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 ABSTRACT 
PURPOSE: Posterior fossa ring-enhancing lesions (PFREL) in the adult immunocompetent hosts pose a diagnostic challenge. We aimed 
to evaluate the spectrum of PFREL etiologies and propose a diagnostic algorithm.  

METHODS: This study involved a retrospective analysis of PFREL cases from our institution (January 2023 to April 2024) and a 
systematic literature review conducted using Embase and PubMed databases following the PRISMA 2020 guidelines. Clinical and 
radiological features from these cases formed the basis of a diagnostic algorithm, which was further refined via an additional 
comprehensive literature review, and finally validated on an independent set of PFREL cases. 

RESULTS: The systematic review (467 studies, 56 selected after inclusion/exclusion criteria) revealed that PFREL etiology was 
infectious in 52%, tumoral in 38% and inflammatory in 2% of cases. At initial presentation, mean age was 48 years and 36% of patients 
had multiple PFREL. Headache was the most common symptom (46%). Among those with reported outcomes, 36% showed complete 
resolution of symptoms, 29% showed improvement with residual symptoms, and 16% died. The diagnostic algorithm was created from 
a total of 116 PFREL cases (10 from our institutional series, 56 from the systematic literature review and 50 supplementary cases 
found in the literature) and included 29 possible PFREL etiologies. In the validation set (16 patients), the algorithm provided the 
correct diagnosis in each case. 

CONCLUSION: PFREL in immunocompetent adults encompass a broad differential diagnosis. Our algorithm integrates clinical and 
radiologic data to assist in identifying the underlying cause of PFREL, potentially reducing the need for neurosurgical biopsy. This 
approach aims to enhance diagnostic accuracy, leading to better treatment decisions and improved patient outcomes. 

 ABBREVIATIONS: ADEM = acute disseminated encephalomyelitis; CLL = chronic lymphocytic leukemia; CSF = cerebrospinal fluid; 
DLBCL: diffuse large B cell lymphoma; FLAIR = fluid attenuated inversion recovery; MeSH = medical subject headings; MRI = magnetic 
resonance imaging; NIHSS = National Institutes of Health Stroke Scale; NMOSD = neuromyelitis optic spectrum disorder; PFREL = 
posterior fossa ring enhancing lesion; PRISMA = Preferred Reporting Items for Systematic reviews and Meta-Analyses; SUV max = 
maximum standardized uptake value.  
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INTRODUCTION 
Magnetic resonance imaging (MRI) of posterior fossa ring enhancing lesions (PFREL) on post-gadolinium T1-weighted images is 
challenging for radiologists, neurologists, and neurosurgeons.1,2 Indeed, a careful evaluation during the diagnostic and prognostic work-
up of PFREL can guide treatment decisions and improve patient outcomes.3,4 The differential diagnosis of PFREL includes neoplastic, 
infectious, and inflammatory etiologies, with substantial variability in terms of prevalence, clinical, and radiological presentation.3–5  
The diagnostic work-up should start by analyzing the clinical presentation of the patient showing PFREL: a sudden onset of symptoms is 
consistent with cerebrovascular events and traumatic lesions, while a subacute progression of the clinical course points toward 
inflammatory and neoplastic etiologies.6 From a radiological point of view, considering the location of the lesion within the posterior fossa 
is also highly informative. Indeed, differentiating between intra- and extra-axial lesions, and between midline and hemispheric PFREL of 
the cerebellum can aid the diagnostic work-up by excluding or suggesting some specific etiologies.7 In the same way, the presence of 
perilesional edema is a meaningful feature, as well as the pattern of enhancement, including the regularity and the completeness of the 
ring.3 The presence of multiple ring lesions is also a key information to guide the diagnostic approach.4 
With this background and focusing on the adult immunocompetent host, this study aimed to: 1) show representative examples of PFREL 
on MRI by reporting 10 consecutive cases from our institution (including less common PFREL etiologies such as subacute ischemia and 
Richter syndrome), 2) describe the clinical and radiological characteristics of a wide range of PFREL diagnoses through a systematic 
review of the literature and, 3) propose a diagnostic algorithm for PRFEL diagnosis.  
 
MATERIALS AND METHODS 
Case series 
We included immunocompetent adult patients with PFREL diagnosed and treated at our institution between January 2023 and April 2024. 
A patient was considered immunocompetent if not suffering from any disease or underlying condition affecting immunity or taking any 
immunosuppressive medication (including steroids). Clinical, laboratory and MRI information, were retrospectively reviewed for each 
patient.  
 
Systematic review of the literature  
This systematic review was performed according to the guidelines of the Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) 2020. A literature search was performed using Medical Subject Headings (MeSH) and keywords in the following 
databases: Embase and PubMed. The search was limited to English-language literature using the following terms: (ring enhancing lesion 
OR rim enhancing lesion) AND (infratentorial OR brainstem OR cerebellum OR cerebellar OR posterior fossa). Articles about PFREL 
published between January 1981 and November 2024 were included. Meta-analyses, reviews of the literature and congress abstracts were 
excluded. The data were extracted from the article text, tables, and figures. Three investigators (EVB, AdH, and EV) independently 
reviewed the full texts of all eligible articles. The data extracted from the articles included neurological presentation, imaging data, 
cerebrospinal fluid characteristics, etiology, treatment, and outcomes.  
 
Diagnostic algorithm  
Based on the PFREL cases from our institution and the literature review, we developed a diagnostic algorithm. This algorithm was designed 
to provide a unique and exclusive diagnosis based solely on the available clinical and radiological data, excluding any information from a 
potential neurosurgical biopsy (except the final diagnosis). To properly feed the algorithm, we searched for other cases in the literature 
matching the final diagnoses found during the systematic review, with the aim of having, as far as possible, several clinical cases per 
diagnosis. To do so, we conducted more in-depth searches for PFREL in PubMed and Embase, linking all diagnoses resulting from both 
our systematic review and case series to the MeSH used in the systematic review (e.g., associating the diagnosis “abscess” AND 
“infratentorial” OR “brainstem” OR “cerebellum” OR “posterior fossa”). As an additional strategy, we also used Google Reverse Image 
Search (also called Search by Image or Inside Search), as previously described.8,9 To limit confirmation biases, the algorithm was then run 
blindly by two authors (EVB, AdH) on a subset of randomly selected patients and adapted until achieving a perfect match between the 
output results and the actual diagnosis.  
The algorithm was finally validated on an additional set of PFREL patients randomly selected from the literature and other institutions. 
 
Institutional Review Board Statement 
Patients sign a charter on admission to hospital stipulating that imaging and clinical information, collected for routine diagnostic procedures 
or patient care, may be used for retrospective academic research, without further informed consent (ethics approval 2007/10SEP/233). 
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RESULTS 
Case series 
Our consecutive case series included 10 patients (age range 18-82 years old). Clinical and radiological information are summarized in the 
Supplementary Table 1. Biopsy or resection was performed in 6 cases: 4 with a clear suspicion of tumoral etiology, and two (case 1 and 
case 2) in which the specific etiology was unclear. 
Representative PFREL cases from our institutional case series are reported here below, and the corresponding MRI findings are 
summarized in Figure 1. 
 

FIG 1. Brain MRI of representative PFREL cases from our institutional case series. Clinical cases corresponding to A) Richter’s 
syndrome, B) radionecrosis, C) subacute ischemic stroke, D) multiple sclerosis, and E) hemangioblastoma (mural nodule, 
arrowhead). Abbreviations: T1-w post-Gd, T1-weighted post-gadolinium injection; FLAIR, fluid attenuated inversion recovery; T2-
w, T2-weighted; DWI, diffusion weighted image; ADC, apparent diffusion coefficient. 
 



4  

 

Case 1: Richter’s syndrome  
A 73-year-old woman with a recent diagnosis of chronic lymphocytic leukemia (CLL) presented to another institution with progressive 
bilateral hearing loss and gait instability for five months. Brain MRI revealed a PFREL with a maximum diameter of 19 mm, infiltrating 
the right cerebellar hemisphere and the ipsilateral margin of the pons. It was surrounded by moderate vasogenic edema and caused a mild 
mass effect with deformation of the fourth ventricle. The lesion showed restricted diffusion in the center (Figure 1A). Lumbar puncture 
revealed predominantly lymphocytic pleocytosis (26 cells/mcl), with CLL-type lymphomatous lymphocytes on the examined slide. Flow 
cytometry revealed a low-intensity membrane Kappa monotypic B population. This CD19+ CD5+ population weakly expressed CD20. 
This monotypic B population presented a phenotype compatible with the CLL known to the patient, representing 31% of the encountered 
lymphocytes. The cerebrospinal fluid (CSF) analysis revealed hyperproteinemia (74 mg/dL) with CSF-restricted oligoclonal bands. The 
presence of LLC-type lymphomatous lymphocytes was confirmed on the examined slides. Infectious serologies (CMV, EBV, HIV, HBV, 
HCV, and syphilis) were negative. 11C-Methionine PET, to look for high grade glioma, was normal. Clinically, the patient showed 
deterioration, with dysarthria, multidirectional nystagmus, right hemifacial hypoesthesia, facial palsy, and abducens nerve palsy, with left 
hemisensory syndrome and prominent proprioceptive ataxia. The patient underwent brain biopsy, which was in favor of diffuse large B-
cell lymphoma. In the context of CLL, this is suggestive of Richter’s syndrome, the conversion of CLL to lymphoma, but a concomitant 
de novo diffuse large B cell lymphoma (DLBCL) could not be excluded. Chemotherapy with rituximab, methotrexate, procarbazine, and 
vincristine was initiated. Unfortunately, response to therapy was poor and palliative care was introduced.  
 
Case 2: radionecrosis  
A 54-year-old man had a history of posterior fossa ependymoma. He underwent surgery two times (two years before MRI), and resection 
was considered gross total. He then underwent radiotherapy (59.4 Gy in total). Two years after the end of adjuvant treatment, he developed 
abnormal gait. Brain MRI revealed an irregular ring-enhancing lesion in the right middle cerebellar peduncle. The lesion featured necrotic 
components, no restricted diffusion, and was surrounded by moderate vasogenic edema with mild mass effect. The imaging findings 
suggested either recurrence or radionecrosis, with radionecrosis being the more likely diagnosis due to the absence of restricted diffusion 
(Figure 1B). To distinguish between these two potential diagnoses, the patient underwent 11C-methionine PET. The maximum 
standardized uptake value (SUV max) was 2.8 at the level of the right cerebellar peduncle versus 2.0 in the left one. Subsequently, as the 
patient’s symptoms worsened, a neurosurgical biopsy was performed, which confirmed the diagnosis of radionecrosis. 
 
Case 3: subacute ischemic stroke   
A 56-year-old man with a past medical history of diabetes, arterial hypertension, and smoking developed sudden-onset instability, right 
sensory loss, dysarthria, and dysphagia. The symptoms persisted but became less severe over the following days. Ten days after symptom 
onset, he presented to the emergency department of our institution. His National Institutes of Health Stroke Scale (NIHSS) score was 2 
(dysarthria, hypoesthesia). Brain MRI revealed two focal FLAIR hyperintense lesions in the left hemi medulla oblongata and left 
cerebellum, as well as one confluent cortico-subcortical right parietal hyperintense lesion. Interestingly, post-gadolinium T1-weighted 
images showed a ring-like pattern of enhancement for the bulbar and cerebellar lesions, without associated diffusion restriction (Figure 
1C). A cortico-subcortical right parietal lesion, suggestive of an old infarct was also identified (Figure 2A). A follow-up MRI 24 days after 
symptom onset revealed a decrease in the size of the medulla oblongata and cerebellar lesions, with some persistent enhancement on post-
gadolinium T1-weighted images. The evolution of these lesions on MRI suggested an ischemic etiology. Moreover, follow-up imaging 
performed 3 months later (Figure 2B) revealed a FLAIR hyperintense sequela, with a highly typical pattern for a medullary infarct 
(anterolateral pattern with associated cerebellar involvement), without any new lesions, and an extensive work-up (autoimmune and 
serologic testing, lumbar puncture, PET-CT) was negative; thus, we concluded that the patient had experienced a subacute stroke involving 
the posteriorinferior cerebellar artery territory.  
 

FIG 2. Imaging data of case 3 (subacute ischemic stroke). Subcortical right parietal lesion was hyperintense on FLAIR and 
hypointense on T1-w (a). Follow-up imaging at 4 months (b) revealed a FLAIR hyperintense sequela with nodular enhancement on 
T1-w post-Gd images, with a highly typical pattern for a medullary infarct (anterolateral pattern with associated cerebellar 
involvement). Abbreviations: FLAIR, fluid attenuated inversion recovery; T1-w, T1-weighted images; T1-w post-Gd, T1-weighted 
post-gadolinium injection. 
 
Case 4: multiple sclerosis  
An 18-year-old woman presented with subacute onset of gait disorder. Brain MRI revealed a PFREL with mild surrounding edema, no 
diffusion restriction in the lesion center and a thin rim of peripheral restricted diffusion (Figure 1D). Moreover, brain MRI showed multiple 
infratentorial and supratentorial white-matter lesions, some of them showing contrast enhancement on T1-w post-Gd images, suggesting 
an inflammatory demyelinating etiology (Figure 3a). Lumbar puncture revealed typical CSF-restricted oligoclonal bands, and the patient 
was treated with methylprednisolone. Finally, thanks to the presence of a dissemination in time on brain MRI, a final diagnosis of multiple 
sclerosis was established. A follow-up MRI performed 2 months after the initial appearance of the cerebellar inflammatory lesion showed 
disappearance of the T1-w post-Gd enhancing ring, without recurrence of any lesional acute inflammatory activity on the 6 years follow-
up MRI (Figure 3c).  
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FIG 3. Imaging data of case 4 (multiple sclerosis). Multiple supratentorial lesions (a) were identified on FLAIR, one of them with 
incomplete enhancing ring (horseshoe-like) on T1-w post-Gd images. Follow-up MRI show a complete disappearance of the 
enhancement (c) 2 months after the initial ring enhancing pattern (b). Abbreviations: FLAIR, fluid attenuated inversion recovery; 
T1-w post-Gd, T1-weighted post-gadolinium injection. 

 
Case 5: hemangioblastoma  
A 43-year-old woman was followed at our institution for Von Hippel-Lindau disease, diagnosed at age 14 (p.Asp-78Ser mutation in exon 
1). She has undergone several surgeries for posterior fossa hemangioblastomas. Her brain MRI showed multiple infratentorial nodular and 
cystic lesions, one featuring a clear peripheral contrast enhancement compatible with PFREL. This PFREL was associated with a typical 
mural nodule (Figure 1E).10  
 
Systematic review of the literature  
Our electronic search yielded 467 studies. After applying the inclusion criteria, exclusion criteria, and full-text examination, 56 articles 
were included in the analysis. A PRISMA flow diagram specifying the data collected and evaluated is provided in Figure 4. The data 
corresponding to this literature review are summarized in Supplementary Table 2 (clinical characteristics, treatment, outcome, MRI details 
and ancillary exams) and Supplementary Table 3 (patients’ characteristics).  
 

 
FIG 4. PRISMA 2020 flowchart 
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Of the 56 included patients with PFREL, 16 were female (29%). The mean age was 47.9 years old (+-18.5 SD; median 47; range 18-82 
years). Fourteen originated from North America, 4 from Africa, 3 from South America, 5 from Europe, 1 from Australia and 29 from Asia. 
 
Headache was the most common symptom (46%), followed by instability (34%), visual disturbances (29%), hemiparesis (23%), and 
nausea (20%). Symptoms had been present for one month or more prior to diagnosis in 19 patients (34%).  
The specific etiology was infectious in 52% of the patients (29/56), tumoral in 38% (21/56) and inflammatory in 2% (6/56). More than 
one PFREL was found in 36% (20/56) of the patients. Among these 20 patients, PFREL etiology was infectious in 11, tumoral in 6, and 
inflammatory in 3. Among those for whom information was available (17/42), the median PFREL size was 2.35 cm (range 0.9-4.8) in 
patients with a tumoral etiology and 2.25 cm (range 0.9-2.9) in those with infections. This data was not available with PFREL of 
inflammatory etiology.  
 
Chest imaging was not reported or was reported as normal in 39 (70%) patients. In the 13 patients with abnormalities (30%), interstitial 
pneumonia, prominent pulmonary arteries, atelectasis, pulmonary nodules, granulomas, masses, opacities, lymphadenopathies, and/or 
miliary tuberculosis were reported. Twenty-three patients (41%) had CSF analysis, among which 18 (32%) had abnormalities (pleocytosis, 
high level of CSF proteins, and/or presence of oligoclonal bands). Thirty-four patients (61%) underwent biopsy, aspiration, or resection. 
Among infectious etiologies, 3 patients were treated without either CSF analysis or biopsy support.  
Clinical outcomes were not reported for eleven patients. Thirty-six percent (20/56) showed complete resolution of symptoms, 29% (16/56) 
showed improvement but had residual symptoms, and 16% (9/56) died despite treatment.  
 
Diagnostic algorithm 
Based on a total of 116 cases (10 from our institutional series, 56 from the systematic review and 50 supplementary cases found in the 
literature – Supplementary Table 4), we found twenty-nine possible PFREL etiologies (Supplementary Table 5). Accordingly, we 
designed a PFREL diagnostic algorithm combining both clinical and radiological data. The algorithm was then run blindly on a subset 
of patients and adapted until achieving a perfect match between the output results and the actual diagnosis. Finally, the diagnostic 
algorithm was validated on an independent set of 16 patients with various PFREL etiologies (Supplementary Table 6) and provided 
the correct diagnosis in each case. 
 
The proposed diagnostic algorithm is reported in Figure 5 and is available online at https://forms.office.com/e/TTjjwtjFL8. 
 

 
FIG 5. Diagnostic algorithm. Abbreviations: CPA cerebellopontine angle, CSF cerebrospinal fluid, DWI diffusion weighted image, 
LP Lumbar Puncture, MOG Myelin Oligodendrocyte Glycoprotein, PFREL posterior fossa ring-enhancing lesion, rCBV regional 
Cerebral Blood Volume, SUV standardized uptake value 

https://forms.office.com/e/TTjjwtjFL8
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DISCUSSION 
The differential diagnosis of PFREL include at least 29 distinct conditions, mainly comprising infectious (abscess and tuberculomas) and 
oncologic etiologies.11-13 
Beyond providing a comprehensive review of PFREL etiologies, we have also developed a globally applicable PFREL diagnostic 
algorithm, based on clinical and radiological information to guide diagnosis and treatment decisions. The proposed algorithm highlights 
simple yet valuable elements (chest X-ray, dermatological examination, psychiatric history, lumbar puncture) that clinicians should 
consider during the diagnostic work-up. These elements emerged as key differentiating tools between different etiologies during the 
algorithm’s development. We tried to keep our diagnostic tree as readable and practical as possible by providing an electronic version 
which we found easier and more intuitive to use https://forms.office.com/e/TTjjwtjFL8. Indeed, simplification is arduous during PFREL 
diagnostic work-up, as radiological presentations often lack specificity. One example is the homogenously intralesional restricted diffusion 
pattern, which is not specific for abscess and can sometimes be observed also for mucoid metastases.14-16 Similarly, the incomplete ring 
enhancing pattern often observed in inflammatory demyelinating lesions, is not pathognomonic, as it has also been described in primary 
CNS lymphoma.17 
 
Another challenge is to classify PFREL whose morphological aspects evolve over time, such as tuberculomas (Table 1).18-20 Moreover in 
tuberculous pathologies, the radiological appearance of liquefied tuberculomas can be identical to that of tuberculous abscesses.19,20 Thus, 
in one of our 18 cases of tuberculomas, the algorithm provides the diagnosis of abscess.21  
 
This systematic research and the resulting algorithm have some limitations. Indeed, these reviews, mostly based on case reports, suffer 
from inherent biases such as publication and selection biases. Despite their didactic format providing detailed clinico-radiological reports 
of individual patients, case reports favor the description of unique and original cases, often leading to an overestimation of rarer and 
unusual clinical and radiological presentations. Common pathologies such as metastases are probably underreported due to the lack of 
interest in documenting classic cases featuring more typical clinico-radiological presentations. Moreover, brain metastases are sometimes 
referred as “cystic” or “necrotic” rather than ring-enhancing lesions. 
 
Additionally, some PFREL diagnoses are supported by limited data, such as the single case of primary infratentorial CNS lymphoma that 
we found, which was published in an imaging series and lacked sufficient clinical information to be properly included in the algorithm.22 
 
Finally, even if not found in our review, certain pathologies leading to lesions with supratentorial enhancing rings in immunocompetent 
hosts can also theoretically present in the infratentorial region, such as acute disseminated encephalomyelitis (ADEM), neuromyelitis 
optica spectrum disorder (NMOSD), and leukoencephalopathies.12,23 We acknowledge that the available literature and our current case 
series may not exhaust all the diagnostic possibilities for PFREL, and as such our algorithm should be applied with caution pending further 
validation.  
Regarding the design of the algorithm, it was delicate to precisely describe the radiological characteristics intrinsic to a pathology while 
encompassing interindividual variabilities, leading to terms associated with a certain degree of interpretation, such as “irregular wall” or 
“thick wall.” Adding illustrations rather than numerical data proved to be an efficient method of reducing this type of interpretation 
ambiguity.  
 

CONCLUSIONS 
PFREL in the adult immunocompetent host encompasses a broad differential diagnosis. By reviewing representative cases from our 
institution and performing a systematic literature search, we developed a diagnostic algorithm to guide clinicians during PFREL clinical 
work-up. We also described two etiologies of PFREL that are rarely encountered in clinical practice: Richter’s syndrome and subacute 
stroke. Based on our work, we conclude that the main radiological parameters guiding the diagnosis of PFREL in the immunocompetent 
adult are the presence or absence of other ring-enhancing lesions, presence of perilesional edema, thickness and completeness of the 
enhancing ring, and size and location of the lesion. The main clinical data to consider are the age of the patient, duration of symptoms, 
presence of infectious signs, history of neoplasm or irradiation, and contact with patients with tuberculosis, or origin from/travel in areas 
endemic for this disease. Important complementary examinations to perform are chest imaging and, if not contraindicated, lumbar puncture.  
This proposed systematic approach aims to enhance diagnostic accuracy, support better treatment decisions, and improve patient outcomes, 
as well as potentially reduce the need for neurosurgical biopsy. 
 
Table 1: Radiographic features of intracranial tuberculosis 
 

 Non-caseating 
granuloma 

Caseating 
granuloma 

Caseating granuloma 
with central 
liquefaction 

Calcified 
granuloma 

Tuberculous abscess 

T1-w Iso- to 
hypointense 

Iso- to hypointense 
with hyperintense 
rim 

Iso- to hypointense with 
hyperintense rim 

Iso- to 
hypointense 

Central low intensity 
(hyperintense to CSF) 

T1-w 
post-Gd 

Homogenous 
enhancement 

Homogeneous or 
ring-enhancement 

Ring enhancement No enhancement Ring enhancement   

T2-w Hyperintense Hypointense  
Surrounded by 
vasogenic edema 
 

Hypointense rim with 
central hyperintensity 
Surrounded by vasogenic 
edema 
 

Hypointense Central high intensity  
Abscess capsule may be 
visible as an intermediate 
to slightly low signal thin 
rim 
Surrounded by vasogenic 
edema 

DWI No restricted 
diffusion 

No restricted 
diffusion 

Variable diffusion 
restriction 

No restricted 
diffusion 

High DWI signal is usually 
present centrally 

Abbreviations: CSF, cerebrospinal fluid; T1-w, T1-weighted; T1-w post-Gd, T1-weighted post gadolinium; T2-w, T2-weighted, DWI, 
diffusion weighted image  

https://forms.office.com/e/TTjjwtjFL8
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SUPPLEMENTAL FILES 

Supplementary Table 1: Institutional case series 

Patients T1-w post-Gd FLAIR T2-w DWI Diagnosis 

1)  F, 73 y 

History of 
chronic 
lymphocytic 
leukaemia 

 

  

 

Richter’s 
syndrome 

2) M, 54 y 

History of 
posterior fossa 
surgery and 
irradiation for 
ependymoma.  

SUV max 2.9  

 
  

Radionecrosis 



12  

 

3) M, 57 y, 
Acute vertigo 
onset one 
week before 
MRI 

 

  

 

Subacute stroke 

4) F, 62 y 

Supratentorial 
lesions 
compatible 
with multiple 
sclerosis 

  

 

 

Multiple sclerosis 

 

5) F, 43 y 

History of 
Von  Hippel-
Lindau 
disease 

 
 

  

Hemangioblastoma 



   

 

   

 

6) M, 39 y 

Progressive 
headaches 
evolving for 
weeks due to 
hydrocephalus 

 

  

 

Pinealoblastoma 

7) F, 48 y 

Suspect 
pulmonary 
nodule on 
chest X-ray 

   
 

Metastasis (lung 
adenocarcinoma) 

8) F, 65 y  

History of 
metastatic 
ovarian 
carcinoma 

 

 

 

 

Metastasis (ovarian 
carcinoma) 
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9) F, 24 y 

Supratentorial 
lesions 
compatible 
with multiple 
sclerosis 

   
 

Multiple sclerosis 

10) M, 50 y 

History of 
multiple 
sclerosis 

 

 

  

Multiple sclerosis 

 

Abbreviations: PFREL, posterior fossa ring enhancing lesion; T1-w post-Gd, T1-weighted post gadolinium; T2-w, T2-weighted, DWI, diffusion weighted image; SUV max: 
maximum standardized uptake value  

 

 

 

 

 

 

 



   

 

   

 

Supplementary Table 2: Literature review 

No. References Ref
No. 

Type of 
etiology Specific etiology Sex Age 

(years) 
Country/ 
Ethnicity Comorbidities Clinical 

Duration of 
symptoms to 

admission 
Treatment Outcome 

1 Adachi et al., 1995 24 Infectious Abscess M 52 Japan Cirrhosis Fever, diplopia, left hemiparesis 3 days Ventriculo-peritoneal shunt, imipenem, 
clastin and gentamicin Mild left hemiparesis at 8 months 

2 Alhamshari et al., 
2015 25 Infectious Abscess M 77 

USA 
(African 

American) 
Hypertension Nausea, vomiting, vertigo, ataxia, 

lethargy 3 days Empiric vancomycin, meropenem, 
corticosteroids Rehabilitation 

3 Alharbi et al., 
2021 26 Infectious Tuberculosis M 67 Saudi-

Arabia No Nausea, vomiting, instability, ataxia 15 days Surgical resection, antituberculosis therapy Mild cerebellar dysfunction at 6 months 

4 Arif et al., 2020 27 Infectious Tuberculosis M 65 Pakistan Hypertension Anorexia, fever, headache, confusion 2 months Dexanethasone and antituberculosis therapy Asymptomatic 

5 Besada et al., 2010 28 Tumoral 
Metastasis 

(adenocarcinoma, 
lung cancer) 

M 58 Argentina NA Headache, cough NA Surgical resection NA 

6 Bhattacharjee et 
al., 2012 29 Infectious Tuberculosis F 48 Turkey No Headache, nystagmus, ataxia 8 weeks Surgical resection, antituberculosis therapy Alive 

7 Capone et al., 
2021 30 Infectious Tuberculoma M 41 Yemen NA Headaches and night sweat 3 months Surgical resection, antituberculosis therapy Asymptomatic 

8 Chin et al., 2020 31 Inflammatory Tuberculosis-IRIS M 57 Malaysia Hepatitis C, cirrhosis Hemiparesis, slurred speech 5 days Surgical resection, antituberculosis therapy Recovered at 7 months 

9 de Almeida et al., 
2020 32 Infectious 

Fungal disease 
(Histoplasma 
capsulatum) 

M 23 Brasil NA Intracranial hypertension, ataxia, 
diplopia, dysarthria NA Ventriculo-peritoneal shunt, amphotericin B Nystagmus, dysarthria and instability at 13 

years 

10 De Keersmaecker 
et al., 2024 33 Tumoral Metastasis (small 

cell lung carcinoma) F 76 Belgium 
Uretral cancer, 
hypertension, 

hypercholesterolemia 
Tiredness, dizziness and headaches 2 months Radiotherapy Deceased 

11 Feizi et al., 2021 34 Inflammatory Neurosarcoidosis F 47 African 
American Hypertension Hemiparesis NA Corticosteroids Improvement of hemiparesis 

12 Fereydonyan et 
al., 2019 35 Tumoral 

Squamous cell 
carcinoma (from an 

epidermoid cyst) 
M 30 Iran NA Headache, nausea, vomiting NA Surgical resection and radiotherapy Recovered at 2 years 

13 Gottlieb et al., 
2015 36 Infectious Tuberculosis M 46 Mexican Alcoholism Diplopia (cranial nerve III palsy) 5 days Prednisone, antituberculosis therapy Improvement of diplopia 

14 Goto et al., 2015 2 Infectious and 
tumoral 

Abscess within 
metastasis M 56 Japan Aortic aneurysm, bile 

duct cancer Instability, ataxia NA Surgical resection and stereotaxic 
radiosurgery Asymptomatic at 3 months 

15 Heo et al., 2008 37 Inflammatory Neuro-Behçet M 47 Korea NA Hemiparesis, dysarthria, headache, 
vomiting 5 days High dose steroïd therapy NA 

16 Imoto et al., 2002 38 Inflammatory Neuro-Behçet M 50 Japan Psychoneurosis Hemiparesis, dysarthria 2 weeks Corticosteroid pulse therapy Improvement of hemiparesis 

17 Inoue et al., 2016 117 Tumoral Glioblastoma M 27 Japan Grade II astrocytoma Headache, nausea, cerebellar 
symptoms NA Surgical resection, ventriculo-peritoneal 

shunt, radio-chemotherapy Deceased 

18 Jongeling et 
Pisapia, 2013 39 Infectious Tuberculosis M 21 Ecuador NA Headache, fever, meningism 5 days Antituberculosis therapy Deceased 

19 Jorge et al., 2017 40 Infectious 
Fungal disease 

(Neuroparacoccidioi
domycosis) 

M 49 Latin 
America 

Smoking, alcoholism, 
brain trauma Headache, dysdiadochokinesia 3 months Surgical resection NA 

20 Kim et Kim, 2008 41 Tumoral Epidermoid cyst M 72 Korea NA Hemiparesis, dysphagia, hemifacial 
numbness 2 months Surgical resection and radiotherapy Improvement of hemiparesis and 

dysphagia 
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21 Kong et al., 2006 42 Tumoral 
Metastasis 

(adenocarcinoma, 
lung cancer) 

M 74 Australia Smoking, 
hypertension, COPD 

Personality change, confusion and 
headache 6 weeks NA NA 

22 Lakra et al., 2023 43 Tumoral 
Metastasis 

(adenocarcinoma, 
colorectal cancer) 

M 29 Caucasian Asthma and colorectal 
cancer Altered mental status NA Surgical resection Deceased 

23 Lath et 
Rajshekhar, 1998 44 Infectious Neurocysticercosis F 32 India NA Headache and transient oculoparesis 6 months Symptomatic Asymptomatic 

24 Lee et al., 2011 45 Infectious Tuberculosis F 23 Somalia NA Headache, nausea, vomiting 4 months Surgical resection, antituberculosis therapy, 
corticosteroids Asymptomatic at 9 months 

25 Li et al., 2013 46 Infectious Sparganosis M 36 China NA Seizures, hemiparesis 17 years NA NA 

26 Li et al., 2022 1 Tumoral Hemangioblastoma F 33 China NA Headache, visual loss, instability, 
facial numbness 1 week Surgical resection Asymptomatic after surgery and at 2 years 

27 Lyons et al., 2013 47 Infectious Tuberculoma F 43 USA NA Headache, dizziness, hemiparesis 1 month Dexanethasone and antituberculosis therapy Asymptomatic at 6 months 

28 Mandapat et al., 
2011 48 Infectious 

Abscess 
(Streptococcus 

salivarius) 
F 55 USA No 

Headache, ataxia, hemiparesis, 
dysphagia, ptosis, cranial nerve VI 

palsy 
3 days Surgical drainage, ceftriaxone Dysesthesia at 6 months 

29 Maruya et al., 
2009 49 Tumoral Pineal region tumor 

(germinoma) M 29 Japan NA Diplopia, upward gaze nystagmus 8 months Chemotherapy, radiotherapy Asymptomatic at 5 years 

30 Matsumoto et al., 
1998 50 Tumoral Metastasis 

(adenocarcinoma) M 46 Japan NA Hemisensory disturbance and 
hemiparesis 2 months Brachytherapy, chemotherapy Asymptomatic at 18 months 

31 Medina-Flores et 
al., 2003 51 Infectious Abscess (Listeria) F 59 USA 

Hypertension, diabetes, 
coronary artery 
disease, dental 

implants 

Diplopia, headache, central facial 
palsy 1 week Ampicillin, trimethoprim, 

sulfamethoxazole, corticosteroids Facial numbness 

32 Naphade et al., 
2012 52 Infectious Neurocysticercosis F 45 India NA Bilateral ptosis 4 days Steroids, albendazole Asymptomatic at 3 months 

33 Niu et al., 2017 53 Infectious 
Abscess 

(Aggregatibacter 
aphrophilus) 

M 28 USA NA Headache 6 months Vancomycin, ceftriaxone Asymptomatic at 4 months 

34 O'Callaghan et al., 
2012 54 Infectious Abscess (Listeria 

monocytogenes) F 25 Ireland No Headache, nausea, vomiting, 
hemianesthesia 4 days Amoxicillin, gentamycin Asymptomatic at 1 month 

35 Otero et al., 2022 55 Tumoral Schwannoma of the 
XIth nerve M 61 Spain Hypertension, diabetes, 

smoking, dyslipidemia Instability, dysmetria, vomiting 3 months Surgical resection Deceased 

36 Parekh et al., 2014 56 Infectious Tuberculosis M 82 Yemen 
Prostate cancer, atrial 
fibrillation, diabetes, 

cirrhosis 
Altered mental status NA Antituberculosis therapy Deceased 

37 Pekova et al., 2021 57 Infectious Toxoplasma gondii M 23 Bulgaria No Fever, confusion, dysarthria, ataxia, 
headache, meningism, hemiparesis 3 weeks Ceftriaxone, amikacin, mannitol, 

dexamethasone, antituberculosis therapy Deceased 

38 Raheja et al., 2016 58 Tumoral 
Squamous cell 

carcinoma (from an 
epidermoid cyst) 

F 54 USA NA Altered mental status Few weeks Surgery Declined treatment 

39 Raval et al., 2012 59 Infectious Neurocysticercosis M 31 Asian NA Vision loss 6 months Albendazole and steroids Alive 

40 Sankar et al., 2021 60 Infectious Tuberculosis F 56 India No Bilateral ptosis 1 month Dexamethasone, antituberculosis therapy Asymptomatic at 1 month 

41 Shaikh et al., 2019 61 Tumoral 
Squamous cell 

carcinoma (from a 
dermoid cyst) 

M 32 Pakistan NA Headache, vertigo 3 weeks Ventriculoperitoneal shunt and surgical 
excision NA 



   

 

   

 

42 Shih et al., 1993 62 Tumoral 
Metastasis 

(bronchogenic 
carcinoma) 

M 71 USA 
Smoking, COPD, 

hypertension, 
alcoholism 

Dizziness, nausea, vomiting, gait 
instability 3 weeks Craniotomy, tumor resection, radiotherapy NA 

43 Shrestha et al., 
2024 63 Infectious Abscess F 63 USA 

Chronic suppurative 
otitis media and 
cholesteatoma 

Gait difficulty and ataxia, hearing 
loss, right facial palsy NA Surgical needle aspiration and radical 

mastoidectomy Hearing loss 

44 Sinha et al., 2010 64 Infectious Tuberculosis M 29 India No Fever, headache, seizures NA Dexamethasone, antituberculosis therapy Asymptomatic 

45 Song et al., 2010 65 Infectious Neurocysticercosis M 68 Korea No 
Claude's syndrome (ipsilateral cranial 

nerve III palsy with contralateral 
hemiataxia) 

2 days Albendazole, methylprednisolone Asymptomatic at one week 

46 Suzuki et al., 2019 66 Infectious 
Granulomatous 

amoebic 
encephalitis 

M 68 Japan No Focal epilepsy NA Surgical resection Deceased 

47 Tailor et al., 2008 67 Tumoral 
Dysembryoplastic 

neuroepithelial 
tumor 

F 34 USA No Headache, vertigo, altered 
consciousness, truncal ataxia 5 months Surgical resection Asymptomatic at 9 months 

48 Tanaka et al., 2020 68 Infectious Abscess (Nocardia 
beijingensis) M 68 Japan No 

Loss of appetite, headache, vomiting, 
progressive disturbance of 

consciousness. 
1 month Methylprednisolone, meropenem and 

trimethoprim/sulfamethoxazole 
Confusion and irritability, discharged to 

another hospital 

49 Toshikuni et al., 
2007 69 Tumoral 

Metastasis 
(hepatocellular 

carcinoma) 
M 78 Japan Cirrhosis Hemiparesis 1 month Whole-brain radiotherapy Alive at 12 months, resolution of 

hemiparesis 

50 Tsutsumi et al., 
2001 70 Tumoral Metastasis (lung 

adenocarcinoma) M 56 Japan Lung cancer 
(adenocarcinoma) 

Hearing disturbance, ataxic gait, 
dysmetria NA Surgical resection, gamma knife Persistant hearing disturbance, 

improvement of ataxia 

51 Uchino et al., 2006 71 Tumoral Pineal region tumor 
(cystic germinoma) M 22 Japan NA Diplopia, headache NA Chemotherapy, radiotherapy NA 

52 Ueno et al., 2014 72 Inflammatory CLIPPERS M 58 Japan NA Dysarthria, gait disturbance 6 months Methylprednisolone Asymptomatic at 6 months 

53 Utsuki et al., 2012 73 Tumoral Pilocytic 
astrocytoma F 18 Japan NA Visual disturbance 2 months Surgical resection NA 

54 Wang et al., 2015 74 Tumoral Gliosarcoma M 28 China NA Headache, vomiting, gait instability 3 months Surgical resection NA 

55 Yasuda et al., 
2012 14 Inflammatory Neuro-Behçet M 56 Japan NA Paresis and dysesthesia NA Corticosteroids NA 

56 Yiu et Lessell, 
2012 75 Tumoral Metastasis 

(melanoma) M 60 USA Diabetes, COPD, 
hyperlipidemia Visual disturbance, gait instability 2 weeks Dexamethasone, stereotactic radiosurgery Deceased 

IRIS Immune reconstitution inflammatory syndrome, NA Not Available, COPD Chronic obstructive pulmonary disease, CLIPPERS Chronic Lymphocytic Inflammation with Pontine Perivascular Enhancement Responsive to Steroids 

 

No. References Ref 
No. 

Number of 
lesions in the 

posterior fossa 
Size (cm) Location DWI FLAIR T1-weighted images T2-weighted images Biopsy/ 

Resection CSF Chest 

1 Adachi et al., 
1995 24 1 NA Brainstem NA NA Hyposignal NA NA 1301/μL WBC (polynuclear 

predominance) Interstitial pneumonia 

2 Alhamshari et 
al., 2015 25 Multiple Largest is 

1.2×2.0 Cerebellum NA NA NA NA NA 12 /μL WBC (neutrophilic 
predominance) Prominent pulmonary arteries 

3 Alharbi et al., 
2021 26 1 2.0 x 2.3 x 

2.3 Cerebellum NA Hypersignal for the rim, 
hyposignal for the center NA Hypersignal for the rim, 

hyposignal for the center Done NA Bilateral pulmonary nodules, reactive 
lymph nodes 

4 Arif et al., 
2020 27 Multiple NA Brainstem, 

Cerebellum No restriction No restriction Iso to hyposignal Hyposignal NA 250 /μL WBC (lymphocytic 
predominance). Positive for Negative 
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Mycobacterium tuberculosis 

5 Besada et al., 
2010 28 1 NA Cerebellar 

hemisphere Hypersignal NA NA Hyperintense mass, 
peripheral edema Done NA Parahilar nodule right superior lung 

6 Bhattacharjee 
et al., 2012 29 1 NA Cerebellar 

hemisphere NA NA NA Hypersignal for the rim, 
isosignal for the center Done NA Negative 

7 Capone et al., 
2021 30 1 2.5 x 2.0 Cerebellar 

hemisphere NA NA NA Hyposignal Done NA Calcified lymph nodes 

8 Chin et al., 
2020 31 Multiple NA 

Cerebellar 
hemispheres and 

vermis 
NA NA NA NA Done Negative for Mycobacterium 

tuberculosis Miliary tuberculosis 

9 de Almeida et 
al., 2020 32 Multiple NA Cerebellum, 

brainstem NA NA NA NA NA Lymphocytic pleiocytosis, culture 
positive for fungus (Histoplasma) NA 

10 
De 

Keersmaecke
r et al., 2024 

33 Multiple NA Brainstem, 
Cerebellum No restriction Hypersignal for the rim, 

hyposignal for the center NA NA NA NA Nodular lesions and adenopathies 

11 Feizi et al., 
2021 34 1 NA Pons NA Hypersignal for the rim, 

hyposignal for the center NA NA Done NA Negative 

12 Fereydonyan 
et al., 2019 35 1 NA Cerebellar peduncle NA NA Isosignal Isosignal Done NA NA 

13 Gottlieb et 
al., 2015 36 1 1.1 x 1.0 x 

1.5 Central midbrain NA NA NA NA NA NA Calcified granuloma, reticulonodular 
opacities 

14 Goto et al., 2 1 NA Cerebellar 
hemisphere Hypersignal NA Hyposignal Hypersignal Done NA NA 

15 Heo et al., 
2008 37 1 NA Pons Hypersignal NA NA NA Done NA NA 

16 Imoto et al., 
2002 38 Multiple NA Brainstem NA NA Hyposignal Hypersignal with areas of 

hyposignal Done 14 /μL WBC NA 

17 Inoue et al., 
2016 117 1 NA Cerebellar 

hemisphere NA NA Hyposignal Hypersignal Done NA NA 

18 Jongeling et 
Pisapia, 2013 39 Multiple NA Cerebellum NA NA NA NA NA 

WBC 85/μL (lymphocytic 
predominance) then control at 

250/μL (lymphocytic 
predominance). Positive for 
Mycobacterium tuberculosis 

Dense consolidations, diffuse 
micronodular opacities 

19 Jorge et al., 
2017 40 1 NA Cerebellar 

hemisphere Hypersignal 
Perilesional edema, 

hyposignal for the rim, 
hypersignal for the center 

Hypersignal for the 
rim, hyposignal for the 

center 

Perilesional edema, 
hyposignal for the rim, 

hypersignal for the center 
Done NA Pulmonary nodules 

20 Kim et Kim, 
2008 41 1 NA Cerebellar peduncle Hypersignal NA NA NA Done NA Negative 

21 Kong et al., 
2005 42 Multiple NA Supra- and 

infratentorial NA NA Hyposignal Hypersignal for the rim, 
hyposignal for the center Done NA Spiculated lung nodule 

22 Lakra et al., 
2023 43 1 0.9 x 0.8 x 

0.8 
Anterolateral 

medulla oblongata NA 
Hypersignal for the rim, 

hyposignal for the center, 
perilesional edema 

NA NA Done NA NA 

23 
Lath et 

Rajshekhar, 
1998 

44 1 <2.0 Dorsal ponto-
medullary junction NA NA Hyposignal 

Hyposignal for the rim, 
hypersignal for the center, 

hyposignal scolex 
NA Negative NA 

24 Lee et al., 
2011 45 1 NA Cerebellar 

hemisphere NA NA NA NA Done Positive for Mycobacterium 
tuberculosis NA 



   

 

   

 

25 Li et al., 2013 46 2 NA Cerebellar 
hemisphere NA NA NA NA NA NA NA 

26 Li et al., 2022 1 2 
3.9 × 3.6 × 
3.4 and 2.1 
× 2.0 × 1.5 

Cerebellar 
hemisphere NA NA Uneven signal 

intensities Uneven signal intensities Done NA NA 

27 Lyons et al., 
2013 47 1 2.9 x 2.7 x 

2.5 Pons No restriction NA Hyposignal Hypersignal for the rim, 
hyposignal for the center NA Cryptococcal antigen negative Adenopathies and apical lung scarring 

28 Mandapat et 
al., 2011 48 1 2.6 x 2.0 x 

1.9 Pons Hypersignal Hyposignal Hyposignal NA Done Positive for Streptococcus 
salivarius NA 

29 Maruya et al., 
2009 49 1 NA 

Thalamo-
mesencephalic 

junction 
NA NA NA NA Done NA NA 

30 Matsumoto et 
al., 1998 50 1 1.0 x 2.0 Peduncle of the 

midbrain NA NA NA Hypersignal Done NA Lung cancer 

31 
Medina-

Flores et al., 
2003 

51 1 1.3 x 1.3 x 
1.5 Cerebral peduncle NA NA NA Hypersignal Done NA NA 

32 Naphade et 
al., 2012 52 1 < 2.0 Dorsal midbrain NA NA NA NA NA Positive ELISA IgM cysticercus NA 

33 Niu et al., 
2017 53 1 1.0 x 0.9 Midbrain tectum Hypersignal Hypersignal NA NA NA 

WBC 482/μL (lymphocytic 
predominance), culture positive for 

A. aphrophilus. 
NA 

34 O'Callaghan 
et al., 2012 54 Multiple NA Brainstem and 

upper cervical cord NA NA NA Hypersignal NA 

WBC 595 /μL (98% lymphocytes) 
Presence of plasma cells. Then 
control at 68 WBC/μL. PCR 

positive for Listeria 
monocytogenes 

NA 

35 Otero et al., 
2022 55 1 3.5 x 3.8 x 

4.5 
Cerebellopontine 

angle NA NA NA NA Done NA NA 

36 Parekh et al., 
2014 56 Multiple NA Cerebellar 

hemisphere NA NA NA NA Done NA Negative 

37 Pekova et al., 
2021 57 Multiple NA Brainstem and 

cerebellum NA Hypersignal for the rim, 
hyposignal for the center NA Hypersignal for the rim, 

hyposignal for the center NA WBC 96 /μL (97% lymphocytes) Negative 

38 Raheja et al., 
2016 58 1 NA Dorsal midbrain Hypersignal NA NA NA Done Lymphocytic pleocytosis Negative 

39 Raval et al., 
2012 59 1 NA Cerebellar 

hemisphere NA NA NA NA NA NA NA 

40 Sankar et al., 
2021 60 1 0.9 x 0.85 Medial midbrain No restriction Isosignal for the rim, 

hypersignal for the center Isosignal Isosignal for the rim, 
hypersignal for the center NA Normal Lymphadenopathy, fibrocalcific 

opacities in apices 

41 Shaikh et al., 
2019 61 1 5.0 x 4.8 Cerebellum NA NA Hyposignal Hypersignal Done NA NA 

42 Shih et al., 
1993 62 Multiple Largest is 

2.8 Cerebellum NA NA NA NA Done NA Apical mass 

43 Shrestha et 
al., 2024 63 1 1.9 x 2.1 x 

2.2 
Cerebellar 
peduncule Hypersignal Hypersignal Hyposignal NA Done WBC 12 /μL NA 

44 Sinha et al., 
2010 64 Multiple NA NA NA NA NA NA NA NA NA 

45 Song et al., 65 1 NA Midbrain NA Hypersignal NA NA NA 3 mononuclear cell /μL. ELISA for NA 
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2010 tegmentum an anticysticercal antibody positive 

46 Suzuki et al., 
2019 66 Multiple NA Brainstem NA Hypersignal Hyposignal Hypersignal Done High β2 

-microglobulin level Negative 

47 Tailor et al., 
2008 67 4 1 x 1 and 

0.8 x 0.8 
Cerebellar vermis 

and midline NA NA Hyposignal Hypersignal Done NA NA 

48 Tanaka et al., 
2020 68 Multiple NA 

Whole brain, brain 
stem, cervical spinal 

cord 
NA NA NA NA Done WBC 19 /μL (mononuclear 52 %; 

polymorphonuclear 48 %) Atelectasis 

49 Toshikuni et 
al., 2007 69 Multiple < 2.0 Cerebellum NA NA Hyposignal Hypersignal NA NA Negative 

50 Tsutsumi et 
al., 2001 70 1 1.2 x 1.3 x 

1.5 
Ventral left middle 
cerebellar peduncle NA NA Hyposignal Hypersignal, peritumoral 

edema Done NA Negative 

51 Uchino et al., 
2006 71 1 NA Midbrain NA NA Hyposignal NA Done NA NA 

52 Ueno et al., 
2014 72 Multiple NA Pons, brachium 

pontis, midbrain NA NA NA NA NA Normal Negative 

53 Utsuki et al., 
2012 73 1 NA Vermis NA NA NA NA Done NA NA 

54 Wang et al., 
2015 74 1 2.2 x 3.6 x 

3.5 
Middle cerebellar 

peduncle NA NA Hyposignal NA Done NA NA 

55 Yasuda et al., 
2012 14 1 NA Pontine base Hypersignal Hyposignal for the rim, 

hypersignal for the center NA NA NA Mononuclear pleiocytosis NA 

56 Yiu et 
Lessell, 2012 75 1 NA Midbrain NA Hypersignal NA NA NA NA Nodule 

 

Abbreviations: NA, Not Available; Tuberculosis-IRIS, Tuberculosis-immune reconstitution inflammatory syndrome; COPD, Chronic obstructive pulmonary disease; CLIPPERS, chronic lymphocytic inflammation with pontine perivascular enhancement responsive to steroids; WBC White 
blood count, ELISA Enzyme-linked immunosorbent assay 

 

 

 
  



   

 

   

 

Supplementary Table 3: Patients’ characteristics 
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Supplementary Table 4: Additional cases of PFREL 

Case number Diagnosis References Ref number 

1 Abscess Almeida et al., 2018 76 

2 Metastasis Byrne et al., 2020 77 

3 Tuberculoma Chan et al. 2021 21 

4 Neurocysticercosis Chowdury et al., 2017 78 

5 Pilocytic astrocytoma Chung et al., 2021 79 

6 Behçet disease Cuce et al., 2024 80 

7 Abscess De Cocker., 2022 81 

8 Metastasis Du et al., 2018 82 

9 Metastasis Duran-Pena et al., 2022 83 

10 Behçet disease Duran-Pena et al., 2022 83 

11 Abscess Einarsson et al., 2021 84 

12 Abscess Feraco et al., 2020 16 

13 Abscess Feraco et al., 2020 16 

14 Abscess Fulgham et al., 1996 85 

15 Abscess Gaillard et al., 2010 86 

16 Multiple sclerosis Guzmán-De-Villoria et al., 2010 87 

17 Abscess Hamamoto Filho et al., 2014 88 

18 Vestibular schwannoma Iwai et al., 2016 89 

19 Glioblastoma Januario, 2022 90 

20 Tuberculoma Jha, 2024 91 

21 Vestibular schwannoma Jung et al., 2019 92 

22 Abscess Kayaaslan et al., 2009 93 

23 Tuberculoma Khan et al., 2019 94 

24 Neurocysticercosis Khurana et al., 2012  97 

25 Cryptococcoma Lahiri et al., 2015 95 



   

 

   

 

26 Neurocysticercosis Mokta et al., 2004 96 

27 Glioblastoma Muzio., 2017 98 

28 Abscess Ngo et al. 2023 99 

29 Vestibular schwannoma Nussbaum et al., 2018 100 

30 Abscess Patel et al., 2021 101 

31 Tuberculoma Pignotti et al., 2019 102 

32 Vestibular schwannoma Ravikanth et al., 2020 103 

33 Neurocysticercosis Razok et al., 2023 104 

34 Tuberculoma Sadashiva et al., 2017 18 

35 Tuberculoma Sadashiva et al., 2017 18 

36 Tuberculoma Sadashiva et al., 2017 18 

37 Tuberculoma Salaskar et al., 2015 105 

38 Tuberculoma Sethi et al., 2017 106 

39 Abscess Shimizu et al., 2019 107 

40 Abscess Shoap et al., 2021 108 

41 Tuberculoma Sumer et al., 2014 109 

42 Lymphoma Sutherland et al., 2012 22 

43 Hemangioblastoma Tan et al., 2021 110 

44 Metastasis 2015 111 

45 Hemangioblastoma Usman et al., 2023 112 

46 Tuberculoma Verma et al., 2018  113 

47 Meningioma Watts et al., 2014  114 

48 MOG antibody-associated disease Zhang et al., 2021 115 

49 Hemangioblastoma Zhenxing et al., 2015  116 

50 Hemangioblastoma Zhenxing et al., 2015  116 

Abbreviations: PFREL, posterior fossa ring enhancing lesion; MOG antibody-associated disease, Myelin oligodendrocyte glycoprotein antibody-associated disease. 

https://www.researchgate.net/scientific-contributions/Reddy-Ravikanth-2143195866?_sg%5B0%5D=CZ2-3GNyJ1nh6i9-KsJJX3RPg1XKJIic8WNmQ-TXuFs6veXOIFPetiJPtuuddFJ-KTAj9_Q.G_C8oRpp2KzuiW16vb1rBiVkXA-5CV9jkYIy7mK1vC31oW-ZxBHhF-iasLT8H16jyXlD7m0RDXpFxAYECjJX7g&_sg%5B1%5D=yHVdLSBc5466OZzJDib5vnu9DZIIArEyo6dyijFLwewLK_ChDO2C6A9Iox3KVRXVIp5jPu8.kTQ_xe7TSRTf0hgS7NqyMswOrPf4qWjJh2oQ2kBeS11D86t6bF1WXrKNcTkV5lukEJp3XpuXBKaFEGihVYoSbg&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
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Supplementary Table 5: PFREL etiologies 

Etiology 

Number of patients          

(n = 116) Percentage 

Abscess 23 19,83% 

Tuberculoma 22 18,97% 

Metastasis 15 12,93% 

Neurocysticercosis 8 6,90% 

Hemangioblastoma 6 5,17% 

Neuro-Behçet 5 4,31% 

High grade glioma 4 

3,45% Multiple sclerosis 4 

Vestibular schwannoma 4 

Epidermoid cyst (or its transformation into squamous cell carcinoma) 3 2,59% 

Pineal region tumor 3 

Fungal disease 2 
1,72%  

Pilocytic astrocytoma 2 

CLIPPERS 1 

0,86% 
Dermoid cyst (or its transformation into squamous cell carcinoma) 1 

Dysembryoplastic Neuroepithelial tumor 1 

Granulomatous amoebic encephalitis 1 

Lower cranial nerve schwannoma 1 



   

 

   

 

Lymphoma 1 

Meningioma 1 

MOG antibody-associated disease 1 

Neurosarcoidosis 1 

Radionecrosis 1 

Richter's syndrome 1 

Sparganosis 1 

Subacute stroke 1 

Tuberculosis-IRIS 1 

Toxoplasmosis 1 

   
Abbreviations: Tuberculosis-IRIS, Tuberculosis-immune reconstitution inflammatory syndrome; CLIPPERS, chronic 
lymphocytic inflammation with pontine perivascular enhancement responsive to steroids; MOG antibody-associated 
disease, Myelin oligodendrocyte glycoprotein antibody-associated disease 
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Supplementary table 6: Independent set of PFREL cases used for the algorithm validation. 

Patient  Diagnosis  Sources  

1  Subacute hemorrhage  Cliniques universitaires Saint-Luc 

2  Metastases  Cliniques universitaires Saint-Luc 

3  Pilocytic astrocytoma  Cliniques universitaires Saint-Luc 

4  Pilocytic astrocytoma  Cliniques universitaires Saint-Luc 

5  Hemangioblastoma  Cliniques universitaires Saint-Luc 

6  Metastasis  Bose A, Prasad U, Kumar A, Kumari M, Suman SK, Sinha DK. Characterizing Various Posterior Fossa Tumors in Children and Adults With 
Diffusion-Weighted Imaging and Spectroscopy. Cureus. 2023 May 17;15(5):e39144. doi: 10.7759/cureus.39144. PMID: 37378152; PMCID: 
PMC10292159. Figure 6E  

7  Abscess  Kumar, I., Shekhar, S., Yadav, T. et al. The many faces of intracranial tuberculosis: atypical presentations on MRI—a descriptive 
observational cohort study. Egypt J Radiol Nucl Med 54, 116 (2023). https://doi.org/10.1186/s43055-023-01061-6. Figure 4  

8   Metastases  https://epos.myesr.org/posterimage/esr/ecr2015/129414/mediagallery/620694  

9   Metastases  Bedre G, Gupta T, Rajasekharan P, Munshi A, Jalali R. Cerebellar, pancreatic, and paraspinal metastases in soft tissue sarcomas: unusual 
sites or changing patterns? JOP. 2007 Jul 9;8(4):444-9. PMID: 17625297.  

10  Abscess  Renard, D., Castelnovo, G., Le Floch, A. et al. Pseudotumoral brain lesions: MRI review. Acta Neurol Belg 117, 17–26 (2017). 
https://doi.org/10.1007/s13760-016-0725. Figure 4  

11  Abscess  Rafay, Muhammad & Sheikh, Muhammad & Aslam, Ejaz. (2018). Nocardia Brain Abscess in Immunocompetents. 
10.31021/ijsp.20181108. Figure 1  

12  Metastasis  Sharma SR, Maslin D, Ah-See SY, Todd P. Multiple cutaneous metastases as the first sign of metastatic carcinoma of unknown primary. 
BMJ Case Rep. 2018 Mar 9;2018:bcr2017223970. doi: 10.1136/bcr-2017-223970. PMID: 29523619; PMCID: PMC5847975.  

13  Metastasis  Hôpital Erasme  

14  Metastasis  Hôpital Erasme 

15  Metastasis  Hôpital Erasme 

16  Tuberculoma  Hôpital Erasme 

Abbreviations: PFREL, posterior fossa ring enhancing lesion, Cliniques universitaires Saint-Luc, Cliniques universitaires Saint-Luc, Brussels, BE ; Hôpital Erasme, Hôpital 
Erasme - Hôpital Universitaire de Bruxelles, Brussels, BE 


