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Background. The diagnostic evaluation of ring-enhancing brain lesions (REBLs) is challenging, especially in immunocompromised
patients. We conducted a retrospective study to describe the clinicodemographic and radiological features among patients presenting
with REBLSs to a tertiary referral center.

Methods. Radiological reports of all patients who underwent brain computed tomography or magnetic resonance (MR) imaging
between 1 November 2013 and 31 October 2017 were filtered for terms indicative of REBLs. Infectious diseases physicians reviewed the
medical records to confirm the diagnosis.

Results.  Over the 4-year study period, there were 42 patients with infective REBLs and 249 with neoplastic REBLs. Pyogenic brain
abscesses (PBAs) (20 of 42 [47.6%]) were the most common cause of infective REBLs, followed by tuberculous brain abscesses (TBAs)
(9 of 42 [21.4%]) and Nocardia brain abscesses (NBAs) (6 of 42 [14.3%]). The patients were predominantly male, with a mean age of
55.2 years. Fewer than half were febrile at presentation. Cerebrospinal fluid investigations established the microbiological diagnosis in
fewer than half of those who underwent lumbar puncture or extraventricular drain insertion. Conversely, brain biopsy yielded the
microbiological diagnosis in almost all patients (16 of 17) who underwent the operation. Median white blood cell counts and C-
reactive protein were higher in those with PBAs or NBAs than in those with TBAs. All with PBAs and NBAs who underwent MR

imaging had diffusion-weighted imaging-hyperintense lesions, compared with only about half of those with TBAs.

Conclusions.
between PBAs, TBAs, and NBAs.
Keywords.

Our study has revealed important distinguishing features between infective REBLs and neoplastic REBLs and
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Ring-enhancing brain lesions (REBLSs), areas of low density or
signal surrounded by a bright rim from contrast enhancement
on neuroimaging [1], may be due to infective or noninfective
causes. In referral centers with many patients who are immuno-
compromised due to disease and/or treatment, REBLs pose a
significant diagnostic challenge as opportunistic infections
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add to the list of differential diagnoses. Prompt and accurate di-
agnosis is crucial as patients with central nervous system (CNS)
infections can rapidly deteriorate with substantial morbidity
and mortality [2, 3]. However, there are limitations with the
current diagnostic approaches: clinical presentations may be
atypical [4], neuroimaging features can overlap between etiol-
ogies [1, 5], and brain biopsy, the reference standard for diag-
nosis, may not be feasible due to unacceptable surgical risks [6].
We conducted a retrospective study to describe the clinicode-
mographic and radiological features of patients presenting to
a tertiary referral center with REBLs. We also compared the
clinicodemographic and radiological features of patients with
the 3 most common infective causes—pyogenic brain abscesses
(PBAs), tuberculous brain abscesses (TBAs), and Nocardia
brain abscesses (NBAs)—to identify distinguishing features.

METHODS

The SingHealth centralized institutional review board approved
this retrospective study, which was conducted at Singapore
General Hospital (SGH). SGH, the largest tertiary referral
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hospital in Singapore, sees a high volume of immunocompro-
mised patients through its hemato-oncology, solid organ and he-
matopoietic stem cell transplantation, rheumatology, and
infectious diseases services.

Radiological reports for all patients who underwent brain
computed tomography (CT) or magnetic resonance (MR)
imaging at SGH between 1 November 2013 and 31 October
2017 were filtered for search terms indicative of REBLs
(Supplementary Data 1). Two board-certified infectious diseas-
es physicians independently reviewed the electronic medical re-
cords of the identified patients to verify the final diagnoses and
confirm the presence of >1 REBL on neuroimages, in consulta-
tion with a board-certified neuroradiologist. Institutional re-
view board approval for waiver of patient consent was
obtained (CIRB 2020/2520).

Diagnoses were defined as “definite” if an infectious agent or
a neoplasm was detected in brain tissue or cerebrospinal fluid
(CSF) through cultures, histology, or antigen or molecular test-
ing and the clinical presentation was consistent with the diag-
nosis. Diagnoses were defined as “probable” if an infectious
agent or a neoplasm was detected in blood or extracranial tissue
through cultures, histology, and antigen or molecular testing
and the clinical presentation was consistent with the diagnosis.
Patients whose findings did not fulfill the above criteria for ei-
ther definite or probable diagnoses were excluded from the
study. Relevant clinicodemographic and radiological data
were collected for each patient through a comprehensive review
of electronic medical records.

Statistical Analysis

For categorical variables, Fisher exact or y* tests were per-
formed where appropriate. Continuous variables were com-
pared using 1-way analysis of variance or z tests where
appropriate. Post hoc comparisons were adjusted for multiple
testing using the Bonferroni correction. A significance level
of .05 was used for all statistical tests. Data management and
analysis were performed using Stata statistical software, version
18 (StataCorp).

RESULTS

Over the 4-year study period, 807 unique patients whose brain
CT/MR imaging reports contained the search terms were
screened. Of these, 291 patients had diagnoses that fulfilled cri-
teria for a definite (n = 105) or probable (n = 186) infective or a
neoplastic etiology. Of the 291 patients, 42 (14.4%) had REBLs
with an infective etiology and 249 (85.6%) had REBLs with a
neoplastic etiology. The infective REBLs were secondary to var-
ious microbiological agents, including bacterial, mycobacterial,
parasitic, and fungal causes. Specifically, pyogenic bacteria (20
of 42 [47.6%]) were the most common cause of infective REBLs,
followed by Mpycobacterium tuberculosis (9 of 42 [21.4%]),

Nocardia species (6 of 42 [14.3%]), Toxoplasma gondii (3 of 42
[7.1%]), Taenium solium (2 of 42 [4.8%]), Cryptococcus species
(1 of 42 [2.4%]), and Aspergillus fumigatus (1 of 42 [2.4%]). All ex-
cept 4 cases of polymicrobial PBAs were monomicrobial infec-
tions. Metastatic lung cancers (115 of 249 [46.2%]) were the
most common cause of neoplastic REBLs, followed by primary
brain tumors (43 of 249 [17.3%]), metastatic breast cancer (36
of 249 [14.5%]), metastatic gastrointestinal cancers (21 of 249
[8.4%]), and lymphoma (10 of 249 [4.0%]). Table 1 shows the dis-
tribution of the causes of both infective and neoplastic REBLs.

Infective REBLs
The mean age (SD) of patients with infective REBLs was 55.2
(14.8) years, and most patients were male (30 of 42 [71.4%])
and Singaporean (38 of 42 [90.5%]) (Table 2). Half (21 of 42)
were immunocompromised, and fewer than half (16 of 42
[38.1%]) were febrile at clinical presentation. The median total
white blood cell (WBC) count (interquartile range [IQR]) was
9.9 (7.1-13.8) X 103/pL and the median C-reactive protein
(CRP) level was 59.5 (9.4-133.0) mg/L.

Of the 38 patients with blood cultures, about one-third (14 of
38 [36.8%]) were found to be bacteremic. Pyogenic bacteria
were the most commonly isolated infectious agents in blood

Table 1. Specific Causes of Ring-Enhancing Brain Lesions

Cause No. of Cases
Infective 42
Pyogenic bacteria® 20
Mycobacterium tuberculosis 9
Nocardia species 6
Toxoplasma gondii 3
Taenia sodium 2
Cryptococcus sp 1
Aspergillus fumigatus 1
Neoplastic 249
Lung cancer 115
Primary brain tumors 43
Breast cancer 36
Gastrointestinal cancer 21
Lymphoma 10
Urological cancer 7
Gynecological cancer 4
Soft-tissue cancers 3
Skin cancer (melanoma) 2
Germ cell cancer 1
Oral cancer 1
Unknown primary 6
Total 291

2Specific microbiological agents identified in the cases of pyogenic brain abscesses included
Klebsiella pneumoniae (n=6), Staphylococcus aureus (n=4), Streptococcus anginosus
(n =2), Aggregatibacter actinomycetemcomitans (n=1), Serratia marsescens (n=1),
Bacteroides uniforms (n=1), Prevotella baroniae (n=1), and polymicrobial (n=4). The
following microbiological agents were identified in the 4 cases of polymicrobial pyogenic
brain abscesses: case 1, Streptococcus intermedius and Eikenella corrodens; case 2,
Fusobacterium sp and gram-positive bacilli and gram-positive cocci on Gram staining;
case 3, Weisella viridescens and Fusobacterium sp; and case 4, S anginosus and
Parvimonas micra.
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Table 2. Characteristics of Patients With Infective Versus Neoplastic Ring-Enhancing Brain Lesions

Patients, No. (%)?

Characteristic Infective REBLs (n=42) Neoplastic REBLs (n=249) P Value
Age, mean (SD), y 55.2 (14.8) 61.6 (12.4) <.001
Male sex 30 (71.4) 129 (51.8) .02
Singaporean nationality 38 (90.5) 228 (91.6) .76
Fever as a presenting complaint 16 (38.1) 10 (4.0) <.001
WBC count, median (IQR), x10%/uL 9.9 (7.1-13.8) 8.5 (6.5-10.8) .02
CRP, median (IQR), mg/L 59.5 (9.4-133.0) 12.0 (4.0-90.5) .048
Multiple REBLs 29 (69.0) 150 (60.2) .31
Hydrocephalus 12 (28.6) 12 (4.8) <.001

Abbreviations: CRP, C-reactive protein; IQR, interquartile range; REBLs, ring-enhancing brain lesions; WBC, white blood cell.

“Data represent no. (%) of patients unless otherwise specified.

cultures (11 of 14 [78.6%]), and Klebsiella pneumoniae (n =4)
and Staphylococcus aureus (n=3) accounted for more than
half of the cases. Two patients who were undergoing chemo-
therapy for leukemia were found to have Nocardia bacteremia,
while a patient with newly diagnosed advanced human immu-
nodeficiency virus (HIV) infection was found to have M tuber-
culosis bacteremia.

Thoracic CT was performed in 32 patients with infective
REBLs. Radiological findings, such as miliary nodules and cav-
itary pneumonia, provided clues to the diagnosis in almost
three-quarters of these patients (71.8% [23 of 32]).

CSF was sampled in 15 patients: 9 via lumbar puncture (LP)
and 6 via external ventricular drainage (EVD). CSF pleocytosis
(defined as cell count >5/pL?) was present in fewer than half of
patients (6 of 15 [40.0%]). Similarly, CSF investigations yielded
a microbiological diagnosis in fewer than half (6 of 15 [40.0%])
of the patients—3 with tuberculosis and 1 each with K pneumo-
niae infection, toxoplasmosis, and cryptococcosis. Of the 2 pa-
tients with cerebral toxoplasmosis who had CSF sampled,
toxoplasma DNA was detected with polymerase chain reaction
in brain tissue but not CSF in 1 patient.

About half (20 of 42 [47.6%]) of the patients with infective
REBLs underwent brain surgery for diagnostic and/or thera-
peutic purposes. Brain biopsy yielded the microbiological diag-
nosis in almost all (16 of 17) who underwent the procedure.
The single patient in whom cultures from brain biopsy were
negative had Streptococcus anginosus bacteremia and was on ef-
fective antibiotics before the operation. Six of 42 (14.3%) died
within 90 days after presentation.

Infective REBLs vs Neoplastic REBLs

Compared with those with neoplastic REBLs, patients with in-
fective REBLs were younger (55.2 vs 61.6 years old; P <.001)
and more likely to be male (71.4% vs 51.8%; P=.02)
(Table 2). Patients with infective REBLs were also more likely
to present with fever (38.1% vs 4.0%, P <.001). All patients
with infective REBLs were symptomatic, compared with about
one-fifth (17.3% [43 of 249]) of those with neoplastic REBLs,

the lesions being incidental findings on surveillance scans.
WBC counts and CRP levels at presentation were significantly
higher in patients with infective REBLs than in those with neo-
plastic REBLs (median WBC count [IQR], 9.9 [7.1-13.8] vs 8.5
[6.5-10.8] X10°/uL [P=.02]; CRP level, 59.5 [9.4-133.0] vs
12.0 [4.0-90.5] mg/L [P =.048]). More than half in each group
had multiple REBLs (69.0% vs 60.2%, P = .31). Patients with in-
fective REBLs were more likely than those with neoplastic
REBLs to have hydrocephalus (28.6% vs 4.8%, respectively;
P <.001).

PBAs, TBAs, and NBAs

PBAs, TBAs, and NBAs were the 3 most common causes of in-
fective REBLs among the patients in our study. Patients with
PBAs, TBAs, or NBAs were similar in age and predominantly
male (Table 3). Approximately 40% of those with PBAs and
TBAs were immunocompromised, compared with all who had
NBAs (P =.02). Diabetes mellitus was the leading cause of im-
munosuppression among patients with PBAs (6 of 20 [30%]),
while HIV infection was the leading cause among those with
TBAs (4 of 9 [44.4%]). Patients with NBAs were immunosup-
pressed for various reasons, including hematological cancers (in-
cluding 1 case in a hematopoietic stem cell transplant recipient),
renal transplantation, and high-dose corticosteroid treatment for
glomerulonephritis, but none of them had HIV infection.

About one-third of patients in each group had fever at pre-
sentation (P > .99). The median WBC count (IQR) was highest
in patients with PBAs, followed by those with NBAs and those
with TBAs, respectively (12.4 [9.1-20.0] vs 10.8 [9.7-15.0] vs
6.9 [6.4-7.2] x10°/uL; P=.001). The median CRP level (IQR)
was highest in patients with NBAs, followed by those with
PBAs and those with TBAs, respectively (86.6 [22.1-159.0] vs
76.1 [45.0-162.0] vs 8.6 [4.3-51.5] mg/L; P = .04).

Abnormal thoracic CT findings were observed in about
half (7 of 12 [58.3%]) of the patients with PBAs who underwent
thoracic CT, compared with all 8 patients with TBAs and all 6
with NBAs who underwent thoracic CT (P =.003). More than
half of the patients in each group had multiple REBLs.
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Table 3. Characteristics in Patients With Pyogenic, Tuberculous, or Nocardia Brain Abscesses

Patients, No. (%)?

Characteristic PBAs (n=20) TBAs (n=9) NBAs (n=6) PValue
Patient profile
Age, mean (SD), y 57.4 (15.6) 54.7 (16.0) 59.0 (56.90) .08
Male sex 3(65.0) 8(88.9) 5(83.3) 49
Singaporean nationality 0 (100) 7(77.8) 6 (100) .09
Immunosuppression (any cause) 7 (35.0) 4 (44.4) 6 (100) .02
Diabetes mellitus 6 (30.0) 0(0) 0(0) 1
HIV infection 0(0) 4 (44.4) 0(0) .003
End-stage renal failure 1 (5. ) 0(0) 2°(33.3) A7
Solid organ cancer 1 (5.0 0 (0) 2 (33.3) 11
Hematological cancer 0 (0) 0(0) 3 (50.0) .003
Solid organ transplant 0(0) 0(0) 2(33.3) .02
Hematopoietic stem cell transplant 0(0) 0(0) 1(16.7) A7
Clinical and laboratory features
Fever as a presenting complaint 7 (35.0) 3(33.3) 2 (33.3) >.99
Positive blood culture 1 (55.0) 1(11.1) 2 (33.3) .09
WBC count, median (IQR), x10%/uL 12.4 (9.1-20.0) 6.9 (6.4-7.2) 10.8 (9.7-15.0) .001
CRP, median (IQR), mg/L 76.1 (45.0-162.0) 8.6 (4.3-51.5) 86.6 (22.1-159.0) .04
CSF pleocytosis® 49 (57.1) 3°(75.0) 0(0) 74
CSF pleocytosis >200 cells/uL® 3(42.3) 0(0) 0 (0) 27
Abnormal thoracic CT findings 7" (68.3) 87 (100) 6 (100) .03
Neuroimaging features
Multiple REBLs 11 (55.0) 8(88.9) 4 (66.7) .26
Meningeal enhancement 9" (47.4) 4 (44.4) 0' (0) 47
Hydrocephalus 8 (40.0) 2(22.2) 0(0) A7
>1 Lesion >2 cm 3(65.0) 2(22.2) 3 (50.0) N
DWI hyperintensity 18’ (100) 5 (55.6) 6 (100) .003
Hypointense T2 borders in the form of a rim 12 (66.7) 1(11.1) 2 (33.3) .03
Hypointense T2 borders in the form of an arc 41(22.2) 4 (44.4) 1(16.7) .50
Interventions
LP or EVD insertion 7 (35.0) 4 (44.4) 1(16.7) 71
Stereotactic brain biopsy or drainage of abscess 11 (65.0) 2(22.2) 2 (33.3) 18
Any brain surgery (including EVD insertion) 12 (60.0) 3(33.3) 2 (33.3) .57
Microbiological diagnosis
Established from blood cultures 11 (55.0) 1(11.1) 2(33.3) .09
Established from respiratory specimens (eg, sputum, lung tissue, or bronchoalveolar fluid) 0(0) 4 (44.4) 4 (66.7) <.001
Established from CSF obtained through LP or EVD® 1(14.3) 3(75.0) 0(0) .06
Established from brain tissue or pus® 10 (90.9) 2 (100) 2 (100) >.99
Outcome
Death within 90 d 5 (25.0) 01(0) 1(16.7) 21

Abbreviations: CRP, C-reactive protein; CSF, cerebrospinal fluid; CT, computed tomography; DWI, diffusion-weighted imaging; EVD, external ventricular drainage; HIV, human
immunodeficiency virus; IQR, interquartile range; LP, lumbar puncture; NBAs, Nocardia brain abscesses; PBAs, pyogenic brain abscesses; REBLs, ring-enhancing brain lesions; TBAs,
tuberculous brain abscesses; WBC, white blood cell.

#Data represent no. (%) of patients unless otherwise specified.

Both patients with end-stage renal failure had undergone renal transplant.

°Denominators represent the number of patients who underwent the procedure.

9All are predominantly neutrophilic.

°All are predominantly lymphocytic.

Thoracic CT was performed in only 12 of 20 patients with PBAs.

9Thoracic CT was performed in only 8 of 9 patients with TBAs.

"Brain contrast-enhanced CT/magnetic resonance (MR) imaging was performed in only 19 of 20 patients with PBAs.
'Brain contrast-enhanced CT/MR imaging was performed in only 3 of 6 patients with NBAs.

’Brain MR imaging was performed in only 18 of 20 patients with PBAs.

Neuroimaging features of meningeal enhancement and hydro- and TBAs than in those with NBAs, but the differences were
cephalus were more commonly observed in patients with PBAs not statistically significant.
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All patients with PBAs (18 of 18 [100%]) or NBAs (6 of 6
[100%]) who underwent brain MR imaging had diffusion-
weighted imaging (DWI)-hyperintense lesions, compared
with only about half (5 of 9 [55.6%]) of those with TBAs
(P=.003). Hypointense borders on T2-weighted images were
present in the form of a rim (as opposed to no hypointense bor-
ders or hypointense borders in the form of an arc) in two-thirds
of patients with PBAs (12 of 18 [66.7%]), compared with fewer
than half of those with TBAs (1 of 9 [11.1%]) or NBAs (2 of 6
[33.3%]) (P =.03).

Identification of bacteremia in blood cultures yielded the
microbiological diagnosis in more than half of the patients
(11 of 20 [55.0%]) with PBAs but only in a minority of those
with TBAs (1 of 9 [11.1%]) or NBAs (2 of 6 [33.3%]).
Microbiological investigations performed in respiratory speci-
mens did not lead to the diagnosis in patients with PBAs but
established the diagnosis in 4 patients (44.4%) with TBAs and
4 (66.7%) with NBAs.

Beyond blood cultures and respiratory specimens, diagnostic
evaluation was individualized; not all patients underwent the
same invasive procedures. CSF was sampled via LP or EVD
in 7 of 20 patients with PBAs (35.0%), 4 of 9 with TBAs
(44.4%) and 1 of 6 with NBAs (16.7%). CSF pleocytosis was pre-
sent in more than half of those with PBAs (4 of 7 [57.1%]) or
TBAs (3 of 4 [75.0%]) but was absent in the single patient
with NBA who underwent LP (P=.74). CSF pleocytosis,
when present, was predominantly neutrophilic in all patients
with PBAs, while it was predominantly lymphocytic in all pa-
tients with TBAs. CSF pleocytosis of >200 cells/uL was ob-
served only in patients with PBAs (3 of 7 [42.3%]) and not
in those with TBAs. CSF investigations were less likely to
establish the microbiological diagnosis in patients with
PBAs (1 of 7 [14.3%]) than in those with TBAs (3 of 4
[75.0%]) (P =.06).

More than half (11 of 20 [55.0%]) of patients with PBAs un-
derwent stereotactic brain biopsy or drainage of the abscess. In
comparison, fewer than half of the those with TBAs (2 of 9
[22.2%]) or NBAs (2 of 6 [33.3%]) underwent brain biopsy or
drainage of the abscess (P =.18). Investigations performed on
brain tissue or pus yielded the microbiological diagnosis in
almost all patients with PBAs (10 of 11 [91.0%]), all with
TBAs (2 of 2 [100%]), and all with NBAs (2 of 2 [100%]).

Five patients (25.0%) with PBAs died within 90 days
after presentation. Of these, 3 had monomicrobial infections
(2 due to S aureus and 1 due to K pneumoniae) and 2 had
polymicrobial infections (1 due to Weisella viridescens and
Fusobacterium species and 1 due to S anginosus and
Parvimonas micra). Three of the deaths could be attributed to
the brain abscesses and/or the infective process; 2 patients
with S aureus infection died of intracranial hemorrhage, while
the patient with the W viridescens and Fusobacterium infection
died of new ischemic strokes 4 days after brain surgery. One

patient with NBA died within 90 days after presentation.
That death was secondary to a nosocomial infection on a back-
ground of chronic lymphocytic leukemia. All patients with
TBAs survived beyond 90 days. The 90-day mortality rates
did not differ significantly between the 3 groups.

DISCUSSION

A prompt diagnosis is key to good clinical outcomes in REBLs,
but securing the correct diagnosis can be challenging due to
nonspecific presentations, diverse causes, and limitations of
standard diagnostic modalities. While no single clinicodemo-
graphic or radiological feature is pathognomonic, our study,
the first to compare both clinicodemographic and radiological
features of infective REBLs, has provided some important diag-
nostic clues that could aid in the differentiation between infec-
tion and neoplasm and between PBAs, TBAs, and NBAs. Our
findings also demonstrate the role and yield of the different di-
agnostic modalities, especially LP and brain biopsy, as well as
their pitfalls.

Differentiating Between Infection and Neoplasm

Differentiating between infection and neoplasm is the first step
in the evaluation of REBLs, but making this distinction is not
straightforward. By comparing patients with infective versus
and neoplastic REBLs, we have made some noteworthy
observations.

The incidence of neoplastic REBLs was 6 times that of infec-
tive REBLs in our study. Metastases, which make up >80% of
neoplastic REBLs, far outnumber primary brain tumors. A
Mayo clinic study on REBLs demonstrated a similar epidemiol-
ogy [7]; in their cohort, neoplasms were almost 9 times more
common than bacterial abscesses. Accordingly, when the cause
is not evident, extracranial imaging such as thoracic, abdomi-
nal, and pelvic CT could be useful in identifying undiagnosed
primary tumors.

Although fever is classically associated with infection, about
two-thirds of patients with infective REBLs were afebrile, mak-
ing fever an unreliable marker. About one-third of all patients
with infective REBLs were bacteremic. Among those with
PBAs, about half were bacteremic. As blood cultures offer the
chance to clinch the microbiological diagnosis noninvasively
and with significant yield, they should be performed whenever
infective REBLs are clinically suspected, even when fever is
absent.

WBC counts and CRP levels were significantly higher in pa-
tients with infective REBLs, but one cannot reliably depend on
the level of these inflammatory markers to distinguish between
infection and neoplasm due to the wide IQRs with significant
overlap. The wide range in values may be due to the inclusion
of various causes under the infective and neoplastic catego-
ries, each eliciting a different degree of host inflammatory
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response. In addition, confounders such as underlying disease
states, comorbid conditions, and concurrent pharmacotherapy
(eg, chemotherapy, corticosteroids, and antibiotics) can affect
the levels of these inflammatory markers.

Role of Brain Biopsy

Brain biopsy is the reference standard for REBL diagnosis.
However, the risks of brain biopsy may be high due to lesion
location or patient factors. Not uncommonly, clinicians en-
counter the dilemma of having to decide between attempting
LP, hoping that the infectious agent could be identified within
the CSF, versus proceeding with the comparatively higher-risk
brain biopsy. Attempting LP and waiting for the outcome of CSF
investigations risk delaying the diagnosis and clinical deteriora-
tion in the interim. In our study, a microbiological diagnosis was
established in fewer than half of patients who had CSF sampled,
either from LP or EVD, although the sensitivity of CSF studies
differs between the infective causes. This low sensitivity of CSF
microbiological testing for brain abscesses mirrors findings in
other studies [4, 8]. In brain abscesses, the infection may be lim-
ited to the brain parenchyma. Predictably, CSF testing is insen-
sitive in identifying the causative infectious agent. Furthermore,
LP carries the risk of brain herniation, especially when there is
high intracranial pressure [9].

The 6 patients in whom CSF successfully identified an infec-
tious agent included 3 with tuberculosis and 1 each with K
pneumoniae infection, toxoplasmosis, and cryptococcosis.
Apart from K pneumoniae infection, these infections tend to
occur in the immunocompromised and may manifest concur-
rently as meningitis and brain abscesses. Despite its limitations,
LP may play a role in the immunocompromised population. In
contrast to LP, brain biopsy was highly efficacious and yielded
the microbiological diagnosis in all but 1 patient who under-
went stereotactic brain biopsy or drainage of abscess. Hence,
it should be performed expeditiously, especially when less inva-
sive methods prove inconclusive and/or response to empirical
treatment is poor. Apart from obtaining clinical specimens
for microbiological testing, drainage of the abscess helps with
source control by decreasing the intracavitary bacterial load
[10], especially when abscesses are large and culture-directed
antimicrobials are limited by poor CNS penetration.

Differentiating Between PBAs, TBAs, and NBAs
The most challenging cases are those without a diagnosis and in
which brain biopsy cannot be safely performed. Diagnostic
clues can heighten clinical suspicion for a specific etiology
and prompt empirical treatment. By comparing the 3 most
prevalent infective subgroups at our center, PBAs, TBAs, and
NBAs, we have identified some diagnostic clues that may aid
in the differentiation between these categories.

Determining the net state of immunosuppression in the pa-
tient is important in narrowing down the list of differential

diagnoses. Notably, NBAs were seen exclusively in patients
who were profoundly immunosuppressed. While nocardiosis
has been reported among people with HIV [11], none of the pa-
tients with NBAs in our cohort had HIV, suggesting that the
nocardiosis remains uncommon as an opportunistic infection
in this population. Conversely, fewer than half of those with
PBAs and TBAs were immunosuppressed. While similar pro-
portions of the patients with PBAs and TBAs were immuno-
suppressed, the underlying causes of immunosuppression
were different—diabetes mellitus was associated with PBAs,
while HIV infection was associated with TBAs. These risk
factor-disease associations were similarly demonstrated in oth-
er studies [12, 13].

Notably, K pneumoniae was the most common cause of PBA
in our cohort, in contrast to European studies in which
Streptococcus species were the predominant causes [8, 14].
The hypervirulent serotypes K1/K2 K pneumoniae, prevalent
throughout Asia and associated with the invasive liver abscess
syndrome, was likely responsible [15, 16]. Not surprisingly,
diabetes mellitus was a risk factor in K prneumoniae infection
[17, 18]. Tuberculosis was the predominant cause of REBLs
among people with HIV in our study, outnumbering classic
causes such as toxoplasmosis and CNS lymphoma [19]. In
Singapore, tuberculosis remains endemic, and the incidence
of tuberculosis remains at >1000 cases a year [20]. This high-
lights the importance of correlating local epidemiology with
the differential diagnoses.

WBC counts and CRP levels were not useful for differentiat-
ing between PBAs, TBAs, and NBAs. While patients with PBAs
and NBAs tended to have higher inflammatory markers than
those with TBAs, wide IQRs, due to confounders such as un-
derlying disease states and concurrent pharmacotherapy, ren-
der these markers nonspecific and unreliable for etiological
differentiation.

Thoracic CT is a high-yield investigation, especially in the
immunocompromised. The likelihood of an abnormal scan
was high among our patients with TBAs and NBAs, diseases
that may present with a lung-brain syndrome. An abnormal
thoracic CT scan could provide diagnostic clues when certain
radiological features are present (eg, miliary nodules) and offer
a more accessible site for tissue sampling. Investigations per-
formed on respiratory specimens yielded the microbiological
diagnosis in about half of patients with TBAs and two-thirds
of those with NBAs, obviating the need for a brain biopsy
and underscoring the value of pursuing bronchoscopy or trans-
thoracic needle biopsy for suspicious pulmonary lesions in
these patients.

The MR neuroimaging features of PBAs may differ from
those of TBAs and NBAs. Schwartz et al [7] reported that the
MR features, DWI hyperintensity, and T2 hypointense borders
in the form of a rim favored PBAs over neoplasms. Lesional
DWTI hyperintensity or a reduced apparent diffusion coefficient
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[1, 7] were observed in all patients with PBAs and NBAs but
just about half of those with TBAs. T2 hypointense borders
in the form of a rim [7] were seen in two-thirds of the patients
with PBAs but fewer than half of those with TBAs or NBAs.
Our findings caution against the extrapolation of these MR fea-
tures to all infective causes of REBLs, particularly in immuno-
compromised hosts who are susceptible to opportunistic CNS
infections.

Strengths and Limitations

The main strength of the study was the high-quality clinical
data that were obtained through close multidisciplinary collab-
oration between infectious diseases and neuroradiology per-
sonnel, who meticulously reviewed the electronic medical
records and neuroimaging to ensure that only patients whose
diagnoses were certain were included in our study. While there
have been published studies comparing the MR appearances
for different causes of abscesses [21, 22], ours is the first study
comparing both clinicodemographic and radiological features
of various infective causes of REBLs. Another strength is our
study population, of which a significant proportion were im-
munocompromised and thus susceptible to opportunistic in-
fections. Consequently, we were able to analyze uncommon
causes of infective REBLs, such as TBAs and NBAs.

Our study did have some limitations. The relatively small
sample size of patients with infective REBLs may prevent us
from detecting differences between the various causes of
REBLs. Our cohort included very few cases of cryptococcosis,
toxoplasmosis, aspergillosis, and neurocysticercosis. The clini-
cal presentations of these conditions tend to differ from those
of PBAs, TBAs, and NBAs, but because of the small number
of cases, we were unable to include these infective etiologies
in the analysis (Supplementary Table 1). Due to the retrospec-
tive nature of our study, the findings are subject to confound-
ing, such as variation in clinical practice between different
physicians. Missing data (eg, absent laboratory values) may
lead to bias in data interpretation. To mitigate these limitations,
further recruitment to achieve a larger sample and a prospec-
tive arm would be helpful. As ours was a single-center study
with a study population that is predominantly Singaporean,
its findings may not be generalizable to overseas centers.

Conclusions

Our study has highlighted the challenges that clinicians pres-
ently face in the evaluation of REBLs. An awareness of the dis-
tinguishing clinicodemographic and radiological features
between the various etiologies and their pitfalls could improve
diagnostic strategies, facilitate timely diagnosis, and potentially
lead to improved patient outcomes. For now, an individualized
approach integrating sound clinical judgment with various di-
agnostic modalities remains the best course of action. As long
as brain biopsy remains prohibitive for some patients, there

is a need for improved, noninvasive diagnostic tools. MR imag-
ing-based radiomics and deep-learning models have shown
potential in predicting the grade and molecular classification
of brain tumors [23, 24] and differentiating brain abscess
from brain metastases [25] and necrotic glioblastomas [26].
A model incorporating both clinicodemographic features and
multisequence MR imaging data may offer a solution.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.

Notes

Financial support. This work was supported by SingHealth Duke-NUS
Academic Medical Centre (grant AM/AIR009/2022).
Potential conflicts of interest. All authors: No reported conflicts.

References

1. Rath TJ, Hughes M, Arabi M, Shah GV. Imaging of cerebritis, encephalitis, and
brain abscess. Neuroimaging Clin N Am 2012; 22:585-607.

2. Erdem H, Inan A, Guven E, et al. The burden and epidemiology of
community-acquired central nervous system infections: a multinational study.
Eur J Clin Microbiol Infect Dis 2017; 36:1595-611.

3. Bodilsen J, Dalager-Pedersen M, van de Beek D, Brouwer MC, Nielsen H.
Incidence and mortality of brain abscess in Denmark: a nationwide population-
based study. Clin Microbiol Infect 2020; 26:95-100.

4. Huang J, Wu H, Huang H, Wu W, Wu B, Wang L. Clinical characteristics and
outcome of primary brain abscess: a retrospective analysis. BMC Infect Dis
2021; 21:1245.

5. Leuthardt EC, Wippold FJ 2nd, Oswood MC, Rich KM. Diffusion-weighted MR
imaging in the preoperative assessment of brain abscesses. Surg Neurol 2002; 58:
395-402.

6. Riche M, Marijon P, Amelot A, et al. Severity, timeline, and management of com-
plications after stereotactic brain biopsy. ] Neurosurg 2022; 136:867-76.

7. Schwartz KM, Erickson BJ, Lucchinetti C. Pattern of T2 hypointensity associated
with ring-enhancing brain lesions can help to differentiate pathology.
Neuroradiology 2006; 48:143-9.

8. Brouwer MC, Coutinho JM, van de Beek D. Clinical characteristics and outcome
of brain abscess. Syst Rev Meta-analysis 2014; 82:806-13.

9. Joffe AR. Lumbar puncture and brain herniation in acute bacterial meningitis: a
review. ] Intensive Care Med 2007; 22:194-207.

10. Bodilsen J, D’Alessandris QG, Humphreys H, et al. European Society of Clinical
Microbiology and Infectious Diseases guidelines on diagnosis and treatment of
brain abscess in children and adults. Clin Microbiol Infect 2024; 30:66-89.

11. Thipmontree W, Suputtamongkol Y. 2601. A 14-year retrospective study of pul-
monary nocardiosis in AIDS patients, northeastern Thailand. Open Forum Infect
Dis 2023; 10(suppl 2):0fad500.2216.

12. Bourgi K, Fiske C, Sterling TR. Tuberculosis meningitis. Curr Infect Dis Rep
2017; 19:39.

13. Bodilsen J, Dalager-Pedersen M, van de Beek D, Brouwer MC, Nielsen H. Risk
factors for brain abscess: a nationwide, population-based, nested case-control
study. Clin Infect Dis 2020; 71:1040-6.

14. Helweg-Larsen J, Astradsson A, Richhall H, Erdal J, Laursen A, Brennum J.
Pyogenic brain abscess, a 15 year survey. BMC Infect Dis 2012; 12:332.

15. Fang CT, Lai SY, Yi WC, Hsueh PR, Liu KL, Chang SC. Klebsiella pneumoniae
genotype K1: an emerging pathogen that causes septic ocular or central nervous
system complications from pyogenic liver abscess. Clin Infect Dis 2007; 45:
284-93.

16. Siu LK, Fung CP, Chang FY, et al. Molecular typing and virulence analysis of se-
rotype K1 Klebsiella pneumoniae strains isolated from liver abscess patients and
stool samples from noninfectious subjects in Hong Kong, Singapore, and
Taiwan. ] Clin Microbiol 2011; 49:3761-5.

17. Fung CP, Chang FY, Lee SC, et al. A global emerging disease of Klebsiella pneumo-
niae liver abscess: is serotype K1 an important factor for complicated endophthal-
mitis? Gut 2002; 50:420-4.

Infective Ring-Enhancing Brain Lesions « OFID « 7


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaf095#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaf095#supplementary-data

20.

21.

22.

. Chung DR, Lee SS, Lee HR, et al. Emerging invasive liver abscess caused by K1

serotype Klebsiella pneumoniae in Korea. ] Infect 2007; 54:578-83.

. Garg RK, Paliwal V, Pandey S, Uniyal R, Agrawal KK. The etiological spectrum of

multiple ring-enhancing lesions of the brain: a systematic review of published cas-
es and case series. Neurol Sci 2024; 45:515-23.

Update on tuberculosis situation in Singapore. Singapore: Ministry of Health,
2023.

Gupta RK, Vatsal DK, Husain N, et al. Differentiation of tuberculous from pyo-
genic brain abscesses with in vivo proton MR spectroscopy and magnetization
transfer MR imaging. AJNR Am J Neuroradiol 2001; 22:1503-9.

Luthra G, Parihar A, Nath K, et al. Comparative evaluation of fungal, tubercular,
and pyogenic brain abscesses with conventional and diffusion MR imaging and
proton MR spectroscopy. AJNR Am ] Neuroradiol 2007; 28:1332-8.

23.

24.

25.

26.

Gao M, Huang S, Pan X, Liao X, Yang R, Liu J. Machine learning-based radiomics
predicting tumor grades and expression of multiple pathologic biomarkers in gli-

omas. Front Oncol 2020; 10:1676.
Gutta S, Acharya J, Shiroishi MS, Hwang D, Nayak KS. Improved glioma grading

using deep convolutional neural networks. AJNR Am ] Neuroradiol 2021; 42:233-9.
Cui L, Qin Z, Sun S, Feng W, Hou M, Yu D. Diffusion-weighted imaging-based

radiomics model using automatic machine learning to differentiate cerebral cystic

metastases from brain abscesses. ] Cancer Res Clin Oncol 2024; 150:132.
Xiao D, Wang J, Wang X, et al. Distinguishing brain abscess from necrotic

glioblastoma using MRI-based intranodular radiomic features and peritumoral

edema/tumor volume ratio. J Integr Neurosci 2021; 20:623-34.

8 « OFID « Sngetal



	Clinicodemographic and Radiological Features of Infective Ring-Enhancing Brain Lesions: A 4-Year Retrospective Study at a Tertiary Referral Center
	METHODS
	Statistical Analysis

	RESULTS
	Infective REBLs
	Infective REBLs vs Neoplastic REBLs
	PBAs, TBAs, and NBAs

	DISCUSSION
	Differentiating Between Infection and Neoplasm
	Role of Brain Biopsy
	Differentiating Between PBAs, TBAs, and NBAs
	Strengths and Limitations
	Conclusions

	Supplementary Data
	Notes
	References




