
© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2018;8(3):333-341qims.amegroups.com

Introduction

Neonatal meningitis (NM) represents an inflammatory 
response to many types of cerebrospinal fluid (CSF) and 
pia-arachnoid infections of the central nervous system 
(CNS). NM can be classified as early or late depending of 
their occurrence by vertical transmission during the first 
week of life, or by interpersonal/nosocomial transmission 
as a late onset presentation of neonatal sepsis (1,2). Gram-
positive NM represents the majority of cases, with Group B 
streptococcus (GBS) as the leading causative pathogen in this 
class (3). Gram-negative NM is usually related to Escherichia 
Coli, Klebsiella, Enterobacter, Salmonella and Klebsiella (Table 1). 
Proteus Mirabilis represents only 4% of cases in this class (4). 

High clinical suspicion, prompt diagnosis, immediate 
institution of therapy and early recognition and management 
of complications can make a huge difference in the 
neurological outcome as well as decreased mortality (3). 

Very often the clinical course of NM is characterized by 
sudden worsening, usually caused by convulsive states, but 
at times associated with cerebrovascular complications and 

cerebral strokes. Clinically it can be challenging to evaluate 
the severity, exact location, and degree of insult to the brain; 
for this reason, an immediate radiological recognition of these 
pathological patterns in patients admitted to Neurointensive 
Care Units (NICU) is pivotal in providing clinicians with 
useful information to guide the medical treatments (2).

Despite its limitations, mainly related to costs, logistics 
and safety issues, magnetic resonance imaging (MRI) 
represents the best modality imaging to investigate those 
conditions: in fact it provides excellent image definition, 
accuracy and quality. Neuroradiologists need to be aware of 
the possible pitfalls that may be encountered in this clinical 
scenario, as such we herein provide two exemplificative 
cases of NM complicated with ring enhancing lesions. 
Differentiating between evolving ischemic strokes 
or brain abscesses can become a real neuroradiology 
challenge; solving it appropriately, by achieving the correct 
diagnosis and timely choosing the best medical or surgical 
treatment is of paramount importance for the appropriate 
management of those sick neonates.
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Exemplificative case 1: evolving intracerebral 
hematoma

A female baby, born at term to a healthy mother, presented 
at day 9 with lethargy, poor feeding, seizures and fever. 
Her anterior fontanelle was soft and head circumference 
within the 50th and 85th centile. Admission to NICU was 
promptly arranged; the analysis of a CSF tap resulted 
positive for GBS, and antibiotic treatment was timely 
started on grounds of meningitis as the most likely cause 
for her clinical presentation. A cranial ultrasound was 
also performed during the first day of hospitalization and 
ruled out intraventricular/intraparenchymal bleeding 

or hydrocephalus; though an electroencephalography 
demonstrated irritation of the right hemisphere, pointing 
at the temporal lobe as possible lesional area. An MRI brain 
performed within 24 hours from admission revealed in 
fact confluent areas of ischemic strokes involving the right 
temporal and occipital lobes, and the left occipital lobe with 
some associated hemorrhagic changes (Figure 1A,B). Other 
smaller areas of cerebral ischemia were noted in the right 
deep cerebral white matter, and a small area of diffusion 
restriction was also seen in the occipital horn of the right 
lateral ventricle in keeping with small amount of pyogenic 
exudate (Figure 2A,B). Due to initial concerns of contrast 
medium toxicity the scan was unenhanced. 

Table 1 Etiology of neonatal meningitis (NM)

Incidence
Bacterial NM

Viral NM
Other sources (parasitic, 

fungal, amebic NM) Gram-positive Gram-negative

Most 
common

Group B streptococcus; 
Streptococcus pneumonie; 
Listeria monocytogenes

Escherichia coli Enterovirus;  
Herpes simplex virus 

Toxoplasma

Least 
common

Staphylococcus aureus Neisseria; Klebsiella; 
Enterobacter; 
Citrobacter; Serratia

HIV; Cytomegalovirus; 
Influenza virus

Cryptococcus; 
Trophozoites (e.g., 
Naegleria fowleri)

Source: www.CDC.gov. NM, neonatal meningitis; HIV, human immunodeficiency virus.

Figure 1 Axial T2 WI (A) and axial T1 WI (B) of the first MRI scan show diffuse areas of ischemic strokes involving the right temporal and 
occipital lobes and left occipital lobe with some associated hemorrhagic changes. WI, weighted imaging; MRI, magnetic resonance imaging.
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Follow-up enhanced MRI brain at day 22 showed 
expected evolution of the infarctions with encephalomalacic 
changes (Figure 3 )  and interval  resolution of the 
intraventricular exudate. However an organized smooth 
closed ring-enhancing lesion with core of diffusion 
restriction was noted in the right temporal lobe (Figure 4).  
This finding raised the suspicion of cerebral abscess, and 
only an accurate review of the imaging data allowed to clarify 
its nature and guide the clinicians to the optimal medical 
management. In fact on one hand, as the neonatal brain is 
not myelinated yet at that age, the absence of perilesional 
edema, usually expected in case of abscess, could not rule 
out the infective nature of the lesion; on the other hand, the 
ring-enhancing lesions always showed a very low signal on 
T2 gradient, which is typical of blood products (Figure 5).  
Indeed those abnormalities were consequences of a 
vasculitic process, nonetheless given the septic state the 
areas of diffusion restriction were initially interpreted 
as acute cerebritis, in fact the latter can cause restriction 
and thus trigger the diagnostic dilemma (5). The case 
was discussed in the neuroradiology multidisciplinary 
meeting, and the neuroradiology advise was to consider 
the lesion as expression of intracerebral hematoma, and 

Figure 2 Axial DWI of the first MRI scan shows small area of cerebral ischemia in the right deep cerebral white matter (arrow in A). 
Another area of diffusion restriction is noted in the occipital horn of the right lateral ventricle (arrow in B). Confluent areas of restriction 
are also noted in the left occipital lobe, corresponding to cortical and subcortical ischemia (B). DWI, diffusion weighted imaging; MRI, 
magnetic resonance imaging.

Figure 3 Axial T2 WI of the follow-up scan shows expected 
evolution of the infarctions with encephalomalacic changes. WI, 
weighted imaging.
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Figure 4 Axial and sagittal post contrast T1 WI (A and B) and axial diffusion WI (C) of the follow-up scan. Ring-enhancing lesion with core 
of diffusion restriction is noted in the right temporal lobe (arrows). WI, weighted imaging.

Figure 5 Axial T2 gradient of the first (A) and follow-up (B) scans. The ring-enhancing lesion initially shows very low signal on T2 star 
(arrow); the expected signal evolution is noted at the follow-up scan.
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the ring enhancement as transitory evidence of its subacute 
radiological evolution. Hence, a neurosurgical intervention 
was not deemed appropriate on the base of the radiological 
opinion. Further clinical follow-up eventually confirmed 
this diagnosis. 

Exemplificative case 2: intraparenchymal 
abscess

A 15-day-old baby boy was admitted to NICU with high 
fever and cardiovascular dysfunction requiring fluid 
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resuscitation and inotropic support. Blood test demonstrated 
raised inflammatory markers and an initial CSF analysis 
showed pleocytosis. Given the initial diagnosis of NM 
with septic shock a broad-spectrum empiric antibiotic 
treatment was timely started. The baby developed seizures 
overnight and underwent an MRI brain which showed 
two large space occupying lesions (SOL) localized in the 
frontal lobes, both surrounded by perilesional edema, with 

the right one exerting significant mass effect on the corpus 
callosum with initial midline shift. Diffusion weighted 
imaging (DWI) sequences demonstrated peripheral and 
inhomogeneous diffusion restriction, therefore raising 
suspicion of a late stage cerebritis (Figure 6A,B). The 
MRI study was supplemented with susceptibility weighted 
imaging (SWI) sequences which showed mildly hypointense 
rim surrounding the lesions, in keeping with the presence 

Figure 6 Axial T2 WI (A), DWI (B), SWI (C) of the 15-day-old baby show bilateral frontal abscesses with mass effect on the midline, and 
mildly hypointense rim surrounding the lesions on SWI sequences. Post contrast axial T1 WI (D) after drainage (6 days later) shows typical 
rim enhancing capsule and hypointense core. DWI, diffusion weighted imaging; SWI, susceptibility weighted imaging.
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of free radicals (Figure 6C). In fact, it is known that SWI 
phase images showing the hypointensity rim delineate the 
periphery of the lesion, suggesting an increased venous 
vasculature (paramagnetic deoxy-hemoglobin), blood 
products from hemorrhages, or presence of paramagnetic 
free radicals released by macrophages (6,7). 

Given the mass effect suggestive of raised intracranial 
pressure the case was discussed with the neurosurgical team 
on call and the patient underwent a prompt stereotactic 
evacuation of the right frontal lesion. The surgical 
procedure allowed to aspirate almost 15 cc of purulent 
material. The antibiotic treatment was optimized in the 
postoperative days due to the results obtained from blood 
culture and one of the intraoperative samples of the 
purulent collection sent to the microbiology laboratory. 
Both specimens in fact showed the presence of Proteus 
Mirabilis; of note, the culture of the initial CSF sample gave 
no growth. The postoperative course was uneventful and an 
MRI brain with contrast performed on the 6th postoperative 
day confirmed a progressive involution of the lesions which 
were characterized by the typical rim enhancing capsule and 
hypointense core (Figure 6D). 

Discussion

NM is usually caused by an initial bacteremia, followed 
by CNS infection. An association between high-level 
bacteremia and development of NM has been suggested for 
both Gram-positive and Gram-negative pathogens from 
experimental models of hematogenous meningitis (8,9). 
This implies that bloodstream survival in an important 
virulence trait of meningeal pathogens to avoid immune 
clearance by complement-mediated or antibody-mediated 
phagocytic killing mechanisms of host immune cells (10). 

Two mechanisms of breakdown of the integrity of the 
blood brain barrier (BBB), the structural and functional 
barrier that maintains the homeostasis of the neutral 
microenvironment by impending the passage of virtually 
all molecules except those that are small or lipophilic, 
have been demonstrated: transcellular and paracellular 
translocation (10,11). Those penetration mechanisms are 
very similar in both infectious and oncological spreading to 
the CNS, and experimental studies are currently carried out 
to exploit these mechanisms and optimize the distribution 
of contrast agents for MRI and nuclear medicine through 
the BBB (12-15). In NM, the transcellular and paracellular 
translocation are usually mediated by a complex interplay 
between increased expression of inflammatory cytokines/

chemokines and adhesion molecules promoting BBB 
permeability (15-17). This initial process is usually followed 
by infection of the pia and arachnoid mater including the 
vessels traversing the subarachnoid space. This stage creates 
the basis for the accumulation of inflammatory exudates 
within the sulci, a condition typical of the in the early 
phases of NM, also known as subependymal gliosis (18,19).

Parenchymal complications in NM may occur for 
two reasons: (I) abscess formation, characterized by early 
cerebritis with focal accumulation of pathogens evolving 
into a central area of necrosis surrounded by a perilesional 
astrocytosis, or (II) vasculitic process, causing infarction 
and subsequent liquefactive ischemic necrosis involving 
the white matter (20,21). In both instances, the resulting 
SOL may appear with a ring enhancement on CT and 
MRI investigations (22). From a clinical perspective, the 
neuroradiology evidence of an intracranial ring enhanced 
SOL is considered as evidence of brain abscess until proved 
otherwise (22,23). Nonetheless, a ring enhancement may 
also occur in the late subacute stage of evolving cerebral 
hematomas, despite this being less commonly encountered 
in clinical practice (24). This radiological finding may 
persist for weeks up to 2 or 3 months (22). Identify the 
correct diagnosis in this clinical scenario often represents 
one of the finest challenges for neuroradiologists. 

Similarly to the four stages of abscess formation (Table 2),  
the proposed mechanisms of ring enhancement in evolving 
hematomas are: (I) the breakdown of the BBB (early 
phase), and (II) the formation of vascular granulation tissue 
(late phase) (25). On DWI the core of brain hematoma is 
hyperintense in the hyperacute and late subacute stages: 
the process of clotting, in fact, involves transformation of a 
fluid to a semisolid with consequent restriction of the water 
diffusion. Noteworthy, DWI signal is not increased in the 
intervening acute and early subacute phases because of T2-
induced hypointensity of clot (“T2 dark-through”) (25). 
This specific image pattern simulates cerebral pyogenic 
abscesses that also show restricted core (pyogenic exudate) 
and peripheral enhancement (capsule) particularly in setting 
of bacterial meningitis (23,26). The main key features to 
be considered at time of differential diagnosis between 
these two entities are: (I) the history of stroke and vascular 
distribution, favoring hematoma; versus (II) the presence of 
multiple rings and satellite lesions and diffuse perilesional 
edema, favoring abscesses (27).

The two exemplificative cases of NM reported above 
presented exceptional challenges for the clinicians. In fact, 
on one hand bacterial NM is followed by abscess formation 
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in only 13% of cases (28); whereas, on the other hand GBS 
meningitis can often be associated with cerebrovascular 
complications including strokes (3). In the first case this 
lead to hemorrhagic transformation of some areas of 
infarction; unfortunately though, that specific evolution 
made the differential diagnosis very difficult since no 
previous scans were available for comparison. Therefore, 
the very low signal on T2 gradient and the absence of 
perilesional edema led to consider an evolving hematoma as 
the most reasonable explanation for the neuroradiological 
pattern identified on the initial MRI. In the second case, 
the fact that a rare Gram-negative bacteria, Proteus Mirabilis, 
was eventually demonstrated as the causative pathogen 
responsible for septic state and abscess formation made 
the case unusually challenging, noteworthy only few 
tens of Proteus Mirabilis—confirmed brain abscess have 
been reported in the literature so far (29). Furthermore, 
clinicians should always bear in mind that the appearance 
and evolution of abscesses in neonates with septic state is 
much more unpredictable than in older children due to the 
lack of proper immune response (23,30).

Conclusions

This educational article focuses on imaging key features 
useful in the diagnosis of neonates presenting with NM 
and ring-enhancing cerebral SOL. Out of 1.2 million cases 
of bacterial NM diagnosed every year, up to 170,000 are 
fatal, and survivors are left with permanent neurological 
sequelae (10). Understanding that evolving hematomas have 
to be considered in the differential with cerebral abscesses 

is particularly important in some specific groups of NM. 
Indeed, identifying the neuroradiological peculiarities 
of those two clinical entities can be particularly difficult 
especially in cases of brain infections associated with strokes 
such as in the case of GBS NM. Furthermore, a better 
knowledge of the pathological basis of these conditions is 
of paramount importance in rapidly achieving the correct 
diagnosis through a timely prescription of the most 
appropriate investigations and medical treatment, reserving 
only selected cases for neurosurgical consultations and 
stereotactic biopsy/drainage.
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