 2/18 (11%) 
* Solid organ transplant¤ 12/41 (29%) 10/23 (43%) 2/18 (11%) 
* Diabetes mellitus 9/41 (22%) 6/23 (26%) 3/18 (17%) 
* Auto-immune disease 8/41 (20%) 6/23 (26%) 2/18 (11%) 
* No underlying disease 4/41 (10%) 1/23 (4%) 3/18 (17%) 

CVDs risk factors ≥ 1, n (%) 26/41 (63%) 11/23 (48%) 15/18 (83%) 
Neutropenia at diagnosis, n (%) 15/41 (37%) 8/23 (35%) 7/18 (39%) 
Hemostasis disorders and/or 
thrombopenia at diagnosis, n (%) 

24/41 (59%) 15/23 (65%) 9/18 (50%) 

Clinical signs, n (%)     
* Fever 20/41 (49%) 9/23 (39%) 11/18 (61%) 
* Headache 16/41 (39%) 5/23 (22%) 11/18 (61%) 
* Meningeal syndrome 7/41 (17%) 4/23 (17%) 3/18 (17%) 
* Intracranial hypertension 2/41 (5%) 1/23 (4%) 1/18 (6%) 
* Impaired consciousness 31/41 (76%) 21/23 (91%) 10/18 (56%) 
* Seizure 3/41 (7%) 3/23 (13%) 0/18 (0%) 
* Focal sign 18/41 (44%) 9/23 (39%) 9/18 (50%) 
* Cranial nerve palsy 20/41 (49%) 4/23 (17%) 16/18 (89%) 
* No neurological signs or symptoms 0/41 (0%) 0/23 (0%) 0/18 (0%) 

Median time between IFI diagnosis and 
vascular involvement (days) [IQR]  

1 [0-16] 4 [0-16] 0.5 [0-9] 

Type of infection, n(%)    
* Aspergillosis 28/41 (68%) 16/23 (70%) 12/18 (67%) 
* Mucormycosis 9/41 (22%) 4/23 (17%) 5/18 (28%) 
* Aspergillosis and mucormycosis co-
infection 

4/41 (10%) 3/23 (13%) 1/18 (6%) 

Extra-cerebral localization of infection&, 
n (%) 

   

* Lung 25/41 (61%) 22/23 (96%) 3/18 (17%) 
* Sinus 17/41 (41%) 1/23 (4%) 16/18 (89%) 
* Spleen 5/41 (12%) 4/23 (17%) 1/18 (6%) 
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* Liver 5/41 (12%) 4/23 (17%) 1/18 (6%) 
* Kidney 7/41 (17%) 7/23 (30%) 0/18 (0%) 
* Skin 3/41 (7%) 3/23 (13%) 0/18 (0%) 
* Endocarditis 2/41 (5%) 2/23 (9%) 0/18 (0%) 
* Bone 1/41 (2%) 1/23 (4%) 0/18 (0%) 
* Thyroid 3/41 (7%) 3/23 (13%) 0/18 (0%) 
* Gastro-intestinal tract 4/41 (10%) 3/23 (13%) 1/18 (6%) 
* None 2/41 (5%) 1/23 (4%) 1/18 (6%) 

C-reactive protein level, median [IQR], 
mg/L (n=33) 

96 [50-229] 137 [74-257] 54 [30-93] 

Abbreviations: allo-HCST : allogeneic hematopoietic stem cell transplantation ; CVD : cardiovascular disease ; 
GVHd : graft versus host disease ; IFI : invasive fungal infection ; IQR : interquartile range.  
* At diagnosis of vascular complication 
§ Hematologic malignancies included acute leukemia (8 cases of myeloid leukemia and 2 of lymphoblastic 
leukemia), lymphoma (6 patients), and 4 other bone marrow disorders (one case of haemophagocytic syndrome 
and 3 of myelodysplastic syndrome).  
¤ Solid organ transplant included 6 kidney, 3 liver, 2 heart and 1 combined heart-liver transplant recipients. 
& Extra-cerebral locations were defined either by positive organ biopsies or by autopsy. 
 

 

Fungal culture, biomarkers and cerebrospinal fluid characteristics 

Considering all the samples analyzed (including extracerebral samples such as broncho-

alveolar fluid and sinus biopsies), cultures were positive in 31 (76%) patients (Table 3). 

Aspergillus fumigatus was the most frequent isolated specie in case of aspergillosis (90% of 

isolates). Rhizomucor (75%) followed by Rhizopus (25%) and Lichtheimia (25%), were the 

main genera identified by PCR and/or culture in patients with mucormycosis or co-infections.  

In the sera, among patients with aspergillosis, 16/24 (67%) had a positive GM at diagnosis, 

7/11 (64%) had a positive β-D-glucan, and 6/9 (67%) a positive Aspergillus PCR. Median index 

of positive GM and of β-D-glucan were 1.7 [1.3-5.0] and 250 pg/ml [199-456], respectively. 

For mucormycosis or co-infections, all of the 6 serum Mucorales PCR performed were positive.  

Twenty-two patients (54%) had a lumbar puncture at diagnosis. No direct mycological 

examination was positive and only 2 (9%) of the 22 CSF mycological cultures performed were 

positive. CSF analysis showed evidence of meningitis in 14/20 patients (70%), with a median 

CSF WBC count of 37/mm3 [15-715] and a predominance of neutrophils in 57% of the samples. 

CSF cellularity was higher in aspergillosis (193 WBC/mm3 [19-1050]) than in mucormycosis 

(6 WBC/mm3 [6-26]) and co-infections (16 WBC/mm3 [16-16]). Hypoglycorachia was 

observed in 5 patients (out of 15 lumbar punctures with available glyorachia, 33%). Among 

patients with aspergillosis, 6/7 (86%) had a positive CSF GM, 2/4 (50%) had a positive β-D-

glucan and 6/8 (75%) a positive Aspergillus PCR.  
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Table 3. Fungal culture, biomarkers and cerebrospinal fluid characteristics  
Variables Total 

(n=41) 
Aspergillosis 

(n=28) 
Mucormycosis 

(n=9) 
Co-infections 

(n=4) 
Positive culture$, n(%) 31/41 (76%) 21/28 (75%) 7/9 (78%) 3/4 (75%) 
Site of positive culture, n(%)     

Cerebral biopsy/surgery 4/5 (80%) 3/4 (75%) 1/1 (100%) ND 
Sinus 9/14 (64%) 6/9 (67%) 3/5 (60%) ND 
Lung 15/17 (88%) 11/13 (85%) 4/4 (100%) 3/4 (75%) 
Liver 2/2 (100%) ND 2/2 (100%) ND 
Skin 2/2 (100%) ND 2/2 (100%) ND 
Ear 1/1 (100%) 1/1 (100%) ND ND 

Fungal identification§, n(%)     
* A. fumigatus  19/21 (90%) NA 2/4 (50%) 
* A. flavus  1/21 (5%) NA 0/4 (0%) 
* A. nidulans  2/21 (10%) NA 0/4 (0%) 
* Rhizopus sp.  NA 2/8 (25%) 1/4 (25%) 

Rhizopus arrhizus  NA 1/2 (50%) 0/1 (0%) 
Rhizopus microsporus  NA ND 1/1 (100%) 

* Rhizomucor sp.  NA 3/8 (38%) 3/4 (75%) 
Rhizomucor pusillus  NA 1/3 (33%) 1/3 (33%) 

* Mucor sp.  NA 2/8 (25%) 0/4 (0%) 
* Lichtheimia sp.  NA 1/8 (13%) 1/4 (25%) 

Lichtheimia corymbifera  NA 1/1 (100%) ND 
Serum analysis     

Positive GM*, n(%)  16/24 (67%) NA 3/4 (75%) 
Median index of the positive GM [IQR]  1.7 [1.3-5.0] NA 3.0 [1.9-3.7] 
Positive β-D-glucan (> 80 pg/ml), n(%)  7/11 (64%) NA ND 
Median index of the positive β-D-glucan 
[IQR] 

 250 [199-456] NA ND 

Positive Aspergillus PCR, n(%)  6/9 (67%) NA 1/1 (100%) 
Positive Mucorales PCR, n(%)  NA 4/4 (100%) 2/2 (100%) 

CSF analysis (22 lumbar punctures), n(%)     
Meningitis (WBC > 5/mm3), n (%) 14/20 (70%) 10/13 (77%) 3/6 (50%) 1/1 (100%) 
Median WBC count in cases of meningitis 
[IQR], WBC/mm3 

37 [15-715] 193 [19-1050] 6 [6-26] 16 [16-16] 

Predominance of polynuclear neutrophils 
in cases of meningitis, n (%) 

8/14 (57%) 7/10 (70%) 1/3 (33%) 0/1 (0%) 

High CSF protein level (≥ 0.5 g/L), n (%) 13/15 (87%) 7/9 (78%) 5/5 (100%) 1/1 (100%) 
Positive direct examination 0/22 (0%) 0/14 (0%) 0/6 (0%) 0/2 (0%) 
Positive culture 2/22 (9%) 2/14 (14%) 0/6 (0%) 0/2 (0%) 
Positive GM (> 1.0)  6/7 (86%) NA 0/2 (0%) 
Positive β-D-glucan (> 80 pg/ml)   2/4 (50%) NA ND 
Positive Aspergillus PCR   6/8 (75%) NA 0/1 (0%) 
Positive Mucorales PCR   NA ND 0/1 (0%) 

Abbreviations: CSF : cerebrospinal fluid, GM : galactomannan antigen, IQR : interquartile range, NA : not 
applicable, ND : no data, PCR : polymerase chain reaction, WBC : white blood cell.  
$ including all positive cultures from cerebral biopsies/surgeries, cerebrospinal fluid, sinus biopsies, lung biopsies, 
bronchoalveolar fluid, skin and liver 

§ including identification from fungal cultures and from Mucorales PCR 
* ≥ 1.0 or ≥ 0.7 with GM in BAL fluid ≥0.8. 
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Histologic findings 

Brain histopathologic analysis were available for 12 patients (9 autopsies and 3 brain biopsies) 

and revealed mycelial filaments in 10/12 (83%) samples. Examination of the large brain vessels 

revealed thrombosis in 5/12 (42%) cases, necrosis in 5/12 (42%) and transparietal mycelial 

filaments in 4/12 (33%).  

 

 

Brain imaging characteristics 

We were able to recover and analyze diagnostic cerebral imaging for all the 41 patients : 33 

MRI and 33 CT-scan. Good quality imaging exploring the cerebral vessels was available for 

20 patients. Radiological findings are displayed in Tables 4 to 7.  

 

Direct vascular lesions were seen in 25 (61%) patients, mainly affecting large vessels (n=21/25; 

84%). Vessel abnormalities consisted essentially of stenosis/occlusion (n=20/25; 80%) 

followed by aneurysm/dissection (n=7/25; 28%).  

Arterial stenosis/occlusion most often affected the internal carotid artery (n=16/20; 80%, Table 

4).  

Aneurysms and dissections mainly affected the internal carotid artery (n=3/7; 43%) and the 

distal branches of the middle cerebral artery (n=4/7; 57%). They were only seen in the case of 

aspergillosis (alone or with mucormycosis co-infection).  

Arterial stenoses/occlusions were associated with ischemic stroke in 70% of cases while 

aneurysms/dissections were associated with haemorrhagic lesions in 71% of cases.  

Nine patients (22%) had cerebral venous sinus thrombosis mainly involving cavernous sinus 

(n=6/9; 67%). Most of them (n=8/9; 89%) had associated arterial stenosis or occlusion. In 

particular, the association of cavernous sinus thrombophlebitis and stenosis or occlusion of the 

internal carotid artery was found in 6 patients.  

Considering the mode of dissemination, stenoses/occlusions were mainly encountered in cases 

of contiguity infections (75%, p<0.001) while aneurysms/dissections mainly complicated 

haematogenous infections (86%, p=0.112).  
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Table 4. Clinical and radiological characteristics associated with the main vessel 
abnormalities 

Variables Total  
(n=41) 

Cerebral venous 
thrombosis 

(n=9) 

Arterial 
stenosis/ 
occlusion 

(n=20) 

Aneurysm/ 
dissection 

(n=7) 

Main underlying conditions, n (%)     
* Hematologic malignancy 17/41 (41%) 3/9 (33%) 9/20 (45%) 1/7 (14%) 
* Solid organ transplant 12/41 (29%) 1/9 (11%) 4/20 (20%) 2/7 (29%) 
* Diabetes mellitus 9/41 (22%) 2/9 (22%) 3/20 (15%) 1/7 (14%) 
* Auto-immune disease 8/41 (20%) 0/9 (0%) 1/20 (5%) 2/7 (29%) 
* No underlying disease 4/41 (10%) 3/9 (33%) 3/20 (15%) 1/7 (14%) 

CVDs risk factors ≥ 1, n (%) 26/41 (63%) 5/9 (55%) 13/20 (65%) 3/7 (43%) 
Neutropenia at diagnosis, n (%) 15/41 (37%) 3/9 (33%) 6/20 (30%) 1/7 (14%) 
Hemostasis disorders and/or thrombopenia 
at diagnosis, n (%) 

24/41 (59%) 3/9 (33%) 9/20 (45%) 4/7 (57%) 

Clinical signs, n (%)      
* Fever 20/41 (49%) 6/9 (67%) 11/20 (55%) 1/7 (14%) 
* Headache 16/41 (39%) 5/9 (55%) 12/20 (60%) 2/7 (29%) 
* Meningeal syndrome 7/41 (17%) 3/9 (33%) 5/20 (25%) 1/7 (14%) 
* Intracranial hypertension 2/41 (5%) 0/9 (0%) 1/20 (5%) 1/7 (14%) 
* Impaired consciousness 31/41 (76%) 4/9 (44%) 11/20 (55%) 5/7 (71%) 
* Seizure 3/41 (7%) 0/9 (0%) 0/20 (0%) 1/7 (14%) 
* Focal sign 18/41 (44%) 3/9 (33%) 10/20 (50%) 3/7 (43%) 
* Cranial nerve palsy 20/41 (49%) 8/9 (89%) 16/20 (80%) 2/7 (29%) 
* Ophtalmic signs 8/41 (20%) 4/9 (44%) 7/20 (35%) 1/7 (14%) 
* No neurological signs or symptoms 0/41 (0%) 0/9 (0%) 0/9 (0%) 0/7 (0%) 

Type of infection, n(%)     
* Aspergillosis 28/41 (68%) 5/9 (55%) 13/20 (65%) 6/7 (86%) 
* Mucormycosis 9/41 (22%) 4/9 (44%) 5/20 (25%) 0/7 (0%) 
* Aspergillosis and mucormycosis co-
infection 

4/41 (10%) 0/9 (0%) 2/20 (10%) 1/7 (14%) 

Route of dissemination, n(%)     
* Haematogenous dissemination 23/41 (56%) 1/9 (11%) 5/20 (25%) 6/7 (86%) 
* Contiguous extension 18/41 (44%) 8/9 (89%) 15/20 (75%) 1/7 (14%) 

- Sphenoid sinus involvement 11/41 (27%) 3/8 (38%) 8/15 (53%) 1/1 (100%) 
- Maxillary sinus involvement 8/41 (20%) 3/8 (38%) 5/15 (33%) 0/1 (0%) 
- Frontal sinus involvement 4/41 (10%) 0/8 (0%) 1/15 (7%) 0/1 (0%) 
- Ethmoid sinus involvement 3/41 (7%) 2/8 (25%) 3/15 (20%) 0/1 (0%) 
- Ear involvement 1/41 (2%) 1/8 (13%) 1/15 (7%) 0/1 (0%) 

Localization of vessel abnormality, n(%)     
* Cavernous sinus - 6/9 (67%) NA NA 
* Sigmoid sinus - 2/9 (22%) NA NA 
* Transverse sinus - 1/9 (11%) NA NA 
* Internal carotid arteries - NA 16/20 (80%) 3/7 (43%) 
* Vertebrobasilar arteries - NA 3/20 (15%) 0/7 (0%) 
* A1/M1/P1 segments - NA 3/20 (15%) 1/7 (14%) 
* Distal branches of  MCA - NA 1/20 (5%) 4/7 (57%) 
* Distal branches of ACA/PCA - NA 0/20 (0%) 2/7 (29%) 
* Perforating arteries - NA 0/20 (0%) 1/7 (14%) 
* Cerebellar arteries - NA 0/20 (0%) 1/7 (14%) 

Associated vessel abnormalities, n(%)     
* Cerebral venous thrombosis - NA 9/20 (45%) 0/7 (0%) 
* Arterial stenosis/occlusion - 8/9 (89%) NA 1/7 (14%) 
* Aneurysm/dissection - 0/9 (0%) 1/20 (5%) NA 
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Ischemic lesions, n(%) 27/41 (66%) 4/9 (44%) 14/20 (70%) 4/7 (57%) 
* Cortical infarct 7/27 (26%) 1/4 (25%) 2/14 (14%) 1/4 (25%) 
* Subcortical infarct 14/27 (52%) 1/4 (25%) 6/14 (43%) 3/4 (75%) 
* Lacunar infarct 3/27 (11%) 0/4 (0%) 1/14 (7%) 0/4 (0%) 
* Border-zone infarct 11/27 (41%) 3/4 (75%) 8/14 (57%) 0/4 (0%) 

Haemorrhagic lesions, n(%) 16/41 (39%) 1/9 (11%) 0/20 (0%) 5/7 (71%) 
* Intraparenchymal haemorrhage 13/16 (81%) 1/1 (100%) - 5/5 (100%) 
* Subarachnoid haemorrhage 6/16 (38%) 0/1 (0%) - 2/5 (40%) 
* Microbleeds 6/16 (38%) 0/1 (0%) - 2/5 (40%) 

Associated lesions, n(%)     
* Abscess 13/41 (32%) 1/9 (11%) 5/20 (25%) 6/7 (86%) 
* Cerebritis 8/41 (20%) 3/9 (33%) 3/20 (15%) 1/7 (14%) 
* Radiological meningitis 11/41 (27%) 6/9 (67%) 9/20 (45%) 0/7 (0%) 
* Ventriculitis 2/41 (5%) 1/9 (11%) 2/20 (10%) 0/7 (0%) 
* Radiological hypophysitis and/or optic 

chiasm lesion 
3/41 (7%) 1/9 (11%) 3/20 (15%) 0/7 (0%) 

Surgical treatment, n(%)     
* Neurosurgery 1/41 (2%) 1/9 (11%) 1/20 (5%) 0/7 (0%) 
* Sinus/ear surgery 8/41 (20%) 5/9 (55%) 8/20 (40%) 0/7 (0%) 

Antithrombotic and anti-inflammatory 
treatments, n(%) 

    

* Antiplatelet therapy 4/41 (10%) 1/9 (11%) 3/20 (15%) 1/7 (14%) 
* Anticoagulant therapy (therapeutic dose) 3/41 (7%) 1/9 (11%) 3/20 (15%) 1/7 (14%) 
* Endovascular embolization 2/41 (5%) 0/9 (0%) 2/20 (10%) 1/7 (14%) 
* Corticotherapy 6/41 (15%) 2/9 (22%) 6/20 (30%) 0/7 (0%) 

New vascular event, n(%) 16/41 (39%) 3/9 (33%) 8/20 (40%) 4/7 (57%) 
* Ischemic stroke 13/16 (81%) 2/3 (67%) 7/8 (88%) 2/4 (50%) 
* Haemorrhagic stroke 3/16 (19%) 1/3 (33%) 1/8 (13%) 2/4 (50%) 

6-week mortality, n(%) 27/41 (66%) 3/9 (33%) 8/20 (40%) 5/7 (71%) 

Abbreviations: A1 : A1 segment of anterior cerebral artery; ACA : anterior cerebral artery ; CVD : cardiovascular 
disease ; IQR : interquartile range ; M1 : M1 segment of middle cerebral artery; MCA : middle cerebral artery ; 
NA : not applicable ; P1 : P1 segment of posterior cerebral artery; PCA : posterior cerebral artery 
 

Sixteen patients (39%) had strokes without detected vessel abnormality and 2 patients (5%) 

had vessel abnormalities without parenchymal involvement.  

Ischemic lesions were seen in 27 patients (66%), mainly subcortical infarcts (n=14/27; 52%) 

and border-zone infarcts (n=11/27; 41%), and most frequently in the territory of the middle 

cerebral artery (n=18/27; 67%). Sixteen patients (39%) had haemorrhagic lesions of whom 

81% were intraparenchymal haemorrhage (Table 5). Brain imaging at diagnosis found multiple 

strokes in 31 patients (79% of strokes). 
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Table 5. Clinical and radiological characteristics associated with strokes 
Variables  Total  

(n=41) 
Ischemic 
strokes 
(n=27) 

Haemorrhagic 
strokes 
(n=16) 

Main underlying conditions, n (%)    
* Hematologic malignancy 17/41 (41%) 10/27 (37%) 4/16 (25%) 
* Solid organ transplant 12/41 (29%) 9/27 (33%) 6/16 (38%) 
* Diabetes mellitus 9/41 (22%) 6/27 (22%) 5/16 (31%) 
* Auto-immune disease 8/41 (20%) 5/27 (19%) 5/16 (31%) 
* No underlying disease 4/41 (10%) 3/27 (11%) 1/16 (6%) 

CVDs risk factors ≥ 1, n (%) 26/41 (63%) 19/27 (70%) 9/16 (56%) 
Neutropenia at diagnosis, n (%) 15/41 (37%) 7/27 (26%) 6/16 (38%) 
Hemostasis disorders or thrombopenia at diagnosis, n (%) 24/41 (59%) 15/27 (56%) 11/16 (69%) 
Clinical signs, n (%)     

* Fever 20/41 (49%) 13/27 (48%) 6/16 (38%) 
* Headache 16/41 (39%) 11/27 (41%) 3/16 (19%) 
* Meningeal syndrome 7/41 (17%) 4/27 (15%) 2/16 (13%) 
* Intracranial hypertension 2/41 (5%) 1/27 (4%) 1/16 (6%) 
* Impaired consciousness 31/41 (76%) 21/27 (78%) 15/16 (94%) 
* Seizure 3/41 (7%) 1/27 (4%) 3/16 (19%) 
* Focal sign 18/41 (44%) 14/27 (52%) 6/16 (38%) 
* Cranial nerve palsy 20/41 (49%) 14/27 (52%) 1/16 (6%) 

Type of infection, n(%)    
* Aspergillosis 28/41 (68%) 19/27 (70%) 12/16 (75%) 
* Mucormycosis 9/41 (22%) 6/27 (22%) 2/16 (13%) 
* Aspergillosis and mucormycosis co-infection 4/41 (10%) 2/27 (7%) 2/16 (13%) 

Route of dissemination, n(%)    
* Haematogenous dissemination 23/41 (56%) 14/27 (52%) 15/16 (94%) 
* Contiguous extension 18/41 (44%) 13/27 (48%) 1/16 (6%) 

- Sphenoid sinus involvement 11/41 (27%) 9/13 (69%) 1/1 (100%) 
- Maxillary sinus involvement 8/41 (20%) 6/13 (46%) 1/1 (100%) 
- Frontal sinus involvement 4/41 (10%) 3/13 (23%) 1/1 (100%) 
- Ethmoid sinus involvement 3/41 (7%) 3/13 (23%) 1/1 (100%) 
- Ear involvement 1/41 (2%) 1/13 (8%) 0/1 (0%) 

Associated vessel abnormalities, n(%)    
* Cerebral venous thrombosis 9/41 (22%) 4/27 (15%) 1/16 (6%) 
* Arterial stenosis/occlusion 20/41 (49%) 14/27 (52%) 0/16 (0%) 
* Aneurysm/dissection 7/41 (17%) 3/27 (11%) 5/16 (31%) 

Associated lesions, n(%)    
* Abscess 13/41 (32%) 7/27 (26%) 8/16 (50%) 
* Cerebritis 8/41 (20%) 3/27 (11%) 4/16 (25%) 
* Radiological meningitis 11/41 (27%) 8/27 (30%) 0/16 (0%) 
* Ventriculitis 2/41 (5%) 2/27 (7%) 0/16 (0%) 
* Radiological hypophysitis and/or optic chiasm lesion 3/41 (7%) 3/27 (11%) 0/16 (0%) 

Antithrombotic and anti-inflammatory treatments, n(%)    
* Antiplatelet therapy 4/41 (10%) 4/27 (15%) 1/16 (6%) 
* Anticoagulant therapy (therapeutic dose) 3/41 (7%) 2/27 (7%) 0/16 (0%) 
* Endovascular embolization 2/41 (5%) 2/27 (7%) 0/16 (0%) 
* Corticotherapy 6/41 (15%) 5/27 (19%) 0/16 (0%) 

New vascular event, n(%) 16/41 (39%) 14/27 (52%) 5/16 (31%) 
* Ischemic stroke 13/16 (81%) 12/14 (86%) 3/5 (60%) 
* Haemorrhagic stroke 3/16 (19%) 2/14 (14%) 2/5 (40%) 

6-week mortality, n(%) 27/41 (66%) 18/27 (67%) 14/16 (88%) 

Abbreviations: CVD : cardiovascular disease ; IQR : interquartile range   
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Two patterns of radiological lesions were associated with route of dissemination to the brain 

(fig. 2 and 3).   

Large vessel disease, mostly occlusions and stenosis, was more frequently detected in cases of 

contiguous infection (p<0.001), mainly as the consequence of skull base involvement, whereas 

small vessel disease was only seen in  haematogenous dissemination. Vessel abnormalities 

were more frequent in case of contiguous infection (n=15/18; 83%) than in haematogenous 

dissemination (n=10/23; 43%, p=0.012). This may be due to a high frequency of large vessel 

involvement in sinus infections (n=15/18; 83%), more easily visualized on brain imaging 

(Table 6).  

Ischemic lesions and cerebral venous sinus thrombosis were more often observed in contiguous 

infections (78% and 44% of patients respectively) than in haematogenous infections (57% and 

4% respectively, p=0.196 for ischemic lesions, p=0.005 for cerebral venous sinus thrombosis). 

In particular, border-zone infarcts were more frequently encountered in the contiguous 

infection group (57%) than in the haematogenous dissemination group (23%, p=0.036).  

Conversely, patients with haematogenous spread had more haemorrhagic lesions (65% of 

patients) than whose with contiguity infections (6%, p<0.001).  

Abscesses were mostly seen in the haematogenous dissemination group (n=11/13; 85% of 

abscesses, p=0.018) while all meningeal enhancement and pituitary and optic chiasm lesions 

were observed in the contiguous infection group, often in continuity with the involved sinus. 

 

Imaging abnormalities varied mainly according to route of dissemination but little according 

to the pathogen (Table 7), except more frequent haemorrhagic lesions in case of aspergillosis 

(43% vs 22% in mucormycosis, p=0.53) and more frequent cerebral venous sinus thrombosis 

in mucormycosis than aspergillosis (44% and 18% respectively, p=0.183). Abscesses were 

only seen in aspergillosis and co-infections whereas cerebritis were mostly observed in 

mucormycosis and co-infections (50% and 44% of cerebritis respectively, p=0.023).  

 

One patient had a diagnostic angiography finding multiple aneurysms in the anterior and in the 

posterior circulation.  
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Table 6. Radiological characteristics, by route of dissemination  
Variables Total (n=41) Haematogenous 

dissemination 
(n=23) 

Contiguous 
extension 

(n=18) 

p-value 

Imaging available for analysis, n(%) :      
CT-scan 33/41 (80%) 19/23 (83%) 14/18 (78%)  
MRI 33/41 (80%) 16/23 (70%) 17/18 (94%)  
Vascular imaging$ 20/41 (49%) 8/23 (35%) 12/18 (67%)  
Cerebral angiography 2/41 (5%) 1/23 (4%) 1/18 (6%)  

Large vessel abnormalitiesµ, n(%) 21/41 (51%) 6/23 (26%) 15/18 (83%) <0,001 
Medium vessel abnormalities£, n(%) 5/41 (12%) 5/23 (22%) 0/18 (0%) 0,056 
Small vessel abnormalities%, n(%) 2/41 (5%) 2/23 (9%) 0/18 (0%) 0,495 
Vessel abnormalities, n(%) 25/41 (61%) 10/23 (43%) 15/18 (83%) 0.012 

Stenosis/occlusion 20/25 (80%) 5/10 (50%) 15/15 (100%) <0.001 
Aneurysm/dissection 7/25 (28%) 6/10 (60%) 1/15 (7%) 0.112 
Wall thickening 1/25 (4%) 0/10 (0%) 1/15 (7%) 0.439 
Vessel wall contrast enhancement 1/25 (4%) 0/10 (0%) 1/15 (7%) 0.439 

Ischemic lesions, n(%) 27/41 (66%) 13/23 (57%) 14/18 (78%) 0.196 
Cortical infarct 7/27 (26%) 3/13 (23%) 2/14 (14%) 0.438 
Subcortical infarct 14/27 (52%) 6/13 (46%) 6/14 (43%) >0.999 
Lacunar infarct 3/27 (11%) 1/13 (8%) 2/14 (14%) 0.573 
Border-zone infarct 11/27 (41%) 3/13 (23%) 8/14 (57%) 0.036 

Haemorrhagic lesions, n(%) 16/41 (39%) 15/23 (65%) 1/18 (6%) <0.001 
Intraparenchymal haemorrhage 13/16 (81%) 12/15 (80%) 1/1 (100%) 0.002 
Subarachnoid haemorrhage 6/16 (38%) 5/15 (33%) 1/1 (100%) 0.205 
Microbleeds 6/16 (38%) 6/15 (40%) 0/1 (0%) 0.027 

Cerebral Venous Sinus Thrombosis, 
n(%) 

9/41 (22%) 1/23 (4%) 8/18 (44%) 0.005 

Cavernous sinus 6/9 (67%) 0/1 (0%) 6/8 (75%)  
Sigmoid sinus 2/9 (22%) 0/1 (0%) 2/8 (25%)  
Transverse sinus 1/9 (11%) 1/1 (100%) 0/8 (0%)  

Associated lesions, n(%)     
Abscess 13/41 (32%) 11/23 (48%) 2/18 (11%) 0.018 
Cerebritis 8/41 (20%) 5/23 (22%) 3/18 (17%) >0.999 
Radiological meningitis 11/41 (27%) 0/23 (0%) 11/18 (61%) <0.001 
Ventriculitis 2/41 (5%) 1/23 (4%) 1/18 (6%) >0.999 
Radiological hypophysitis and/or optic 

chiasm lesion 
3/41 (7%) 0/23 (0%) 3/18 (17%) 0.187 

Abbreviations: CT-scan : computed tomography scan, MRI : magnetic resonance imaging,  
$  including CT angiography (CTA), MR angiography (MRA), and catheter angiography.  
µ Large vessels included left and right internal carotid, left and right vertebral arteries, basilar artery, A1 segment 
of anterior cerebral artery, M1 segment of middle cerebral artery and P1 segment of posterior cerebral artery.  
£ Medium vessels included distal branches of the middle cerebral artery, anterior communicating artery and 
posterior communicating artery.  
% Small vessels included distal branches of the anterior cerebral artery, distal branches of the posterior cerebral 
artery, ophthalmic artery, thalamic artery, perforating arteries and cerebellar arteries. 
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Fig 2. CNS imaging of mucormycosis vasculitis following contiguous extension. 

 
Brain MRI showed left internal carotid artery stenosis (A-D), adjacent to the ethmoid sinus. The 

following day : occlusion of the left internal carotid artery and contralateral stenosis, with 

haemodynamic strokes related on axial diffusion-weighted MRI (E). Contiguous spread from sinus with 

left temporal encephalitis (F-G, arrowhead), involvement of the right lateral wall of the cavernous sinus 

(F-G, black arrow) and of the optic chiasm (H) and contact pachymeningitis (I). 
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Fig 3. CNS imaging of aspergillosis vasculitis following hematogenous spread.  

 
Coronal time-of-flight (TOF) MR angiography showed saccular aneurysm of the lenticulostriate artery 
(A) within a deep hematoma of the right lenticular nucleus with slight mass effect on the midline (B-
C). Axial gradient-echo T2*-weighted image showed multiple punctiform or linear subcortical 
microbleeds predominating in the superficial white matter and subcortical U-fibers (D). Presence of two 
necrotic left temporal abscesses with peripheral enhancement on axial T1 post-gadolinium MRI (E).  
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Table 7. Radiological characteristics, by pathogen  
Variables Total (n=41) Aspergillosis 

(n=28) 
Mucormycosis 

(n=9) 
Co-infections 

(n=4) 
p-

value 
Imaging available for analysis, n(%)       

CT-scan 33/41 (80%) 21/28 (75%) 9/9 (100%) 3/4 (75%)  
MRI 33/41 (80%) 22/28 (79%) 8/9 (89%) 3/4 (75%)  
Vascular imaging$ 20/41 (49%) 12/28 (43%) 5/9 (56%) 3/4 (75%)  
Cerebral angiography 2/41 (5%) 2/28 (7%) 0/9 (0%) 0/4 (0%)  

Large vessel abnormalitiesµ, n(%) 21/41 (51%) 14/28 (50%) 5/9 (56%) 2/4 (50%) >0.999 
Medium vessel abnormalities£, n(%) 5/41 (12%) 3/28 (11%) 0/9 (0%) 2/4 (50%) 0.057 
Small vessel abnormalities%, n(%) 2/41 (5%) 2/28 (7%) 0/9 (0%) 0/4 (0%) >0.999 
Vessel abnormalities, n(%) 25/41 (61%) 18/28 (64%) 5/9 (56%) 2/4 (50%) 0.691 

Stenosis/occlusion 20/25 (80%) 13/18 (72%) 5/5 (100%) 2/2 (100%) 0.887 
Aneurysm/dissection 7/25 (28%) 6/18 (33%) 0/5 (0%) 1/2 (50%) 0.327 
Wall thickening 1/25 (4%) 0/18 (0%) 1/5 (20%) 0/2 (0%) 0.317 
Vessel wall contrast enhancement 1/25 (4%) 0/18 (0%) 1/5 (20%) 0/2 (0%) 0.317 

Ischemic lesions, n(%) 27/41 (66%) 19/28 (68%) 6/9 (67%) 2/4 (50%) 0.875 
Cortical infarct 7/27 (26%) 4/19 (21%) 3/6 (50%) 0/2 (0%) 0.403 
Subcortical infarct 14/27 (52%) 9/19 (47%) 3/6 (50%) 2/2 (100%) >0.999 
Lacunar infarct 3/27 (11%) 2/19 (11%) 1/6 (16%) 0/2 (0%) > 

0.999 
Border-zone infarct 11/27 (41%) 6/19 (32%) 4/6 (67%) 1/2 (50%) 0.411 

Haemorrhagic lesions, n(%) 16/41 (39%) 12/28 (43%) 2/9 (22%) 2/4 (25%) 0.53 
Intraparenchymal haemorrhage 13/16 (81%) 11/12 (92%) 1/2 (50%) 1/2 (50%) 0.336 
Subarachnoid haemorrhage 6/16 (38%) 4/12 (33%) 1/2 (50%) 1/2 (50%) 0.803 
Microbleeds 6/16 (38%) 4/12 (33%) 1/2 (50%) 1/2 (50%) 0.803 

Cerebral Venous Sinus Thrombosis, 
n(%) 

9/41 (22%) 5/28 (18%) 4/9 (44%) 0/2 (0%) 0.183 

Cavernous sinus 6/9 (67%) 3/5 (60%) 3/4 (75%) -  
Sigmoid sinus 2/9 (22%) 2/5 (40%) 0/4 (0%) -  
Transverse sinus 1/9 (11%) 0/5 (0%) 1/4 (25%) -  

Associated lesions, n(%)      
Abscess 13/41 (32%) 12/28 (43%) 0/9 (0%) 1/4 (25%) 0.033 
Cerebritis 8/41 (20%) 2/28 (7%) 4/9 (44%) 2/4 (50%) 0.023 
Radiological meningitis 11/41 (27%) 7/28 (25%) 3/9 (33%) 1/4 (25%) 0.858 
Ventriculitis 2/41 (5%) 2/28 (7%) 0/9 (0%) 0/4 (0%) >0.999 
Radiological hypophysitis and/or 

optic chiasm lesion 
3/41 (7%) 2/28 (7%) 1/9 (11%) 0/4 (0%) 0.539 

Abbreviations: CT-scan : computed tomography scan, MRI : magnetic resonance imaging,  
$  including CT angiography (CTA), MR angiography (MRA), and catheter angiography.  
µ Large vessels included left and right internal carotid, left and right vertebral arteries, basilar artery, A1 segment 
of anterior cerebral artery, M1 segment of middle cerebral artery and P1 segment of posterior cerebral artery.  
£ Medium vessels included distal branches of the middle cerebral artery, anterior communicating artery and 
posterior communicating artery.  
% Small vessels included distal branches of the anterior cerebral artery, distal branches of the posterior cerebral 
artery, ophthalmic artery, thalamic artery, perforating arteries and cerebellar arteries. 
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Treatment 

Details regarding the first-line treatments are displayed in Table 8 and Table 9. In total, 39 

patients (95%) received antifungal agents, consisting in 67% of cases of monotherapy and 33% 

of cases of dual therapy. Dual therapy was more frequently used in mucormycosis (44%) and 

co-infections (50%) than in aspergillosis (25%).  

For aspergillosis and co-infections, 25 patients (78%, 21 aspergillosis and 4 co-infections) 

received a voriconazole-based first line therapy, either alone (n = 18) or in combination with 

liposomal amphotericin B (n = 4) or echinocandins (n = 3). All patients with mucormycosis 

received liposomal amphotericin B, either alone (n = 7) or in combination with echinocandins 

(n = 1) or posaconazole (n = 1). Among patients with aspergillosis and mucormycosis co-

infections, no patient received liposomal amphotericin B as first line therapy (only one patient 

received liposomal amphotericin B after 8 days of treatment).  

Eight patients (20%) underwent surgery with only one patient who underwent neurosurgery 

(temporal lobectomy of aspergillus abscess occurring under antifungal).  

Reduction in immunosuppressive therapy was achieved in 13 patients (12 with aspergillosis 

and 1 with mucormycosis). 

 

Table 8. Treatment and outcome by route of dissemination  
Variables Total (n=41) Haematogenous 

dissemination 
(n=23) 

Contiguous 
extension (n=18) 

p-value 

Antifungal treatment     
Monotherapy, n(%) 26/41 (63%) 14/23 (61%) 12/18 (67%)  
Dual therapy, n(%) 13/41 (32%) 8/23 (35%) 5/18 (28%)  
Median treatment duration (days) 
[IQR], n=9* 

410 [334-520] 352 [280-424] 410 [344-547]  

Surgical treatment, n(%) 8/41 (20%) 0/23 (0%) 8/18 (44%)  
Neurosurgery 1/8 (13%) - 1/8 (13%)  
Sinus surgery 8/8 (100%) - 8/8 (100%)  

Antithrombotic and anti-
inflammatory treatments, n(%) 

    

Antiplatelet therapy 4/41 (10%) 1/23 (4%) 3/18 (17%) 0.303 
Anticoagulant therapy (therapeutic 

dose) 
3/41 (7%) 0/23 (0%) 3/18 (17%) 0.077 

Endovascular embolization 2/41 (5%) 0/23 (0%) 2/18 (11%) 0.187 
Corticotherapy 6/41 (15%) 2/23 (9%) 4/18 (22%) 0.377 

New vascular event, n(%) 16/41 (39%) 7/23 (30%) 9/18 (50%) 0.334 
6-week mortality, n(%) 27/41 (66%) 20/23 (87%) 7/18 (39%) 0.002 
Death related to cerebral IFI, n(%) 20/27 (74%) 15/20 (75%) 5/7 (71%)  
Post-mortem diagnosis, n(%) 4/27 (15%) 3/20 (15%) 1/7 (14%)  

Abbreviations : IFI : invasive fungal infection ; IQR : interquartile range.  
* in patients who survived ; end of treatment was censored to last follow up.  
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Table 9. Treatment and outcome by pathogen 
Variables Total (n=41) Aspergillosis 

(n=28) 
Mucormycosis 

(n=9) 
Co-infections 

(n=4) 
p-value 

Antifungal treatment      
Monotherapy, n(%) 26/41 (63%) 19/28 (68%) 5/9 (56%) 2/4 (50%)  
Dual therapy, n(%) 13/41 (32%) 7/28 (25%) 4/9 (44%) 2/4 (50%)  
Median treatment duration (days) 
[IQR], n=9* 

410 [334-520] 382 [309-502] 574 [574-574] -  

Surgical treatment, n(%) 8/41 (20%) 6/28 (21%) 2/9 (22%) 0/4 (0%)  
Neurosurgery 1/8 (13%) 1/6 (17%) 0/2 (0%) -  
Sinus surgery 8/8 (100%) 6/6 (100%) 2/2 (100%) -  

Antithrombotic and anti-
inflammatory treatments, n(%) 

     

Antiplatelet therapy 4/41 (10%) 4/28 (25%) 0/9 (0%) 0/4 (0%) 0.709 
Anticoagulant therapy 

(therapeutic dose) 
3/41 (7%) 3/28 (11%) 0/9 (0%) 0/4 (0%) 0.681 

Endovascular embolization 2/41 (5%) 2/28 (7%) 0/9 (0%) 0/4 (0%) >0.999 
Corticotherapy 6/41 (15%) 5/28 (18%) 0/9 (0%) 1/4 (25%) 0.371 

New vascular event, n(%) 16/41 (39%) 12/28 (43%) 2/9 (22%) 2/4 (50%) 0.53 
6-week mortality, n(%) 27/41 (66%) 17/28 (61%) 6/9 (67%) 4/4 (100%) 0.442 
Death related to cerebral IFI, 
n(%) 

20/27 (74%) 12/17 (71%) 5/6 (83%) 3/4 (75%)  

Post-mortem diagnosis, n(%) 4/27 (15%) 3/17 (18%) 1/6 (17%) 0/4 (0%)  

Abbreviations : IFI : invasive fungal infection ; IQR : interquartile range.  
* in patients who survived ; end of treatment was censored to last follow up.  

 
 

Antithrombotic and anti-inflammatory treatments were rarely introduced : 4 patients received 

antiplatelet therapy, 3 received anticoagulant therapy at therapeutic dose and 6 received 

corticosteroids.  

To note, among these treatments, one antiplatelet therapy and two anticoagulant therapies were 

introduced for cardiovascular indication concomitant to vasculitis diagnosis (< 1 week after 

vasculitis diagnosis).  

Only one patient (11%) with cerebral venous thrombosis received anticoagulant therapy. 

Platelet antiaggregation was introduced in three patients (15%) with arterial stenosis/occlusion 

(Table 4). 

Among the 4 patients who received platelet antiaggregation, 2 presented an ischemic 

recurrence and 2 had bleeding complications. Regarding the 3 anticoagulant treatments 

introduced, there were no bleeding complications and only 1 recurrence of ischemic stroke. 

 

Concerning patients already under treatment for vascular purposes, 9 patients were on platelet 

antiaggregation (6 had ischemic and 5 haemorrhagic strokes at diagnosis) and 5 received 

anticoagulant therapy at therapeutic dose (4 had ischemic and 2 haemorrhagic strokes at 
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diagnosis) before vasculitis diagnosis. Antiplatelet treatments were continued in 8 patients, of 

whom 2 presented ischemic recurrences and none had bleeding complications. Anticoagulant 

treatments were continued in 2 patients, without bleeding complications and with new ischemic 

events in one patient.  

Three previous anticoagulant and one previous antiaggregant treatments were discontinued due 

to haemorrhagic brain lesions or brain lesions at risk of bleeding, among which one patient 

presented an ischemic recurrence and none presented a new haemorrhagic manifestation.  

 

Regarding corticotherapy, one was introduced for a concomitant flare-up of autoimmune 

disease, one in the context of lymphoma, and four were started in the context of an erroneous 

diagnosis of inflammatory vasculitis. Three patients received corticosteroid boluses for 3 to 5 

days and 3 patients received 0.5 to 2 mg/kg/day prednisone equivalent between 5 and 13 days. 

Among these patients, ischemic strokes were diagnosed under corticosteroid therapy in 3 

patients and one patient developed mycotic aneurysms, secondarily complicated by 

intraparenchymal haemorrhage. Five patients died among the 6 who received corticosteroid 

therapy.  

 

Two patients underwent endovascular embolization, one for thrombosis of a carotid artery 

aneurysm and the other for carotid artery dissection whose embolization was complicated by 

ischemic events. No patient had thrombectomy, thrombolysis or hyperbaric oxygen therapy.  

 

 

Outcome 

Mortality was 66% at 6 week (W6) and 76% at 3 months (fig. 4). W6 mortality varied according 

to the route of dissemination (87% vs 39% at W6 in the haematogenous and contiguous groups 

respectively, p=0.002, fig. 5) but little according to the pathogen except for co-infections with 

a mortality of 100% at W6 (Table 9). Four diagnoses (15%) were made post-mortem. 
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Fig 4. Overall mortality.  

 
Kaplan–Meier survival curve with 95% confidence interval is shown. At 6-week, the overall survival 
was 34.9% (95% CI: 21.4-50.6). 
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Fig 5. Survival curves according to the route of dissemination (log-rank test according to 
Kaplan–Meier analysis).  

 
 

At 6-week, survival rate was 13.4% (95% CI: 3.4-30.9) for haematogenous group and 61.1% (95% CI: 
35.3-79.2) for contiguous group. There was a difference between survival at this time point between the 
2 groups (p=0.002). 
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Sixteen patients (39%) experienced new vascular events diagnosed on brain imaging, with a 

median delay of 16 days [10-30] between first and second vascular event. These recurrences 

were mostly ischemic events (n=13/16; 81%) and mainly occurred in patients who had already 

had ischemic strokes (n=11/13; 85%). On the other hand, haemorrhagic transformations of 

these strokes were rare (n=2/13; 15%). New vascular events occurred more frequently in case 

of vessel abnormalities (n=11/16; 69%, including 8 arterial stenosis/occlusion and 3 

aneurysms). W6 mortality was 56% and 5 patients had ≥ 2 vascular recurrences.  

 

 

5. Discussion 

This nationwide retrospective study provides new insights into the clinical, mycological, and 

radiological features of IFI associated cerebral vasculitides. We were able to characterize two 

different patterns of vasculitis according to the presumed route of dissemination, reflecting 

several differences in pathophysiology. 

Cerebral vasculitides following haematogenous dissemination mainly affected small and 

medium-vessels, often with arterial aneurysms and/or dissections. Haemorrhagic lesions 

(intraparenchymal haemorrhage and microbleeds) were mainly observed in this group. As for 

the ischemic lesions, they were mostly cortical and subcortical strokes, compatible with 

embolic strokes. The main associated radiological abnormalities were cerebral abscesses and 

cerebritis. Progression of the disease was associated with a high mortality. 

On the other hand, contiguous extension from a paranasal sinus infection was often associated 

with angioinvasion of proximal cerebral vessels, manifested by arterial stenoses or occlusions 

and resulting in a high frequency of border-zone infarcts. Pachymeningeal, cavernous sinus, 

optic chiasm and/or pituitary contiguous involvement was frequent. Progression of the disease 

was associated with a lower mortality rate. 

 

Vasculitides occurred mainly at diagnosis of IFI or secondarily in case of poor infectious 

control, indicating particularly high-risk periods and the need for rapid infection control to 

prevent these complications.  

All patients had neurological symptoms and/or clinical signs at diagnosis of vasculitis. Extra-

neurological lesions, particularly sub-diaphragmatic (kidney, spleen, liver, digestive tract) and 

cutaneous, were frequent in the case of mucormycosis compatible with disseminated infections. 
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Aspergillosis were seen in less immunocompromised patients, whereas haematologic 

malignancies and neutropenia were frequent in mucormycosis and co-infection groups. This 

could explain the low cellularity of CSF in patients with mucormycosis and co-infections 

compared to patients with aspergillosis. 

 

Mycological examinations – direct examination and culture – carried out in the cerebrospinal 

fluid were only exceptionally contributory. The galactomannan index determination and 

mycologic culture of CSF have been recognized within the EORTC criteria for the diagnosis 

of cerebral aspergillosis (40). Although the detection of Aspergillus DNA by specific PCR in 

CSF is not included in the criteria, several publications suggest that it is of great value in the 

case of cerebral aspergillosis (41). In our study, Aspergillus PCR were often positive in serum 

as well as in the CSF. Mucorales PCR was positive in all the cases when it had been carried 

out in patients with mucormycosis or co-infections, which is in agreement with the excellent 

sensitivity of this PCR (42). It was exceptionally performed in the CSF, while data suggest its 

usefulness (43).  

Cerebritis was highly represented among the excluded patients (14 out of 24 patients), which 

makes it a major differential diagnosis of ischemic lesions. Some radiological characteristics 

suggest the diagnosis of cerebritis (fig. 6). These are generally lesions that look like ischemic 

stroke on the diffusion, T1 and FLAIR MRI sequences but whose distribution does not respect 

vascular territories. They mostly appeared as multiple lesions of different ages and 

disseminated in watershed territories. The evolution is often rapid in a few days with brain 

herniation by massive extension of the infectious foci and/or haemorrhagic transformation. 
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Fig 6. Imaging of cerebritis.  

 
Axial MRI showed T1-hypointensity of the head of left caudate nucleus (A). Contrast CT performed 4 
days later showed rapid  bilateral extension with poorly defined hypodense lesions with slight 
perilesional edema and without enhancement (B). No macrovascular lesion was identified. Patient died 
the next day. The autopsy identified vascular invasion by Lichtheimia filaments related to local 
aggressiveness of the  fungal lesions. 
MRI of another patient showed hyperintensities in diffusion-weighted images (C) with restricted ADC 
diffusion (D) and T2-FLAIR hyperintensity (E), corresponding to foci of cerebritis predominant in the 
centrum semiovale.  
 

These observations have important implications for IFI cerebral vasculitides diagnosis, 

management and prognosis evaluation.  

Regarding diagnosis, two points should be emphasised. First, diagnosis of IFI cerebral 

vasculitis should not only rely on serum fungal biomarkers, but also on CSF biomarkers which 

should be measured in all suspected cases when feasible. Second, vessel abnormalities were 

only diagnosed when good quality vascular sequences were available, emphasizing the need to 

complement brain imaging of patients with cerebral IFI with dedicated vascular imaging such 



34 
 

as magnetic resonance image/magnetic resonance angiogram (MRI/MRA). This would allow 

early detection and specific management of vascular abnormalities before its parenchymal and 

clinical repercussions. 

Concerning the therapeutic management, there are no universal guidelines regarding duration 

and modalities of antifungal treatment for cerebral IFI. For CNS aspergillosis, voriconazole is 

now recognized as the first-choice agent (44). Regarding mucormycosis, 10 mg/kg/day 

liposomal amphotericin B is the recommended first-line treatment (45,46), while the role of 

combination therapy remains to be defined. In our study, surviving patients received prolonged 

antifungal treatments, most often guided by the slow regression of radiological abnormalities. 

Few patients have benefited from surgical treatment, probably due to a debilitated underlying 

condition and/or rapid worsening. 

Antithrombotic and anti-inflammatory treatments were rarely introduced, making it difficult to 

conclude on their possible efficacy to prevent the occurrence of a new vascular event. The high 

frequency of ischemic complications in patients with vasculitis resulting from a contiguous 

sinus infection raises questions about the potential benefit of anti-platelet aggregation therapy. 

However, most patients on antiplatelet therapy in our study experienced ischemic and/or 

haemorrhagic complications. In addition, only one patient with cerebral venous thrombosis 

received anticoagulant therapy, although strongly recommended in the guidelines (47). 

The introduction or discontinuation of vascular therapies should be systematically discussed 

during multidisciplinary consultation with infectious disease specialists, neuroradiologists and 

vascular neurologists. 

Anti-inflammatory therapies are controversial. There were exceptionally introduced in our 

patients, most often for a differential diagnosis of inflammatory vasculitis. There does not seem 

to be any pathophysiological rationale for the use of these treatments in the case of IFI cerebral 

vasculitides, unlike vasculitides complicating other cerebral infections (VZV, pneumococcus, 

M. tuberculosis, cysticercosis) during which there is a clear inflammatory component to the 

development of vasculitis (38, 39). Conversely, cerebral IFI vasculitides seem to be linked to a 

direct infectious mechanism by vascular tropism of mold. Thus, antifungal therapy is the 

mainstay of medical management. 

 

Overall mortality was very high in our study, as was the neurological morbidity of the surviving 

patients. Nevertheless, mortality rate is similar to that of cerebral IFI, with or without vascular 

complication (1, 12, 16,17).  
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This is the largest series of IFI cerebral vasculitides cases reported to date. This study has 

several strengths allowing for correlations and the identification of two distinct 

pathophysiological patterns. In contrast, its retrospective design entails inevitable limitations. 

Our conclusions are limited by the heterogeneity of infections and treatment.  Furthermore, this 

cohort is the result of screening mycological databases and physicians declarations, so it is 

vulnerable to recall bias which may alter its representativeness. Despite these limitations, 

however, our data provide physicians with useful insight into the diagnosis, management, and 

prognosis of IFI cerebral vasculitides. 
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III. Discussion 

 

Les atteintes vasculaires cérébrales compliquant les infections fongiques invasives à 

champignons filamenteux sont des pathologies rares et graves responsables d’une morbi-

mortalité élevée. Leur rareté participe au manque de données disponibles concernant leur 

présentation clinique, biologique et radiologique ainsi que leur prise en charge thérapeutique. 

Cette série de cas constitue la plus grande série publiée à ce jour. 

 

Présentation radiologique selon le mode de dissémination 

Nous avons pu faire émerger deux types de présentation radiologique selon le mode de 

dissémination de l’infection fongique, reflétant probablement une physiopathologie différente 

d’atteinte vasculaire et associée à un impact pronostique majeur.  

En cas d’atteinte de contiguïté (fig. 2), les lésions vasculaires artérielles affectaient 

principalement les vaisseaux de gros calibre (carotide interne et segment M1 de l’artère 

cérébrale moyenne essentiellement) et consistaient toujours en des sténoses ou occlusions de 

ces vaisseaux, rarement associées à des dissections ou anévrysmes. Les lésions vasculaires 

indirectes étaient essentiellement des lésions ischémiques (78% des patients contre seulement 

6% ayant des lésions hémorragiques) avec une sur-représentation des AVC ischémiques 

jonctionnels. Ceux-ci étaient probablement secondaires à un mécanisme hémodynamique en 

aval des sténoses carotidiennes. De plus, ces patients présentaient fréquemment une thrombose 

veineuse cérébrale, notamment du sinus caverneux, une prise de contraste méningée et une 

atteinte hypophysaire et/ou du chiasma optique. Ces atteintes étaient le plus souvent 

développées localement au contact du foyer infectieux sinusien.  

À l’inverse, en cas de dissémination hématogène (fig. 3), les lésions vasculaires étaient 

moins fréquentes, probablement du fait d’une atteinte préférentielle des vaisseaux de moyen et 

petit calibre, plus difficilement visualisable sur les imageries cérébrales. Les anévrysmes et 

dissections étaient observés en grande majorité dans ce groupe (86% des anévrysmes et 

dissections), de même que les lésions hémorragiques (94%). Parmi celles-ci, une grande 

majorité était constituée d’hématomes intra-parenchymateux (80%), parfois secondaires à la 

rupture d’anévrysmes, mais une proportion non négligeable des lésions hémorragiques (40%) 

était représentée par des micro-saignements diffus sans autre étiologie retrouvée que l’infection 

fongique cérébrale (fig. 3). Concernant les lésions ischémiques, il s’agissait essentiellement 

d’AVC cortico-sous-corticaux (69% des AVC ischémiques de ce groupe) compatibles avec 
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une origine embolique. Enfin, les abcès et cérébrites non abcédées représentaient les 

principales lésions cérébrales associées dans ce groupe de patients.  

En revanche, la présentation radiologique ne différait pas de manière aussi marquée 

selon l’agent fongique impliqué, en dehors de quelques particularités. Ainsi, les anévrysmes et 

dissections n’étaient rencontrés que chez les patients atteints d’aspergilloses, rendant 

possiblement compte d’une proportion plus élevée de lésions hémorragiques en cas 

d’aspergilloses (43%) que de mucormycoses (22%). A contrario, les thromboses veineuses 

cérébrales et les cérébrites étaient principalement observées en cas de mucormycoses.  

 

Diagnostic radiologique des complications vasculaires 

Les anomalies des vaisseaux intracrâniens n’étaient diagnostiquées qu’en cas de 

séquences vasculaires de bonne qualité disponibles, ce qui souligne l’importance de compléter 

systématiquement les imageries cérébrales des patients atteints d’IFI cérébrales par une 

imagerie vasculaire dédiée. Ainsi, il semble intéressant de compléter les séquences 

parenchymateuses (T1, T2*, T2 FLAIR, diffusion) par une imagerie de la lumière vasculaire 

(a minima angio-IRM avec injection de produit de contraste ou par technique time-of-flight, T1 

pré- et post-gadolinium, si possible complétée par des séquences avec saturation de la graisse) 
(48). L’imagerie de paroi par IRM haute résolution des vaisseaux intracrâniens, développée 

depuis quelques années, pourrait également avoir un intérêt pour le diagnostic précoce 

d’anomalies artérielles (sténoses, anévrysmes) par la mise en évidence de prise de contraste 

et/ou d’épaississement de la paroi artérielle (49). Outre la précocité et la sensibilité de ces 

nouveaux outils diagnostiques, ils apportent également des informations sur d’éventuels 

diagnostics différentiels, ils peuvent aider au suivi des atteintes vasculaires et à la 

compréhension du mécanisme physiopathologique sous-jacent aux accidents vasculaires, ce 

qui pourrait guider la prise en charge thérapeutique. 

Seulement 20 patients de notre étude avaient bénéficié d’une imagerie vasculaire 

cérébrale, ce qui a probablement sous-estimé l’incidence des anomalies des vaisseaux dans 

notre série et également conduit à ne pas inclure certains patients des cohortes d’aspergilloses 

et de mucormycoses cérébrales sans lésion parenchymateuse mais avec des atteintes 

vasculaires non diagnostiquées.  

 

L’artériographie cérébrale diagnostique, qui était considérée comme la technique de 

référence pour le diagnostic des vascularites, est actuellement largement remplacée par les 
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techniques d’imagerie non-invasive par IRM. Un seul patient de notre série a bénéficié d’une 

artériographie diagnostique dans un contexte d’anévrysmes multiples.  

 

La présence de symptômes et/ou signes cliniques neurologiques chez tous les patients 

de cette série et la survenue fréquente de l’atteinte vasculaire dès le diagnostic d’IFI cérébrale 

ne plaide pas pour un dépistage systématique des complications vasculaires par imagerie 

cérébrale répétée en cas d’aspergillose ou de mucormycose cérébrale. Cependant, il n’est pas 

exclu que ce dépistage, si accompagné de séquences vasculaires dédiées, permettrait un 

diagnostic précoce de lésions des vaisseaux avant leur traduction clinique.  

 

Parmi les patients exclus après confrontation des données cliniques et des relectures 

radiologiques, il est à noter une forte proportion de cas de cérébrite (14 patients parmi les 24 

exclus; 58%), pris initialement pour des lésions ischémiques. Il s’agit donc d’un diagnostic 

différentiel majeur des atteintes ischémiques et dont certaines caractéristiques IRM 

permettraient d’évoquer leur diagnostic (fig. 6). Parmi celles-ci, il s’agit en général de lésions 

ayant un aspect compatible avec un AVC ischémique (hypo/isosignal T1, hypersignal FLAIR 

et diffusion) mais ne respectant pas un territoire vasculaire. En effet, il s’agit d’embols 

septiques de distribution hématogène, multiples, d’âge différent, de taille variable et de 

contours arrondis mal limités. Ces lésions infectieuses peuvent évoluer localement avec 

notamment une agressivité vasculaire pouvant être responsable de remaniements 

hémorragiques parfois massifs. Elles touchent préférentiellement la substance blanche, en 

particulier le centre semi-ovale et la convexité cérébrale, avec un respect de la substance grise. 

Il n’y a en général pas de prise de contraste ni d’effet de masse initialement. Un autre argument 

en faveur de lésions de cérébrite est leur évolution rapide au cours du temps, se compliquant 

fréquemment d’engagement cérébral par extension massive et rapide de ces foyers infectieux 

et/ou par transformation hémorragique. Cette description radiologique diffère en quelques 

points des caractéristiques radiologiques classiques des cérébrites décrites dans les infections 

à bactéries pyogènes et dont l’évolution naturelle est l’abcédation (50). En effet, les prises de 

contraste sont plus fréquemment décrites dans le cas des cérébrites bactériennes, se majorant 

progressivement jusqu’à la prise de contraste périphérique caractéristique d’un abcès, cette 

différence pouvant être en rapport avec le statut immunitaire des patients atteints d’IFI. Par 

ailleurs, peu de lésions de cérébrites fongiques de notre étude évoluaient vers l’abcédation mais 

plutôt vers une extension diffuse des plages infectieuses, probablement moins contenues par la 

réponse immunitaire de l’hôte. 
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Des analyses histologiques cérébrales étaient disponibles pour quatre de ces cérébrites, avec la 

présence de filaments au sein de ces lésions infectieuses retrouvée dans tous les prélèvements 

et la constatation d’une invasion directe de la paroi de vaisseaux de petit calibre par les 

filaments dans 2 cas.  

 

Population de l’étude 

Les patients atteints de mucormycoses ou de co-infections à Aspergillus spp. et 

Mucorales étaient plus fréquemment des patients d’hématologie (89% et 75% étaient atteints 

d’hémopathies respectivement, contre 21% des patients du groupe aspergilloses). Il s’agissait 

donc vraisemblablement de patients plus lourdement immunodéprimés, comme en atteste la 

plus grande fréquence de neutropénie chez ces patients. 

Quatre patients n’avaient pas de comorbidité sous-jacente prédisposant au 

développement d’une IFI. Parmi eux, une patiente de 50 ans avait pour seul traitement des 

corticostéroïdes inhalés et a développé une mucormycose rhino-orbito-cérébrale ; deux 

patientes âgées respectivement de 77 et 82 ans n’avaient pas d’autre facteur 

d’immunodépression que l’âge et ont développé une aspergillose cérébrale à point de départ 

sinusien ; et un patient de 62 ans a développé une aspergillose disséminée après un mois 

d’hospitalisation en réanimation pour syndrome de détresse respiratoire aiguë grippal.  

 

Présentation clinico-biologique des complications vasculaires  

 L’atteinte vasculaire survenait le plus souvent au diagnostic ou à distance en cas 

d’échec thérapeutique de l’IFI extra-neurologique, témoignant de périodes particulièrement à 

risque de complications et de la nécessité d’un contrôle infectieux rapide pour prévenir ces 

complications.   

Nous pouvons estimer l’incidence des complications vasculaires à environ 27% dans le 

cas des aspergilloses cérébrales (31 patients sur 116 de l’étude CEREALS (22), dont 3 co-

infections) et 24% dans le cas des mucormycoses cérébrales (10 patients sur 42 de la cohorte 

de mucormycoses cérébrales (25) dont 1 co-infection).  

Les atteintes extra-neurologiques, notamment sous-diaphragmatiques (rein, rate, foie, 

tube digestif) et cutanées, étaient fréquentes dans le cas des mucormycoses témoignant 

d’infections disséminées. De plus, le rendement diagnostique des cultures mycologiques sur 

ces sites extra-neurologiques était excellent puisque tous les prélèvements cutanés et 

hépatiques ont permis une identification mycologique.  
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Dans le cas des aspergilloses, l’analyse du liquide cérébro-spinal retrouvait 

fréquemment une méningite, avec un profil souvent très inflammatoire et une prédominance 

de polynucléaires neutrophiles, concordant avec la série de Haddad et al. (30). En revanche, les 

patients atteints de mucormycoses ou de co-infections avaient un LCR moins inflammatoire, 

probablement en rapport avec leur neutropénie. Une hyperprotéinorachie ≥ 0.5 g/L était le plus 

souvent présente quel que soit le groupe de patients. 

 

Les récidives de complications vasculaires étaient fréquentes dans notre série (39%) et 

probablement sous-estimées par la mortalité précoce de certains patients et l’absence de 

répétition systématique de l’imagerie cérébrale, même en présence de nouveaux évènements 

cliniques. En particulier, le risque de récidive ischémique après un premier évènement 

ischémique était très élevé.  

Les dix patients ayant survécu à la fin du suivi avaient le plus souvent un facteur de 

risque modifiable d’immunodépression et/ou une immunosuppression moins profonde (2 

patients sans facteur de risque identifié, 1 avec maladie auto-immune sous corticothérapie 

seule, 1 avec cancer solide en rémission, 1 patient diabétique de type II, 4 patients greffés 

d’organe solide et seulement 1 patient pris en charge pour hémopathie maligne). Cependant, la 

morbidité des vascularites cérébrales était élevée puisque tous les patients ayant survécu 

gardaient des séquelles neurologiques (score de Rankin modifié médian à 3 [2,25-4]).  

Quatre diagnostics ont été posés en post-mortem, le plus souvent dans un contexte 

d’évolution fulminante de l’infection avec un délai ≤ 10 jours entre la survenue du premier 

signe neurologique et le décès pour 3 patients. Le dernier patient était un patient greffé rénal 

âgé de 43 ans hospitalisé pour syndrome méningé attribué à une tuberculose neuro-méningée 

traitée par antituberculeux et corticothérapie. 

 

Intérêt des biomarqueurs et faible rendement des examens mycologiques 

  La PCR aspergillaire sérique et cérébro-spinale était fréquemment positive, alors que 

l’antigène galactomananne pouvait être pris en défaut dans le sérum mais avait une bonne 

valeur diagnostique dans le LCR. Alors que la PCR Aspergillus sérique a été intégré aux 

critères diagnostiques de l’EORTC (40), la PCR Aspergillus dans le LCR n’est pas positionnée 

dans les recommandations pour le diagnostic d’aspergillose cérébrale malgré de très bonnes 

performances diagnostiques (41). Concernant la PCR Mucorales, nous retrouvons une excellente 

validité diagnostique au niveau sérique dans notre étude, en accord avec les publications 
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récentes (42). Elle n’était cependant qu’exceptionnellement réalisée dans le LCR alors que des 

données de la littérature suggèrent son utilité (43). 

A noter, l’antigène galactomananne était plus élevé chez les patients atteints de co-

infections (médiane de 3.0 [1.9-3.7]) en comparaison aux patients du groupe aspergillose 

(médiane 1.7 [1.3-5.0]) vraisemblablement car les patients co-infectés étaient plus 

fréquemment neutropéniques, ce qui améliore la sensibilité de ce biomarqueur (51).  

 En revanche, les examens mycologiques – examen direct et culture – réalisés dans le 

liquide cérébro-spinal n’étaient qu’exceptionnellement contributifs quel que soit le pathogène 

impliqué. Cependant, les cultures mycologiques sur des sites extra-neurologiques avaient un 

bon rendement, notamment au niveau cérébral et pulmonaire.  

 

Traitements 

Il n’existe pas de recommandations bien établies concernant les modalités et la durée 

du traitement antifongique dans les IFI cérébrales (44, 46, 52). Pour les aspergilloses cérébrales, le 

voriconazole est désormais préconisé en première intention. Quant aux mucormycoses 

cérébrales, l’amphotéricine B liposomale à 10 mg/kg/j est le traitement de choix, sans que la 

place des bithérapies ne soit codifiée. Dans notre étude, les patients ayant survécu avaient reçu 

des traitements antifongiques très prolongés, le plus souvent guidés par la lente régression des 

anomalies radiologiques. Alors que les recommandations préconisent de discuter un traitement 

chirurgical dans tous les cas d’atteintes cérébrales, très peu de patients de notre étude ont 

bénéficié d’une chirurgie. Cela peut s’expliquer par le terrain fragile de ces patients, la gravité 

et la rapidité d’évolution de l’IFI et des atteintes fréquemment disséminées ayant pu contre-

indiquer un traitement chirurgical. 

 

Les traitements à visée neurovasculaire étaient rarement introduits, ne permettant pas 

de conclure sur leur éventuelle efficacité en prévention secondaire de survenue d’un nouvel 

accident vasculaire. Plusieurs éléments ont pu participer à cela, dont l’évolution souvent rapide 

vers le décès des patients. De plus, la plupart de ces traitements étaient introduits pour une autre 

indication concomitante et non à visée neurovasculaire.  

La fréquence élevée des complications ischémiques chez les patients ayant une 

vascularite par atteinte de contiguïté à partir d’un foyer sinusien soulève la question du potentiel 

bénéfice d’un traitement anti-agrégant plaquettaire chez ces patients.  
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Dans le cadre de la tuberculose neuro-méningée, l’introduction d’aspirine à posologie anti-

agrégante plaquettaire est associée à une diminution de l’incidence des AVC ischémiques et de 

la mortalité (53). 

Cependant, la majorité des patients de notre série ayant reçu une anti-agrégation plaquettaire 

ont présenté des complications ischémiques et/ou hémorragiques. 

Dans notre étude, un seul des patients ayant une thrombose veineuse cérébrale a reçu 

une anticoagulation curative, pourtant préconisée dans les recommandations thérapeutiques 

afin de limiter l’extension du thrombus, le développement d’infarctus veineux et les 

complications ischémiques dans le cas des thrombophlébites du sinus caverneux (47).  

L’introduction ou l’arrêt de traitements à visée vasculaire devrait être discutée en 

concertation multidisciplinaire associant infectiologues, neuroradiologues et neurologues 

vasculaires. 

 

La prise en charge des vascularites compliquant certaines infections bactériennes ou 

virales repose sur le traitement optimal de l’infection, avec parfois des durées prolongées 

préconisées en cas de vascularite (38, 39). Concernant les thérapeutiques à visée anti-

inflammatoire, la corticothérapie est indiquée dans les vascularites cérébrales à VZV (54), sans 

bénéfice clinique clairement démontré. Dans les méningites à pneumocoque et à M. 

tuberculosis, la corticothérapie a démontré une efficacité sur la morbi-mortalité sans preuve 

d’un bénéfice sur les complications cérébro-vasculaires (55-57).  

Cependant, plusieurs données suggèrent qu’il s’agit dans ces cas de phénomènes 

inflammatoires per- ou post-infectieux évoluant secondairement indépendamment de 

l’infection. En revanche, dans le cas des vascularites secondaires aux IFI cérébrales, il s’agit 

vraisemblablement d’une atteinte infectieuse directe des champignons filamenteux à tropisme 

vasculaire. Ceci est appuyé par la temporalité de survenue des complications vasculaires (au 

diagnostic de l’infection ou à distance en cas de mauvais contrôle de celle-ci) et par la fréquence 

de mise en évidence de filaments et d’invasion vasculaire par les filaments en cas d’analyse 

histologique cérébrale. Tous ces arguments plaident contre l’utilisation de thérapeutiques anti-

inflammatoires dans le cas des vascularites à champignon filamenteux. 

 

Concernant la radio-embolisation des anévrysmes non rompus, seulement 2 patients de 

notre étude ont bénéficié de cette procédure avec une évolution défavorable pour un des deux 

patients. Les anévrysmes d’origine infectieuse sont décrits comme ayant une fragilité pariétale 

plus importante et donc un plus haut risque de rupture lors des procédures endovasculaires que 
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les anévrysmes d’origine congénitale. Ainsi, les recommandations européennes de prise en 

charge des endocardites infectieuses positionnent ce traitement interventionnel uniquement en 

deuxième intention en cas d’évolution défavorable sous antibiothérapie (58).  

 

Importance pronostique du mode de dissémination 

 La mortalité était très élevée dans notre étude, de 66% à 6 semaines et 76% à 3 mois, 

similaire aux données de la littérature sur les mucormycoses et aspergilloses cérébrales, avec 

ou sans atteinte vasculaire (1, 12, 16, 17). Les complications vasculaires ne semblent donc pas 

majorer significativement le taux de mortalité de ces infections, déjà très élevé.  

La mortalité était similaire entre aspergilloses et mucormycoses mais plus élevée (100% 

à 6 semaines) en cas de co-infections, témoignant probablement d’un terrain sous-jacent fragile 

et lourdement immunodéprimé.  

 En revanche, la mortalité variait fortement en fonction du mode de dissémination, avec 

une mortalité à 6 semaines de 87% en cas de dissémination hématogène contre 39% dans les 

atteintes de contiguïté, témoignant de la sévérité des infections disséminées et possiblement de 

complications vasculaires ayant un impact fonctionnel et pronostique majeur dans les atteintes 

hématogènes.  

 

Limites de l’étude 

Notre étude comporte plusieurs biais, notamment par son caractère rétrospectif. Les 

patients étaient inclus à partir de notifications par les médecins des différents centres 

conduisant à un biais de mémoire et un biais de sélection avec une probable notification des 

cas les plus marquants et donc les plus graves, ce qui a pu surestimer la mortalité dans notre 

série. 
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IV. Annexes 

Table 10. Characteristics of the 28 patients with cerebral vasculitis due to aspergillosis.  
 

 At diagnosis of CA At diagnosis of vascular complication Outcome 

Patients Age 
(years) 

Main underlying 
conditions and 

immunosuppressive 
drugs 

Type of vascular complication : 
-  ischemic (I)/haemorrhagic (H) 
- micro (m)/macrovascular (M) 

Clinical 
response of IFI* 

Mechanism of 
vascular 

complication 

Initiation of specific 
treatment 

New vascular 
complication : 
ischemic (I)/ 

haemorrhagic (H) 

Outcome 
W6 

N°1 59 AML, CS I (m) Diagnosis Extension from 
sinus 

No - Death 

N°2 53 AML, HSCT, GVHD, CS, 
ISD 

I (M) Diagnosis Extension from 
sinus 

pACT Yes (I) Failure 

N°4 55 AD, CS, ISD I (M) Failure (102) Extension from 
sinus 

APT + pACT, CS Yes (I) PR 

N°5 78 CS, chemotherapy I (M) Diagnosis Extension from 
sinus 

APT + pACT, embolization Yes (I) PR 

N°7 73 T2D, CS I (M) + CVT Diagnosis Extension from ear CS Yes (I) Failure 

N°8 75 Lymphoma, 
chemotherapy 

I (m+M) Diagnosis Extension from 
sinus 

- - Death 

N°9 44 AML, HSCT, GVHD, CS, 
ISD 

H (m) Failure (41) Hematogenous 
dissemination 

- - Death 

N°10 62 Influenza, ICU I+H (m) Diagnosis Hematogenous 
dissemination 

- - Death 

N°11 25 SOT, CS, ISD I (m+M) Diagnosis Hematogenous 
dissemination 

Stop tACT - Stable 

N°12 47 AD, CS I+H (m) Failure (20) Hematogenous 
dissemination 

APT Yes (H) Death 

N°14 77 AML I+H (m) Diagnosis Hematogenous 
dissemination 

- - Death 

N°15 3 AD, CS H (m) Diagnosis Hematogenous 
dissemination 

- - Death 

N°17 78 T2D CVT Failure (322) Extension from 
sinus 

pACT Yes (I) PR 

N°18 65 SOT, CS, ISD I+H (m) Diagnosis Hematogenous 
dissemination 

- - Death 

N°19 55 SOT, CS, ISD I+H (m) Failure (74) Hematogenous 
dissemination 

pACT Yes (I) PR 

N°20 36 SOT, CS I (m) Diagnosis Hematogenous 
dissemination 

- - Death 

N°21 77 None I (m+M) + CVT Failure (29) Extension from 
sinus 

APT, CS Yes (H) Death 
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N°22 69 SOT, AD, ISD I (M) Diagnosis Hematogenous 
dissemination  

Stop tACT Yes (I) Death 

N°23 76 SOT, CS, ISD Dissection (M) Diagnosis Extension from 
sinus 

Embolization Yes (I) Failure 

N°24 82 None Stenosis (M) + CVT Diagnosis Extension from 
sinus 

tACT - PR 

N°25 48 SOT, CS, ISD Occlusion (M) + CVT Diagnosis Extension from 
sinus 

- - PR 

N°28 59 SOT, CS, ISD H (m) PR (12) Hematogenous 
dissemination 

- - Death 

N°29 61 SOT, CS, ISD I+H (m+M) Diagnosis Hematogenous 
dissemination 

- - Death 

N°37 68 Lymphoma, CS, ISD I (m+M) Diagnosis Extension from 
sinus 

CS - Death 

N°38 43 SOT, CS, ISD I (m+M) Diagnosis Hematogenous 
dissemination 

CS Yes (I) Death 

N°40 42 SOT, AD, CS, ISD H (m) Failure (23) Hematogenous 
dissemination 

pACT - PR 

N°42 58 AD, CS H (m) Diagnosis Hematogenous 
dissemination 

- - Death 

N°44 44  CS H (m) Diagnosis Hematogenous 
dissemination 

- Yes (H) Death 

* time between IFI diagnosis and vasculitis diagnosis is specified (days) when they were not concomitant 

Abbreviations : ACT : anticoagulant therapy (pACT : prophylactic dose, tACT : therapeutic dose) ; AD : autoimmune disease ; AML : acute myeloid leukemia ; ALL : acute 
lymphocytic leukemia ; APT : antiplatelet therapy ; ATLL : Adult T-cell leukemia/lymphoma ; CA : cerebral aspergillosis ; CR : complete response ; CS : corticosteroids ; 
CVT : Cerebral Venous Thrombosis ; GVHD : graft versus host disease ; HSCT : allogeneic hematopoietic stem cell transplantation ;  ICU : intensive care unit ; IFI : 
invasive fungal infection ; ISD : immunosuppressive drugs ; PR : partial response ; SOT : solid organ transplantation ; T2D : type 2 diabetes ; W6 : at 6-week. 
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Table 11. Characteristics of the 9 patients with cerebral vasculitis due to mucormycosis.  
 

 At diagnosis of CM At diagnosis of vascular complication Outcome 

Patients Age 
(years) 

Main underlying 
conditions and 

immunosuppressive 
drugs 

Type of vascular complication : 
-  ischemic (I)/haemorrhagic (H) 
- micro (m)/macrovascular (M) 

Clinical 
response of IFI* 

Mechanism of 
vascular 

complication 

Initiation of specific 
treatment 

New vascular 
complication : 
ischemic (I)/ 

haemorrhagic (H) 

Outcome 
W6 

N°2 50 None I (M)+CVT Failure (57) Extension from 
sinus 

- - PR 

N°3 49 AML Occlusion (M)+I (m) Diagnosis Hematogenous 
dissemination 

- - Death 

N°4 54 Lymphoma, 
chemotherapy 

I (m) Diagnosis Hematogenous 
dissemination 

- Yes (I) Death 

N°6 34 AML, HSCT, AD GVHD, 
CS, ISD 

I (M) Diagnosis Extension from 
sinus 

- Yes (I) Death 

N°7 65 Lymphoma, 
chemotherapy 

Occlusion (M)+CVT Diagnosis Extension from 
sinus 

- - Stable 

N°8 57 AML CVT+H(m) Failure (6) Hematogenous 
dissemination 

- - Death 

N°12 30 ALL H (m) Failure (16) Hematogenous 
dissemination 

- - Death 

N°15 32 ALL, HSCT I (M)+CVT Diagnosis Extension from 
sinus 

- - Death 

N°17 61 AML, HSCT, GVHD, CS, 
ISD 

I (M) Stable (32) Extension from 
sinus 

- - PR 

* time between IFI diagnosis and vasculitis diagnosis is specified (days) when they were not concomitant 

Abbreviations : AD : autoimmune disease ; AML : acute myeloid leukemia ; ALL : acute lymphocytic leukemia ; CM : cerebral mucormycosis ; CS : corticosteroids ; CVT : 
Cerebral Venous Thrombosis ; GVHD : graft versus host disease ; HSCT : allogeneic hematopoietic stem cell transplantation ;  IFI : invasive fungal infection ; ISD : 
immunosuppressive drugs ; PR : partial response ; W6 : at 6-week. 
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Table 12. Characteristics of the 4 patients with cerebral vasculitis due to aspergillosis and mucormycosis co-infection. 
 

 At diagnosis of cIFI At diagnosis of vascular complication Outcome 

Patients Age 
(years) 

Main underlying 
conditions and 

immunosuppressive 
drugs 

Type of vascular complication : 
-  ischemic (I)/haemorrhagic (H) 
- micro (m)/macrovascular (M) 

Clinical 
response of IFI* 

Mechanism of 
vascular 

complication 

Initiation of specific 
treatment 

New vascular 
complication : 
ischemic (I)/ 

haemorrhagic (H) 

Outcome 
W6 

N°14 69 HPS, CS, ISD I (m)+H (m) Diagnosis Extension from 
sinus 

- Yes (I) Death 

N°16 58 SOT, CS, ISD I+H (m) Failure (15) Hematogenous 
dissemination 

Stop tACT, pACT Yes (I) Death 

N°48 67 Lymphoma, 
chemotherapy 

Stenosis (M) Diagnosis Hematogenous 
dissemination 

- - Death 

N°49 61 Lymphoma, CS, 
chemotherapy 

Stenosis (M) Failure (22) Hematogenous 
dissemination 

CS - Death 

* time between IFI diagnosis and vasculitis diagnosis is specified (days) when they were not concomitant 

Abbreviations : ACT : anticoagulant therapy (pACT : prophylactic dose, tACT : therapeutic dose) ; cIFI : cerebral invasive fungal infection ; CS : corticosteroids ; HPS : 
hemophagocytic' syndrome ; IFI : invasive fungal infection ; ISD : immunosuppressive drugs ; SOT : solid organ transplantation ; W6 : at 6-week. 
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Les vascularites cérébrales compliquant les infections fongiques 
invasives à Aspergillus et Mucorales 

RESUME EN FRANÇAIS : 
L’incidence des infections fongiques invasives, au premier rang desquelles les aspergilloses et 
mucormycoses, augmente depuis plusieurs années. Leur morbi-mortalité est élevée, en particulier 
en cas d’atteinte cérébrale associée. Ces localisations cérébrales peuvent se compliquer d’atteinte 
vasculaire, dont la présentation clinique et radiologique ainsi que la prise en charge thérapeutique 
restent mal définies. Nous avons conduit une étude multicentrique rétrospective en France ayant 
permis d’identifier 41 patients ayant présenté une vascularite cérébrale dans le cadre 
d’aspergilloses et/ou de mucormycoses. Nous avons identifié deux principaux mécanismes 
physiopathologiques de développement d’atteinte vasculaire cérébrale – atteinte de contiguïté ou 
par voie hématogène – se traduisant par des présentations radiologiques et un pronostic différents. 
La mortalité globale à 6 semaines était très élevée, en particulier en cas de dissémination 
hématogène. Concernant la gestion des traitements, le contrôle de l’infection fongique semble être 
le principal facteur pronostique et indispensable pour prévenir et contrôler ces complications 
vasculaires. La place des traitements anti-agrégants et anti-coagulants reste à définir et nécessite 
une discussion multidisciplinaire. Il ne semble pas y avoir de rationnel justifiant l’introduction de 
traitements anti-inflammatoires dans ce contexte. 
 
 

TITRE EN ANGLAIS : Cerebral vasculitis due to aspergillosis and mucormycosis : a retrospective 
study 
 
 

RESUME EN ANGLAIS : 
The incidence of invasive fungal infections, especially aspergillosis and mucormycosis, has greatly 
increased. Cerebral localizations are severe conditions and can be complicated by vasculitis. 
Descriptive data about clinic-radiological presentation and guidelines for optimal management of 
vascular lesions associated with fungal CNS infections are still needed. We performed a 
multicentric retrospective study in France and included 41 patients with cerebral vasculitis due to 
invasive mold infections (aspergillosis and mucormycosis). We were able to characterize two 
different radiological patterns of vasculitis according to the presumed route of dissemination – 
contiguous or haematogenous – reflecting several differences in pathophysiology. Overall mortality 
at 6-week was very high in our study, especially for haematogenous infections. Concerning the 
therapeutic management, antifungal therapy is the mainstay of medical management and rapid 
infection control is essential to prevent and control these complications. We were not able to 
conclude on the efficacy of antithrombotic treatments. There does not seem to be any rationale for 
the use of anti-inflammatory drugs.  
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