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Abstract: Paracoccidioidomycosis (PCM) is a infection caused by the thermodimorphic fungus Paracoccidioides spp. (P. lutzii and, 
mainly, P. brasiliensis). This infection predominantly affects rural male workers aged between 30 and 50 years old who deal with soil on 
daily activities. Clinically, the disease is classified as acute/subacute phase, which evolves rapidly, secondary to dissemination of the fungus 
through to the phagocytic-mononuclear system, leading to fever, weight loss, and anorexia, associated with hepatosplenomegaly and 
lymphadenopathy, which can be complicated with suppuration and fistulization; and chronic phase, which corresponds to 74% to 95% of 
symptomatic cases, with a common pulmonary involvement. Central nervous system involvement is almost always a characteristic of the 
chronic form. Inhalation is the most common route of primary infection, usually affecting the lungs, forming the primary complex. From the 
primary complex, hematogenic dissemination can occur to any organ, including the brain and spinal cord. Although PCM of the central 
nervous system diagnosis is usually based on histopathological analysis and the imaging features are not specific for PCM, computed 
tomography and magnetic resonance imaging can demonstrate evidences of granuloma, abscess, meningitis, or a combination of these 
lesions, contributing to a preoperative diagnosis, especially when considered in conjunction with epidemiology. In this article, we review the 
pathophysiology, clinical manifestations and imaging aspects of neuro-PCM. 
Keywords: paracoccidioidomycosis, neuro-PCM, magnetic resonance imaging, granuloma, meningitis

Introduction
Paracoccidioidomycosis (PCM) is a fungal infection caused by the thermodimorphic fungus Paracoccidioides spp., which 
primarily inhabits the soil and is endemic in Latin America.1 The disease was first described in 1908 by a Brazilian physician, 
Adolfo Lutz, and affects at least 10 million people, from Mexico to Argentina.2,3 This fungus is slow-growing and forms 
colonies that produce infective propagules, called conidia.4 The soil and plants are the primary habitats, and human infections 
seem more prevalent in regions where clayey soil is more abundant. Infection rates are estimated at 10% of the population in 
endemic areas, but only up to 2% of infected individuals will develop disseminated forms of the disease.3 There are two main 
species of pathogenic Paracoccidioides: P. brasiliensis and P. lutzii. P. brasiliensis is composed of a complex of at least five 
phylogenetic species: S1a, S1b, PS2, PS3 and PS4.4,5 P. lutzii encompasses only one single species.4

PCM predominantly affects rural male workers aged between 30 and 50 years old, who deal with contaminated soil 
by the fungus on daily activities, usually related with work, such as farming, earthworks, soil preparation, gardening and 
transportation of vegetable products.1,6 Inhalation is the most common route of infection. Conidia transforms into oval to 
round yeast that primarily infect the lungs. PCM may also affect a variety of other organs and systems, including the 
brain and spinal cord.7
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Typically, the neurological involvement of PCM is rare and it occurs in the chronic form of the disease, usually 
associated with significant sequelae and high mortality. Neurological manifestations of PCM are unspecific, depending 
on the lesion location. PCM can present in several different forms in the central nervous system, including granuloma, 
abscess, meningitis and a combination of these presentations. The spinal cord can also be affected, mostly with 
a pseudotumoral presentation.8

Several methods have been helpful to diagnose PCM. The definitive gold standard diagnosis is based on identification 
of the fungus on microscopy, culture, or histology,9 but imaging may help with diagnostic suspicion and to guide the 
biopsy site. The infection can also be diagnosed by a positive intradermal reaction to specific antigens and/or necropsy 
findings of latent fungi, but this is not routinely performed.4

The most characteristic pattern of neuro-PCM on brain magnetic resonance imaging (MRI) is single or multiple 
pseudotumoral lesions, with hypointense signal on T2-weighted imaging and peripheral contrast-enhancement, due to 
granulomas, but other granulomatous diseases may show similar findings.8 Despite not having a pathognomonic aspect on 
neuroimaging exams, imaging aspects of neuro-PCM, in correlation with clinical aspects, epidemiological data and chest 
imaging exams can be important for an early diagnosis, which may in turn address to a positive impact on patient prognosis.10 

In this article, we review the pathophysiology, clinical manifestations and imaging aspects of neuro-PCM, in conventional and 
advanced imaging sequences, with a focus on the contribution that neuroimaging can provide to the final diagnosis.

Pathophysiology
The most common route of infection is through inhalation, after which the conidia transform to yeast. From its natural 
habitat, the fungus is inhaled and penetrates the host, usually through the lungs or exceptionally through the skin, due to 
a lesion caused by an infected wound. Then, the infectious agent can be destroyed or multiply, to produce an inoculation 
lesion, and be drained to regional lymph nodes, forming the primary complex. From the primary complex, hematogenic 
dissemination can occur to any organ (metastatic foci).11 During this period, there may be no clinical signs of infection, but 
the sensitization and an immunospecific response may be detected through a positive response for paracoccidioidin 
intradermal test. Then, different scenarios may be seen. First, the disease may regress, forming sterile scars. It can also 
regress, with the maintenance of viable fungi and formation of quiescent foci (including the metastatic foci); or it may 
progress, with the appearance of clinical signs and symptoms of the disease.4,11

The primary site of infection is usually the lung, but it is often subclinical. A reactivation may occur years after the 
primary infection, manifesting mainly in the lungs, but other organs, such as mucous and cutaneous tissues, lymph nodes, 
adrenal glands and the central nervous system can also be affected.12,13 It is important to remember that PCM is not 
contagious from person to person, because the fungus remains in the yeast form at body temperature.13

The control of the infection or manifestation of the disease depends on the host’s cellular immune response, in which 
T lymphocytes play an important role.14 Most infected individuals living in endemic areas will not develop any illness. 
These individuals exhibit a T-helper (Th)-1 immune response pattern, characterized by the release of cytokines that 
activate macrophages, CD4+ T lymphocytes, and CD8+ T lymphocytes, forming compact granulomas and controlling the 
fungal replication.15,16 However, dormant forms of the fungus may still exist inside these granulomas. The individuals 
who develop the disease most likely had deficient Th-1 responses to the fungus, developing Th-2 and Th-9 immune 
response patterns, not forming compact granulomas, and activating B lymphocytes, leading to formation of high levels of 
specific antibodies, hypergammaglobulinemia and eosinophilia.17

Although some patients manifest the disease isolated in the central nervous system, usually, when the brain or spinal cord 
are affected, the patient has a disseminated disease. To affect the central nervous system, the fungus disseminates from 
a primary focus (which usually is the lung), through hematological and/or lymphatic route, or also by contiguity.18

Clinical Manifestations
After settling in the lungs, the fungus can spread to any organ, where it may or may not produce symptoms. Clinically, PCM 
can be classified in I) infection, which may be asymptomatic; II) disease, which is symptomatic, and is subclassified in acute/ 
subacute form (juvenile), and chronic form (adult); and III) residual form, which is the sequelae of the disease.11 Some 
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individuals develop the symptoms of PCM years after the primary infection, sometimes when the contact with the 
contaminated soil has stopped, complicating the diagnosis.4

The acute/subacute form of the disease is responsible for 5–25% of the cases, predominantly affecting children, 
adolescents and young adults between 30 and 40 years old, equally distributed between genders. Typically, the clinical 
symptoms evolve rapidly, secondary to dissemination to the phagocytic-mononuclear system, leading to fever, weight 
loss and anorexia, associated with hepatosplenomegaly and lymphadenopathy, which can be complicated with suppura
tion and fistulization. Cutaneous or mucosal lesions can also be seen. Eosinophilia is a prominent laboratory finding. 
Neurological involvement is rare in the acute/subacute form.4,11

The chronic form corresponds to 74% to 95% of symptomatic PCM cases, typically manifesting between 30 and 60 
years old, predominantly in men (men to women ratio: 22:1).4 Apparently, women are less likely to develop chronic 
PCM because estrogens inhibit the transformation of the aspirated conidia into yeast and modulate the immune response 
against the fungus.19,20 The symptoms of the chronic form begin slowly and may persist beyond 6 to 12 months before 
the diagnosis. In 90% of patients with this form of PCM, pulmonary involvement is observed. The mucosa of the upper 
aerodigestive tract and the skin are also commonly affected.4

Involvement of the central nervous system by PCM is almost always a characteristic of the chronic form, and it is 
associated with a high mortality and significant sequelae. In 21% of the cases, the onset of neurological symptoms 
appears before the onset of systemic symptoms. Whereas in 33% neurological symptoms appear simultaneously and in 
46% they appeared after the onset of the systemic symptoms.18 The frequency of neurological involvement in PCM is 
extremely variable, but recent evidences demonstrated that it is higher than previously thought, reaching up to 27% of 
patients.21 A necropsy study demonstrated central nervous system involvement in 36% of cases.22

Symptoms of PCM in the central nervous system can be secondary to pseudotumoral lesions with intraparenchymal 
granulomas, or abscesses, and/or meningitis, secondary to lepto- and pachymeningeal inflammation, which usually occur 
in the skull base.23–25 The most common neurological symptoms, in decreasing order of frequency, are motor weakness, 
headache, seizures, ataxia, cognitive deficit and sensory alterations. Myelopathy is rarely seen.8

Although not usually related to immunosuppressive diseases, such as human immunodeficiency virus (HIV)- 
infection, cases of PCM as an opportunistic infection have been reported. PCM may be an occasional opportunistic 
infection in patients with impaired cellular immune response, often due to reactivation of residual lesions of a previous 
infection. Immunosuppressed patients usually develop disseminated forms of the disease, with a younger age at 
presentation, a greater proportion of women and higher mortality.26,27 In patients with solid organ transplantations, 
chronic PCM has been described mainly in kidney transplants. PCM in immunocompromised heart and liver transplant 
patients has also been reported.28

Diagnosis
The definitive diagnosis of PCM is made by visualization or isolation of the fungus from biopsy or necropsy. Although 
brain biopsy can confirm the diagnosis, it is an invasive procedure, and the lesion may be located in a region where the 
biopsy cannot be safely performed.13 Therefore, the diagnosis of neuro-PCM often originates from evidence of PCM in 
other organs. This is important, since almost 90% of patients with central nervous system PCM have evidence of the 
disease in other organs, especially the lungs.18

Cerebrospinal fluid (CSF) analysis reveals normal glucose, increased protein level, with increased gamma globulin, 
due to blood brain barrier breakdown and/or intrathecal antibody production. Hypercellularity can also be seen, with 
a predominance of monocytes and lymphocytes.13,18 Glycoprotein gp43, a major antigenic component of P. brasiliensis, 
as well as antibodies against this antigen can be found in the CSF. Detection of these glycoprotein and antibodies in CSF 
can be helpful in the diagnosis and treatment follow up.29,30 Antibodies anti-gp43 can be found in the CSF of 63% of 
patients with acute and chronic PCM, reflecting intrathecal production. Enzyme-Linked Immunosorbent Assay anti-gp43 
of the CSF has high positive and negative predictive values, and it can aid in the diagnosis and treatment follow up.13 

A probable PCM diagnosis can be performed in a patient with clinical manifestations compatible with PCM and positive 
antibodies for P. brasiliensis/P. lutzii.4 However, direct microscopic examination and culture for P. brasiliensis are 
usually negative in the CSF.31

Research and Reports in Tropical Medicine 2023:14                                                                          https://doi.org/10.2147/RRTM.S391633                                                                                                                                                                                                                       

DovePress                                                                                                                          
89

Dovepress                                                                                                                                                           Costa et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Histopathological analysis of PCM exhibits the formation of granulomas, containing epithelioid cells and multi
nucleated giant cells, which may contain fungi in the cytoplasm. Necrosis may be present and be extensive, containing 
numerous fungal structures. Granulomas may appear in a compact and well-defined form, exhibiting fibrosis and 
infiltration of lymphocytes and plasmocytes in their periphery, and sometimes eosinophils; or in a looser form, with 
few epithelioid cells and giant cells, in the midst of edema and infiltration of neutrophils, plasmocytes, lymphocytes, 
macrophages and eosinophils, permeating a large number of fungal structures.32,33

The fungus appears as rounded, yeast-like cells, with bilayered membrane, with or without single or multiple budding, from 4 
to 40 µm in its largest diameter. Multiple exosporulation is characteristic of the fungus, giving the classic pilot’s wheel or 
“Mickey Mouse” head appearance (Figure 1).32,33 Although fungal structures can be sometimes visualized on routine hematox
ylin and eosin staining, methenamine silver nitrate stains (Grocott-Gomori) and Schiff’s Periodic Acid (PAS) are employed to 
demonstrate the microorganism and confirm the diagnosis.34 The diagnosis of confirmed PCM is performed when the patient 
presents with clinical features compatible with the disease, as well as elements suggestive of P. brasiliensis or P. lutzii infection in 
body secretions or fluids, through microscopy analysis or culture, and/or tissue sample, through histopathological analysis.4

Imaging Features
Imaging exams, especially computed tomography (CT) and MRI, are important for the diagnosis. Essentially, neuroima
ging can demonstrate evidences of granuloma, abscess, meningitis, or a combination of these lesions (Table 1). However, 
the imaging features are not specific for PCM and these imaging findings have a long list of differential diagnosis, 
including other granulomatous diseases, other causes of abscesses, and meningitis.23,35,36 Although the diagnosis is based 
on histopathological analysis, depending on the clinical suspicion and epidemiological history, correlation with chest CT 
may help to narrow the differential diagnosis, since neuro-PCM is usually associated with pulmonary involvement. 
Typically, chest CT reveals several different patterns of abnormalities, such as ground-glass opacities, consolidations, 
interlobular septal thickening, nodules, masses, cavitation with or without internal septa and fibrosis. The most common 
imaging pattern of pulmonary PCM is a combination of two or more of these lesions in the same exam (Figure 2).37–39

Granuloma
Granulomas are the most common presentation of neuro-PCM, which is characterized by single or multiple lesions in different 
parts of the central nervous system, without calcifications, with perilesional edema, and mass effect. On CT, this lesion is 
hypodense, with irregular margins, irregular peripheral contrast enhancement of varying thickness, associated with perile
sional edema.10,33 Some lesions may have a hyperdense periphery with a hypodense center, and rarely, the lesions may be 
totally hyperdense, due to hemorrhages.36,40 The lesions are most commonly located in the infratentorial compartment, mainly 

Figure 1 Histopathology of a granulomatous lesion due to PCM. Microphotograph of methenamine silver nitrate stain (Grocott-Gomori) demonstrating the peripheral 
budding yeast structures of P. brasiliensis, with the aspect of a pilot’s wheel, or “Mickey Mouse” head (red arrows).
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in the cerebellum,8 and 53% of the cases present with two or more granulomas.10 Non communicating hydrocephalus can also 
be seen, mainly when the lesions are located in the cerebellum, due to fourth ventricle compression. However, hydrocephalus 
may also be due to leptomeningeal involvement in the basal cisterns, obstructing cerebrospinal fluid flow.10

On MRI, granulomas typically present with a predominant hypointense signal on T2-weighted imaging, secondary to 
increased iron deposition, due to fungal elements and hemorrhages. On T1-weighted imaging, the lesions have hypointense 
signal intensity, sometimes they may present a slightly peripheral hyperintense signal, with peripheral or nodular gadolinium- 
enhancement (Figures 2 and 3).21,41,42 These lesions may or may not present restricted diffusion (Figure 4).8 Perfusion-weighted 
imaging (PWI) can demonstrate reduced relative cerebral blood volume (rCBV), on dynamic susceptibility contrast, and a slow 
and progressive ascending curve on dynamic contrast enhanced (DCE) (Figure 2).23,36 On magnetic resonance spectroscopy, 

Table 1 Different Types of Neuro-PCM Presentation, Their Imaging Aspects and Main Differential Diagnoses

Type of Presentation Imaging Aspects Differential Diagnosis

Pseudotumoral Granuloma ● Hypodense nodular lesion, with irregular margins, with 
irregular peripheral contrast enhancement of varying 

thickness, with perilesional edema.
● Nodular lesion with hypointense signal on T2- and T1- 

weighted imaging, with or without restricted diffusion, 

with reduced perfusion, and peripheral or nodular 

gadolinium-enhancement

● Primary CNS neoplasms,
● Metastasis,
● Other granulomatous diseases (tuberculosis, 

sarcoidosis)

Abscess ● Hypodense nodular lesion, with ring peripheral con

trast-enhancement, with adjacent edema, on CT.
● Nodular lesion, with hypointense signal on T1, hyper

intense signal on T2, with central restricted diffusion 

and peripheral gadolinium-enhancement, on MRI. Dual 

ring sign may be seen on SWI.

● Other causes of abscess (pyogenic, tuberculous, 

fungal)

Meningitis Pachy- or/and 

leptomeningitis

● Pachy- or/and leptomeningeal contrast-enhancement, 

mainly in the basal cisterns

● Any cause of meningitis, mainly those which 

affect preferentially the basal cisterns, such as 

tuberculosis, syphilis and sarcoidosis

Figure 2 67-year-old man presented with headache and ataxia. Brain MRI revealed an expansive lesion in the left cerebellar hemisphere, with hypointense signal on T1- 
(arrow in (A)) and T2-weighted imaging (arrow in (B)), with peripheral gadolinium-enhancement (arrow in (C)). The lesion did not present a significant restricted diffusion, 
on DWI (arrow in (D)) and apparent diffusion coefficient map (arrow in (E)). The lesion also presented a reduced rCBV, on the semiquantitative CBV color map (arrow in 
(F)). Also note the perilesional edema, better seen on T2-weighted imaging (B), as a hyperintense perilesional signal. (G and H) Chest CT in the pulmonary window 
demonstrated multiple different types of lesions, such as a cavitation with an internal septa in the upper right lobe (white arrow), other cavitation in the middle lobe (blue 
arrow), nodules (red arrows), consolidations (yellow arrow), and reversed halo sign (green arrow). The histopathological analysis confirmed PCM in the cerebellar lesion.
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there are increased lipids peak, suggesting intense necrosis, and decreased N-acetylaspartate and choline peaks, along with the 
absence of succinate, acetoacetate and alanine peaks (Figure 5).43 Recently, hippocampal sclerosis associated with PCM has also 
been described as a neuroimaging manifestation of this disease, associated with granulomas.44

The differential diagnosis of this lesion includes primary brain neoplasms, especially high-grade gliomas and metastasis. 
PWI, DWI and spectroscopy may help to differentiate between granulomas and neoplasms, since high-grade neoplasms and 
metastasis in general present with increased rCBV, restricted diffusion in their solid portions, associated with increased choline 
peak.45 Also, high grade neoplasms usually demonstrate multiple intratumoral susceptibility signal, due to intralesional 
hemorrhages, calcifications or tumoral neovascularity.46 However, a granuloma secondary to PCM cannot be differentiated 
from other granulomatous diseases, such as tuberculosis and sarcoidosis.23

Figure 3 A 31-year-old woman presented with cough and seizures. (A) Chest radiograph revealed bilateral pulmonary consolidations, more conspicuous in the central areas 
(“butterfly wing” pattern). Brain MRI demonstrated a cortico-subcortical right frontal lesion, with predominantly hypointense signal on FLAIR (arrow in (B)), associated with 
peripheral irregular gadolinium-enhancement (arrow in (C)), and edema. Brain MRI performed 5 months after antifungal treatment showed significant reduction of the lesion 
and peripheral edema, on FLAIR and postcontrast T1-weighted imaging (arrows in (D and E), respectively).

Figure 4 50-year-old man presented with headache. Brain CT revealed an hypodense expansive lesion in the right parietal lobe, with peripheral contrast-enhancement 
(arrow in (A)). Brain MRI demonstrated that the lesion had mild hyperintense signal on T1- (arrow in (B)) and hypointense signal on T2-weighted imaging (arrow in (C)), 
with peripheral gadolinium-enhancement (arrow in (D)). The lesion also had reduced rCBV, on the semiquantitative CBV color map (arrow in (E)). Furthermore, the lesion 
had restricted diffusion, with hyperintense signal on DWI (arrow in (F)) and hypointense signal on apparent diffusion coefficient map (arrow in (G)). Chest CT in the 
pulmonary window demonstrated clusters of small nodules (red arrows in (H)) and a mass (white arrow in (H)).
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Abscess Pattern
PCM can also simulate a pyogenic abscess. Brain CT shows a nonspecific hypodense lesion with a low attenuation 
central portion, with an iso- or hyperdense ring, which presents peripheral contrast-enhancement, surrounded by edema. 
MRI demonstrates abscesses as an expansive lesion with central hypointense signal on T1-weighted imaging (but slightly 
hyperintense related to cerebrospinal fluid), central hyperintense signal on T2-weighted imaging and fluid-attenuated 
inversion recovery (FLAIR), and a thin peripheral capsule, that has hypointense signal on T2-weighted imaging. The 
peripheral capsule also presents gadolinium-enhancement.47 The central portion of the lesion has restricted diffusion, 
which is related to the pus inside the cavity (Figure 6).48,49 On susceptibility-weighted imaging (SWI), the “dual ring 
sign” can be demonstrated, especially in lesions greater than 2 cm. It is characterized as two concentric rims at the margin 
of the lesion, with the outer rim hypointense and the inner rim hyperintense, which was previously thought to be specific 
of pyogenic abscess, but can be seen in other diseases.36,50 PWI also demonstrates reduced rCBV.

Figure 5 A 65-year-old man presented with headache and seizures. Brain MRI demonstrated a heterogeneous lesion on T2-weighted imaging in the left parietal lobe (A). (B) 
Proton 1H-spectroscopy of the lesion, with a short echo time (35 ms), showed a lipid peak, at 1.3 ppm, and absence of choline and N-acetylaspartate peaks. The 
histopathological diagnosis was PCM.

Figure 6 A 45-year-old man presented with seizures. Brain CT showed an hypodense lesion in the left frontal lobe, with peripheral edema (arrow in (A)). Brain MRI showed 
an expansive lesion with hyperintense signal on its central part and a peripheral hypointense signal, surrounded by edema, on T2-weighted imaging (arrow in (B)). T1- 
weighted imaging after intravenous gadolinium injection demonstrated a peripheral and thin enhancement in the lesion (arrow in (C)). PWI demonstrated a reduced rCBV 
(arrow in (D)). (E and F) Diffusion-weighted imaging and apparent diffusion coefficient map demonstrated that the lesion had a central area of diffusion restriction, 
suggestive of an abscess (arrows in (E and F), respectively). Chest CT demonstrated areas of reversed halo sign (white arrows in (G)) and nodules (red arrow in (G)). The 
histopathological analysis of the brain lesion confirmed PCM.
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It may be difficult or even impossible to differentiate a pyogenic abscess from a fungal abscess by imaging alone. 
Spectroscopy can identify an isolated lipid peak in abscesses due to PCM,5 which is not expected in a pyogenic abscess. 
On the other hand, pyogenic abscesses may demonstrate peaks of amino acids (0.9 ppm), acetoacetate (1.9 ppm), and 
succinate (2.4 ppm).51 Trehalose, which appears as multiple peaks ranging from 3.6 ppm to 3.8 ppm in spectroscopy, is 
specific for fungal infection, although not highly sensitive.52

An abscess can also be differentiated from a necrotic high-grade glioma or metastasis, through PWI and DWI. While 
high-grade neoplasms and metastasis in general present increased rCBV and restricted diffusion in their solid peripheral 
portion, abscesses do not present increased rCBV and have restricted diffusion in their central necrotic portion.45 

Moreover, the capsule in abscesses usually is thin and regular, whereas in neoplasms, the peripheral solid portion is 
thick and irregular (Figure 7).

Meningitis
Meningitis related to PCM was first described in 1943.53 It can be associated with granulomas, or more rarely, an isolated 
finding. Also, the meningeal inflammation can be localized, particularly in the basal cisterns, or diffuse.18 Neuroimaging may 
demonstrate diffuse pachymeningeal or leptomeningeal enhancement, sometimes associated with hydrocephalus or cortical 
nodules. MRI is more sensitive than CT to detect these alterations and to monitor the treatment response.21,23,54 Furthermore, 
post-contrast-FLAIR is even more sensitive than post-contrast-T1-weighted imaging to detect meningeal enhancement, and it 
should be performed in suspected cases (Figure 8).55 The differential diagnosis of this pattern is any infectious or inflammatory 
meningitis, especially those that affect preferentially the basal cisterns, such as tuberculosis, syphilis and sarcoidosis.23,56,57

Spinal Cord
Spinal cord involvement in PCM is very rare, occurring in 4% of neuro-PCM cases and in only 0.6% of all PCM patients. The 
thoracic portion of the spinal cord is most commonly affected. Clinically, patients may present signs of transverse myelitis.23 

MRI can demonstrate enlargement of the spinal cord, with an intramedullary expansive lesion, that shows hypointense signal 
on T2-weighted imaging, gadolinium-enhancement and peripheral edema, similar findings of a granuloma (Figure 9).58–61 

Figure 7 Note how MRI can help to differentiate a typical granuloma, from an abscess, and a high grade neoplasm. Granuloma typically has a hypointense signal on T2- 
weighted imaging, peripheral contrast enhancement, with no restricted diffusion and reduced rCBV. Abscess has hyperintense central signal on T2-weighted imaging, with 
central restricted diffusion and reduced rCBV, associated with a peripheral capsule which has hypointense signal on T2, as well as thin and regular contrast-enhancement. 
Lymphoma, in an immunocompetent patient, presents with hypointense signal on T2, restricted diffusion, diffuse contrast-enhancement and increased rCBV. A high-grade 
glioma, such as GBM, usually has heterogeneous signal on T2, with irregular contrast-enhancement and restricted diffusion, associated with increased rCBV in its solid 
portions. Although in general the rCBV of a lymphoma is not as high as the rCBV of a high-grade glioma, it is generally higher than the rCBV of inflammatory and infectious 
lesions, including granulomas and abscesses. 
Abbreviations: DWI, diffusion-weighted imaging; GBM, glioblastoma; T1WI+Gd, T1-weighted imaging after intravenous gadolinium injection; T2WI, T2-weighted imaging; 
PWI, perfusion-weighted imaging.
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Figure 8 A 44-year-old presented with reduced level of consciousness. Brain MRI demonstrated leptomeningeal enhancement in the basal cisterns, on post-contrast T1- 
weighted imaging (arrows in (A)), and post-contrast FLAIR (arrows in (B)), associated with hydrocephalus (C).

Figure 9 A 37-year-old man presented with paraplegia in the lower limbs and urinary incontinence. Thoracic spinal cord MRI demonstrated an intramedullary lesion with 
heterogeneous gadolinium-enhancement in the level of T12 (arrow). The patient underwent surgery, and the final diagnosis was PCM.
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The differential diagnosis for this kind of lesion is intramedullary neoplasms, such as ependymoma and astrocytoma, as well 
as pseudotumoral infectious and inflammatory lesions, such as tuberculosis and sarcoidosis.

Conclusion
Therefore, imaging can reveal evidences of granuloma, and more rarely abscess, meningitis, and/or a combination of 
these patterns in neuro-PCM, in the brain and spinal cord. Considering the imaging aspects, together with clinical and 
epidemiological data, one can suggest the possibility of PCM, and is crucial for an accurate early diagnosis and has 
a positive impact on patient treatment and prognosis.
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