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a b s t r a c t 

Objectives: This study of 331 primary brain abscess (PBA) patients aimed to understand infecting agents, 

predisposing factors, and outcomes, with a focus on factors affecting mortality. 

Methods: Data were collected from 39 centers across 16 countries between January 2010 and December 

2022, and clinical, radiological, and microbiological findings, along with their impact on mortality, were 

analyzed. 

Results: The patients had a mean ± SD age of 46.8 ± 16.3 years, with a male predominance of 71.6%. 

Common symptoms included headache (77.9%), fever (54.4%), and focal neurological deficits (53.5%). 

Gram-positive cocci were the predominant pathogens, with Viridans group streptococci identified as the 

most frequently isolated organisms. All patients received antimicrobial therapy and 71.6% underwent in- 

terventional therapies. The 42-day and 180-day survival rates were 91.9% and 86.1%, respectively. Signif- 

icant predictors of 42-day mortality included intravenous drug addiction (HR: 6.02, 95% CI: 1.38-26.26), 

malignancy (HR: 3.61, 95% CI: 1.23-10.58), confusion (HR: 2.65, 95% CI: 1.19-5.88), and unidentified bac- 

teria (HR: 4.68, 95% CI: 1.76-12.43). Significant predictors of 180-day mortality included malignancy (HR: 

2.70, 95% CI: 1.07-6.81), confusion (HR: 2.14, 95% CI: 1.11-4.15), temporal lobe involvement (HR: 2.10, 95% 

CI: 1.08-4.08), and unidentified bacteria (HR: 3.02, 95% CI: 1.49-6.15). 

Conclusion: The risk of death in PBA extends beyond the infection phase, with different factors influ- 

encing the 42-day and 180-day mortality rates. Intravenous drug addiction was associated with early 

mortality, while temporal lobe involvement was associated with late mortality. 

© 2024 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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A brain abscess is a focal intracerebral infection that starts as 

 localized area of cerebritis and progresses to a collection of pus 

urrounded by a well-vascularized capsule [ 1 ]. Brain abscesses are 

stimated to occur at a rate of 0.2 to 1.9 per 10 0,0 0 0 person-

ears [ 2 ]. Although rare, brain abscesses remain a significant con- 

ern in healthcare due to their potentially poor outcomes. They 

lso hold lasting importance in medical research, given the on- 

oing challenges in diagnosis and treatment, compounded by the 

imited availability of reliable evidence and the scarcity of prospec- 

ive studies. 

A primary brain abscess (PBA) is defined as an abscess that de- 

elops spontaneously, without prior surgery or trauma, resulting 

rom direct extension or hematogenous spread [ 3 ]. PBA can result 

rom the local spread of infection from contagious sites such as 

inusitis, otitis, and mastoiditis, or via hematogenous spread from 

rimary bacteremia, infective endocarditis (IE), or other sources of 

nfection [ 4 ]. 

Historically, mortality rates associated with brain abscesses 

ere quite high [ 5 ]. However, they have significantly decreased 

ue to advancements in diagnostic tools, such as computed to- 

ography (CT) scans, and improvements in neurosurgical tech- 

iques [ 6 , 7 ]. In this international multicenter study, we aimed 

o explore the infecting agents, predisposing factors, and out- 

omes of PBA, with a particular focus on the factors affecting 

ortality. 
2

ethods 

etting 

We conducted a retrospective cross-sectional study to analyze 

BA. Patients diagnosed with PBA between January 2010 and De- 

ember 2022 were included in this study. A study protocol out- 

ining the case definition, inclusion criteria, and exclusion criteria 

as prepared and distributed to the participating centers. The cen- 

ers then submitted data on patients who met the defined case 

riteria through a dedicated Microsoft Forms webpage link. Data 

ere collected retrospectively using the Infectious Diseases Inter- 

ational Research Initiative (ID-IRI) ( https://infectdisiri.com/ ), an 

nternational clinical research platform and global network with 

embers from various regions who voluntarily participate in ID- 

RI research projects. Data on PBA cases were collected from 39 

enters across 30 cities and 16 countries: Afghanistan, Albania, Bul- 

aria, the Czech Republic, Egypt, Iran, Italy, Pakistan, Poland, Rus- 

ia, Saudi Arabia, Slovakia, Slovenia, Syria, Tunisia, and Turkey. 

rain abscess case definition 

The diagnosis of PBA was made based on the following two cri- 

eria in the presence of clinical signs suggestive of a brain abscess, 

uch as headache, fever, and focal neurological deficits. 

1. Evidence of abscess formation on brain magnetic resonance 

imaging (MRI) or computed tomography (CT). 

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://infectdisiri.com/
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2. Confirmation of infection through one of the following meth- 

ods: 

a) Microbiological, molecular diagnostic, or pathological exam- 

ination of biopsy or drainage samples obtained from the af- 

fected area as seen on MRI or CT. 

b) Clinical and imaging improvement following antibiotic treat- 

ment. 

c) Identification of the causative pathogen via cerebrospinal 

fluid culture and/or molecular diagnostic methods or blood 

culture. 

nclusion criteria 

1. Cases that meet the definition of a PBA as described above. 

2. Patients with brain abscesses aged ≥ 18 years were included in 

the study. 

xclusion criteria 

1. Secondary brain abscesses (resulting from brain injury or brain 

surgery) and subdural or epidural empyema. 

2. Patients with a foreign body, such as a cranioplasty, ventricu- 

loperitoneal shunt implant, or deep brain stimulator. 

3. An abscess occurred because of complicated intracranial hem- 

orrhage. 

4. HIV ( + ) patients with intracranial lesions. 

5. Patients with intracranial tuberculosis, parasitic infections, and 

fungal infections. 

6. Patients with PBA of undetermined etiology who received em- 

pirical antibiotic therapy, as well as treatment for fungi, para- 

sites, or tuberculosis, were also excluded. 

ariables in the study and outcome 

Patient data on demographics, comorbidities (chronic ob- 

tructive pulmonary disease, intravenous (IV) drug addiction, 

iabetes mellitus, hypertension, malignancy, liver cirrhosis, solid 

rgan transplantation, autoimmune diseases, chronic renal failure, 

yanotic heart disease), a potential source of infection (paranasal 

inusitis, chronic otitis media or mastoiditis, dental infection, 

ye infection, IE, hematogenous infection with another focus, 

nknown source), clinical features (complaints, symptoms, and 

hysical examination findings), imaging findings (location and size 

f abscesses, single or multiple abscesses, unilateral or bilateral 

bscesses), conventional microbiological findings (identifying the 

esponsible bacteria using clinical specimens such as abscess, 

erebrospinal fluid, and blood culture), molecular diagnostic test 

esults (identifying the responsible bacteria using clinical speci- 

ens such as abscess, cerebrospinal fluid), laboratory test results, 

herapy methods (antimicrobial therapy, surgery or drainage, 

teroid use), revised antibiotic therapy were recorded. Patients 

ith hematological malignancies, solid organ tumors, and autoim- 

une diseases who received immunosuppressive therapy or who 

nderwent solid organ transplantation were classified as immuno- 

ompromised. Chronic renal failure was defined as a glomerular 

ltration rate of < 60 mL/min. The Glasgow Coma Scale (GCS) [ 8 ]

as used to assess the severity of the patient’s clinical findings at 

he first visit. 

Coagulase-negative staphylococci were regarded as causative 

gents only when isolated from brain abscess specimens. 

Molecular diagnostic methods including polymerase chain reac- 

ion (PCR)-based techniques, such as multiplex PCR and 16S rDNA 

CR were used to detect and identify specific bacterial DNA or 

NA. 

The clinical outcomes of patients with PBA were assessed based 

n mortality at 42 days and 180 days after the diagnosis of a brain
3

bscess. We aimed to evaluate mortality attributed to the early in- 

ectious phase, stemming from acute infection, and mortality re- 

ated to the postinfectious phases, characterized by sequelae or 

eizures. Following this, we conducted separate analyses to iden- 

ify the factors influencing mortality at both the 42-day and 180- 

ay marks. 

tatistical analyses 

Categorical variables are presented as numbers and percentages 

%). Non-normally distributed variables are expressed as medians 

ith interquartile ranges (IQR). The time at which a brain abscess 

as diagnosed was selected as the starting point for follow-up. The 

ollow-up was correctly censored on 42nd day and 180th day. Us- 

ng both observed survival times, we conducted univariate Cox re- 

ression analysis for 42- and 180-day mortality. Statistically signif- 

cant variables in univariate analysis were included in multivari- 

te Cox regression analysis. We present risk measures with haz- 

rd ratios (HRs) and 95% confidence intervals (95% CI). Laboratory 

ariables were excluded from the multivariate analysis because 

f missing data. Additionally, confusion was included in the Cox 

odel instead of the GCS score. Kaplan–Meier survival curves were 

enerated using the significant variables identified in the univari- 

te analysis. We tested the differences between the survival curves 

sing the log-rank test. Restricted mean survival times were esti- 

ated with standard errors (SE). Double-sided P -values less than 

.05 were considered significant. Statistical analysis and visualiza- 

ion were performed using R version 4.3.1 (A Language and En- 

ironment for Statistical Computing. R Foundation for Statistical 

omputing, Vienna, Austria. https://www.R-project.org/ ). 

esults 

linical characteristics, comorbidities, and predisposing factors of the 

atients 

This multicenter study included 331 patients diagnosed with 

BA. The mean age was 46.8 ± 16.3 years. Among the participants, 

1.6% ( n = 237) were male. Patient characteristics are shown in 

able 1 . Headache was the most common symptom (77.9%), fol- 

owed by fever (54.4%). Focal neurological deficits were detected in 

3.5% of the patients. The classical triad of brain abscesses, con- 

isting of headaches, fever, and focal neurological deficits, was ob- 

erved in 74 patients (22.4%). Additionally, the majority of patients, 

16 (95.5%) presented with at least one of the following symptoms: 

eadache, fever, or focal neurological deficits. 

More than half (52.3%) of the patients had at least one comor- 

idity. The rates and number of comorbidities and predisposing 

actors were as follows: diabetes mellitus 15.1% ( n = 50), hyper- 

ension 8.8% ( n = 29), chronic obstructive pulmonary diseases 5.7% 

 n = 19), malignancy 5.4% ( n = 18), autoimmune diseases 2.4% 

 n = 8), IV drug use 2.1% ( n = 7), chronic renal failure 2.1% ( n = 7),

yanotic heart disease 8.1% ( n = 6), cirrhosis 1.8% ( n = 6), solid or-

an transplantation 5.1% ( n = 5). Additionally, 9.4% ( n = 31) of the

atients were immunosuppressed, including those with malignan- 

ies, autoimmune diseases, and solid organ transplantation. Seven 

atients had a history of IV drug addiction and only one had IE. 

he source of the brain abscesses was unknown in approximately 

alf ( n = 163, 49.2%) of the patients. Among patients with a known 

ource of infection ( n = 168), direct spread from contagious tis- 

ue was found in 54.8% ( n = 92) of patients [chronic otitis media 

nd/or mastoiditis ( n = 51, 30%), paranasal sinusitis ([ n = 42, 25%], 

nd eye infection [ n = 3, 1.8%]). Hematogenous dissemination was 

ound in 45.2% ( n = 78) of the patients (dental infection [ n = 36,

1.4%], hematogenous infection with another focus, such as pneu- 

https://www.R-project.org/
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Table 1 

General features and microbiological data of patients with primary brain abscesses. 

n (%) n (%) 

Male 237 (71.6) Midline shift 86 (26.0) 

Age, mean ± SD 46.8 ± 16.3 Ruptured abscess 30 (9.06) 

Comorbidity ° 173 (52.3) Concomitant meningitis, n = 239 70 (28.6) 

Headache 258 (77.9) Causative bacteria ∗∗ 162 (48.9) 

Fever 180 (54.4) Viridian group streptococci 61 (37.7) 

Focal neurologic deficit 177 (53.5) S. aureus 23 (14.2) 

Confusion 141 (42.6) S. pneumoniae 14 (8.64) 

Nausea/vomiting 125 (37.8) Enterobacteriaceae 14 (8.64) 

Seizure 74 (22.4) Nocardia 9 (5.56) 

GCS, median (25-75%) 15.0 (13.0-15.0) Coagulase-negative staphylococcus 7 (4.32) 

Known source of infection ∗ 168 (50.8) Pseudomonas spp. 6 (3.70) 

Direct spread 92 (54.8) Enterococcus spp. 3 (1.85) 

Dental infection 36 (21.4) L. monocytogenes 2 (1.23) 

Hematogenous infection with another focus 28 (16.7) Oral anaerobic bacteria ° 41 (25.3) 

Bacterial endocarditis 14 (8.3) White blood cell (mL), n = 278 12300 (9000-16600) 

Frontal lobe 128 (38.7) Neutrophil (mL), n = 253 9390 (6700-13892) 

Parietal lobe 118 (35.6) Platelet (mL), n = 276 265000 (200000-342500) 

Temporal lobe 101 (30.5) CRP (mg/L), n = 253 30.6 (8.51-78.8) 

Occipital lobe 73 (22.1) Procalcitonin (ng/mL), n = 100 0.16 (0.05-1.44) 

Basal ganglia 21 (6.34) Creatinine (mg/dL), n = 274 0.80 (0.66-1.00) 

Cerebellum 20 (6.04) Steroid therapy, n = 312 94 (28.4) 

Brainstem 19 (5.74) Surgery/drainage 237 (71.6) 

The longest diameter (mm), median (25-75%), n = 299 28 (19-40) Only antimicrobial therapy 167 (51.7) 

Multiple abscesses 93 (28.1) Mortality 38 (11.9) 

° The rate and number are given in the text. 
∗ The denominator of the primary sources of brain abscesses was 168. 
∗∗ The denominator of the microorganism microbiologically isolated is 162. 

m  

i

R

A

h

i  

a

t

M

o

r

r  

1

n

e

o

p

o

i

t

t

F

(  

(  

H

(

1

p

T

(

(

w

o

c

o

1

o

O

a

o

w  

a

P

t

c

i

d

1

t

a

3

m

t

(

g

1

m

t

(

1

C

4

w

onia [ n = 28, 16.7%], and IE [ n = 14, 8.3%]). Fever was observed

n 49% ( n = 80) of PBA cases with unknown sources. 

adiological findings 

Multiple abscesses were found in 28.1% ( n = 93) of patients. 

mong the patients with multiple brain abscesses, 33.3% ( n = 31) 

ad hematogenous dissemination, while an unknown source was 

dentified in 45.2% ( n = 42). The frontal lobe is the most affected

rea, followed by the parietal lobe. The median (IQR) diameter of 

he longest abscess was 28 (21) mm. 

icrobiological findings 

Positive cultures were obtained from 55.5% (152 out of 274) 

f the patients, while molecular diagnostic tests yielded positive 

esults in 71.9% (46 out of 64). Ultimately, the causative bacte- 

ia were identified in 48.9% ( n = 162) of patients ( Table 1 ). In

8 culture-negative patients, the diagnosis was made using diag- 

ostic molecular techniques. In contrast, cultures were positive in 

ight patients who were negative for molecular diagnostic meth- 

ds. Multiple bacteria were identified in 19.7% of the cases. Gram- 

ositive cocci were the predominant bacteria, identified in 65.4% 

f the cases. Viridans group streptococci was the most frequently 

solated agents, accounting for 37.7% of cases. Oral anaerobic bac- 

eria were found in 25.3% of the patients. The percentage and 

he numbers of oral anaerobic bacteria isolated were as follows: 

usobacterium spp. 9.87% ( n = 16), Peptostreptococcus spp. 4.93% 

 n = 8), Parvimonas micra 4.93% ( n = 8), Actinomyces spp. 4.32%

 n = 7), Bacteroides spp. 3.70% ( n = 6), Prevotella spp. 3.70% ( n = 6),

aemophilus aphrophilus 2.46% ( n = 4), Eikenella corrodens 1.85% 

 n = 3), Veilonella spp. 1.23% ( n = 2), Aggregatibacterium aphrophilus 

.23% ( n = 2), and Oligella urethralis 0.61% ( n = 1). 

Hematogenous dissemination was observed in two of our seven 

atients with coagulase-negative staphylococci. 

reatment 

All patients received antimicrobial therapy. Most patients 

 n = 237, 71.6%) received interventional therapies such as surgery 
4

 n = 159, 48%) or endoscopic drainage ( n = 78, 23.6%), together 

ith antibiotic therapy. Antibiotic therapy was modified in 45.6% 

f the patients (151 out of 331) for a variety of reasons. Specifi- 

ally, unresponsiveness to treatment was observed in 25.8% (39 out 

f 151) of patients, the identification of bacteria in 27.8% (42 out of 

51), adverse reactions in 16.5% (25 out of 151), and a switch to 

ral therapy in 4% (26 out of 151). 

utcomes 

During the six-month follow-up period, 26 patients passed 

way within the first six weeks, while 39 patients died by the end 

f the six-month period. The 42- and 180-day survival probabilities 

ere 91.9% ( n = 305) and 86.1% ( n = 292), respectively (Figure S1).

Table 2 presents the findings from the univariate Cox regression 

nalysis for mortality at 42 days and 180 days following diagnosis. 

atients with IV drug addiction had a higher risk of 42-day mor- 

ality (HR: 4.96, 95% CI: 1.17-21.0). The presence of at least one 

omorbidity, malignancy, confusion, low GCS score, and failure to 

dentify bacteria were significant predictors of both 42- and 180- 

ay mortality. Moreover, hematogenous infection (HR: 2.92, 95% CI: 

.34-6.35), parietal lobe involvement (HR: 2.25, 95% CI: 1.20-4.22), 

emporal lobe involvement (HR: 1.96, 95% CI: 1.05-3.68), multiple 

bscesses (HR: 2.12, 95% CI: 1.13-3.99), and ruptured abscesses (HR: 

.56, 95% CI: 1.73-7.30) increased the risk of 180-day mortality. 

Figure 1 and Table 3 present Kaplan–Meier survival curves and 

ean ± SE survival times derived from time-to-event analysis. Pa- 

ients with IV drug addiction had a lower mean ± SE survival time 

31.0 ± 6.53 days, P = 0.03) compared to the no-drug addiction 

roup (39.9 ± 0.45 days) when considering 42-day mortality. For 

80-day mortality, patients with malignancy exhibited a shorter 

ean ± SE survival time (123 ± 18.30 vs. 164 ± 2.77, P = 0.002). 

In the multivariate analysis of the 42-day mortality, all variables 

hat were significant in the univariate analysis remained significant 

 Figure 2 ). For 180-day mortality, malignancy (HR: 2.70, 95% CI: 

.07-6.81), the presence of confusion at the first visit (HR: 2.14, 95% 

I: 1.11-4.15), temporal lobe involvement (HR: 2.10, 95% CI: 1.08- 

.08), and failure to identify bacteria (HR: 3.02, 95% CI: 1.49-6.15) 

ere statistically significant. 
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Figure 1. Kaplan–Meier survival curves of clinically significant predictors of 42- or 180-day mortality in the patients with primary brain abscess. 

Figure 2. Results of multivariable Cox regression models for 42- and 180-day mortality in the patients with primary brain abscess. Statistically significant variables in the 

univariate analysis were included in the multivariate Cox regression analysis. 
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Table 2 

Results of the univariable Cox regression analysis for 42- and 180-day mortality in the patients with primary brain abscess. 

42-day mortality 180-day mortality 

Yes, n = 26 HR (95% CI) Yes, n = 39 HR (95% CI) 

Gender (Female) 8 (8.5) 1.09 (0.47-2.50) 10 (10.6) 0.83 (0.40-1.71) 

Age, mean ± SD 48.6 ± 16.2 1.00 (0.98-1.02) 51.3 ± 18.8 1.01 (0.99-1.03) 

Comorbidity 19 (11.0) 2.61 (1.10-6.21)∗ 30 (17.3) 3.40 (1.61-7.17)∗

DM 3 (6.0) 0.75 (0.22-2.48) 5 (10.0) 0.84 (0.33-2.14) 

Hypertension 3 (10.3) 1.38 (0.41-4.60) 4 (13.8) 1.19 (0.42-3.35) 

COPD 3 (15.8) 2.15 (0.65-7.17) 5 (26.3) 2.31 (0.90-5.90) 

Malignancy 4 (22.2) 3.10 (1.07-9.00)∗ 6 (33.3) 3.59 (1.50-8.60)∗

IV drug use 2 (28.6) 4.96 (1.17-21.0)∗ 2 (28.6) 3.64 (0.87-15.1) 

CRF 2 (28.6) 4.00 (0.94-16.9) 2 (28.6) 2.43 (0.58-10.1) 

CHD 1 (16.7) 2.32 (0.31-17.1) 2 (33.3) 3.36 (0.81-14.0) 

SOT 0 (0.0) – 1 (20.0) 1.93 (0.26-14.1) 

Headache 19 (7.4) 0.76 (0.32-1.81) 29 (11.2) 0.83 (0.40-1.70) 

Fever 14 (7.8) 0.98 (0.45-2.12) 20 (11.1) 0.87 (0.46-1.63) 

FND 14 (7.9) 1.05 (0.48-2.26) 23 (13.0) 1.29 (0.68-2.44) 

Confusion 16 (11.3) 2.26 (1.03-4.99)∗ 24 (17.0) 2.30 (1.21-4.39)∗

Nausea/vomiting 9 (7.20) 0.88 (0.39-1.97) 13 (10.4) 0.80 (0.41-1.56) 

Seizure 5 (6.8) 0.81 (0.30-2.14) 9 (12.2) 1.03 (0.49-2.18) 

GCS, median (25-75%) 14 (9-15) 0.81 (0.73-0.90)∗ 14 (9-15) 0.81 (0.74-0.89)∗

Source of infection 12 (7.1) 0.80 (0.37-1.74) 16 (9.5) 0.63 (0.33-1.19) 

Direct spread 4 (4.4) 0.46 (0.16-1.34) 5 (5.4) 0.36 (0.14-0.92)∗

Dental infection 2 (5.6) 0.67 (0.16-2.83) 2 (5.6) 0.42 (0.10-1.72) 

Hematogenous infection 5 (17.9) 2.59 (0.98-6.88) 8 (28.6) 2.92 (1.34-6.35)∗

Bacterial endocarditis 2 (14.3) 1.89 (0.45-8.00) 2 (14.3) 1.29 (0.31-5.35) 

Frontal lobe 11 (8.6) 1.18 (0.54-2.56) 13 (10.2) 0.81 (0.42-1.58) 

Parietal lobe 13 (11.0) 1.88 (0.87-4.06) 21 (17.8) 2.25 (1.20-4.22)∗

Temporal lobe 11 (10.9) 1.69 (0.78-3.67) 18 (17.8) 1.96 (1.05-3.68)∗

Occipital lobe 5 (6.9) 0.80 (0.30-2.11) 11 (15.1) 1.27 (0.63-2.55) 

Basal ganglia 0 (0.0) – 2 (9.5) 0.78 (0.19-3.23) 

Cerebellum 1 (5.0) 0.60 (0.08-4.42) 1 (5.0) 0.37 (0.05-2.72) 

Brain stem 1 (5.3) 0.63 (0.08-4.62) 1 (5.3) 0.41 (0.06-2.95) 

Longest diameter, median (25-75%) 30.0 (25.5-40.0) 1.00 (0.98-1.03) 33.0 (23.1-43.0) 1.01 (0.99-1.03) 

Multiple abscesses 11 (11.8) 1.92 (0.88-4.19) 17 (18.3) 2.12 (1.13-3.99)∗

Midline shift 7 (8.1) 1.05 (0.44-2.51) 12 (14.0) 1.25 (0.63-2.47) 

Ruptured abscess 5 (16.7) 2.42 (0.91-6.42) 10 (33.3) 3.56 (1.73-7.30)∗

Concomitant meningitis 8 (11.4) 1.42 (0.60-3.39) 13 (18.6) 1.90 (0.92-3.91) 

Bacteria not identified 21 (12.4) 4.42 (1.67-11.7)∗ 28 (16.6) 2.96 (1.47-5.96)∗

White blood cell (mL), n = 278 12000 (9950-15100) 1.00 (0.99-1.00) 12170 (9200-15200) 1.00 (0.99-1.00) 

Neutrophil (mL), n = 253 11108 (7820-13381) 1.00 (0.99-1.00) 11500 (7500-13720) 1.00 (0.99-1.00) 

Platelet (mL), n = 276 237000 (165500-316250) 1.00 (0.99-1.00) 246500 (164750-331250) 1.00 (0.99-1.00) 

CRP (mg/L), n = 253 39.5 (19.9-58.4) 1.00 (0.99-1.01) 36.0 (10.8-50.0) 1.00 (0.99-1.00) 

Procalcitonin (ng/mL), n = 100 7.07 (0.25-19.5) 1.17 (1.09-1.26)∗ 2.25 (0.11-11.8) 1.17 (1.10-1.26)∗

Creatinine (mg/dL), n = 274 0.90 (0.74-1.20) 1.03 (1.01-1.05)∗ 0.80 (0.70-1.05) 1.02 (1.00-1.05)∗

Surgery/drainage 17 (7.2) 0.74 (0.33-1.67) 25 (10.5) 0.70 (0.36-1.34) 

Categorical variables were presented as row percentages. 
∗ p < 0.05 

CHD: Cyanotic heart disease, COPD: Chronic obstructive pulmonary disease, CRF: Chronic renal failure, DM: Diabetes mellitus, FND: Focal 

neurologic deficit, HR (95% CI): Hazard ratio (95% confidence interval), IV: Intravenous, SOT: Solid organ transplantation. 
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In this study, we observed a 42-day mortality rate of 7.8%, 

hich increased to 11.8% over a 180-day follow-up period for pa- 

ients with PBA. Our study emphasizes that the presence of malig- 

ancy, confusion, and the identification of bacteria upon admission 

erve as prognostic indicators of mortality risk in both the early 

nd late periods. In contrast, IV drug addiction, which is linked to 

evere infection, predicted early mortality, whereas temporal lobe 

nvolvement was linked to late mortality. To our knowledge, this is 

he largest case series of PBA ever reported in the literature. 

PBA mortality has been reported to range from 3.5% to 23.4%, 

epending on the follow-up period of the studies [ 3 , 9-11 ]. Bodilsen

t al. reported a 30-day mortality rate of 15% and a one-year mor- 

ality rate of 21%, demonstrating that the risk of death due to brain 

bscesses persisted in the postinfection period [ 12 ]. Furthermore, 

hey reported a significantly higher mortality rate in patients with 

rain abscesses than in the control group, even years later. The 

xact causes of mortality following the infectious phase remain 
6

nclear, although seizures, neurological deficits, and complications 

ay be influential factors. Our results show that temporal lobe in- 

olvement, which was not initially associated with mortality, be- 

ame a significant risk factor for mortality. We could not confirm a 

lear association between temporal lobe involvement and seizures 

n the postacute period or a high complication rate. When the tem- 

oral lobe is involved, there is a higher likelihood of unfavorable 

linical outcomes, such as epilepsy or other complications, resem- 

ling the progression observed in herpetic encephalitis, which is 

ecognized for its postinfection complications, including sequelae 

nd seizures [ 13 , 14 ]. The long-term complications of temporal lobe 

nvolvement require further clarification. 

The majority of our patients were male, which aligns with the 

xisting literature [ 3 , 9 , 10 , 15 ]. Headache was the most common

ymptom, observed in half of patients. In addition, the classic triad 

f symptoms associated with brain abscesses, headache, fever, and 

ocal neurological deficits was observed in approximately one-fifth 

f patients presenting with a relatively silent clinical form. The 

resentation of symptoms is similar to that of brain abscesses that 
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Table 3 

Mean survival times by clinical predictors for 42- and 180-day mortality in the patients with primary brain abscess. 

42-day mortality 180-day mortality 

Mean survival time (days) ± SE Log-rank P Mean survival time (days) ± SE Log-rank P 

Malignancy 0.03 0.002 

No 39.8 ± 0.48 164 ± 2.77 

Yes 38.7 ± 1.77 123 ± 18.30 

IV drug user 0.02 0.06 

No 39.9 ± 0.45 162 ± 2.8 

Yes 31.0 ± 6.53 126 ± 32.2 

Confusion: 0.04 0.009 

No 40.6 ± 0.49 168 ± 3.16 

Yes 38.5 ± 0.85 154 ± 5.04 

Direct spread 0.1 0.03 

Yes 39.4 ± 0.57 171 ± 4.06 

No 40.4 ± 0.76 158 ± 3.58 

Hematogenous infection 0.05 0.005 

No 39.9 ± 0.47 164 ± 2.79 

Yes 37.6 ± 1.90 137 ± 13.02 

Parietal lobe involvement 0.1 0.009 

No 40.3 ± 0.49 166 ± 3.11 

Yes 38.7 ± 0.95 153 ± 5.54 

Temporal lobe involvement 0.2 0.03 

No 40.2 ± 0.50 166 ± 3.06 

Yes 38.7 ± 0.98 153 ± 5.97 

Multiple abscesses 0.09 0.02 

No 40.2 ±0.49 166 ± 2.99 

Yes 38.6 ±1.06 152 ± 6.48 

Ruptured abscess 0.07 < 0.001 

No 40.0 ± 0.46 165 ± 2.72 

Yes 37.4 ± 2.02 130 ± 13.05 

Causative bacteria were identified 0.001 0.001 

Yes 41.4 ± 0.33 171 ± 2.74 

No 38.1 ± 0.83 152 ± 4.86 

SE: Standard error. 

h  

c

p  

o

W

P

i

i

i

g

e

t

p

fl

p

h

t

g

b

m

s  

r

T

f

t

l

I  

a  

a

o

I

I

h

m

t

a

w

i

m

m

a

m

o

a

l  

t

s

n

o

l

l

s

o

t

e

o

a

t

w

a

t

s

ave been previously documented in the literature [ 4 , 16 , 17 ], which

an sometimes result in a delay in diagnosis, especially PBA. 

Previous studies have reported that the rate of unidentified 

athogens in PBA ranges from 40% to 84% [ 3 , 9 , 11 , 15 ]. Likewise, in

ur study, half of the cases did not have an identified pathogen. 

hile the majority of pathogens were detected through culture, 

CR demonstrated higher positivity rates. Nevertheless, our find- 

ngs underscore the critical importance of pathogen identification 

n reducing mortality for patients with brain abscesses. Identify- 

ng pathogens—regardless of the method used—illustrates how tar- 

eted therapy can significantly improve outcomes in infectious dis- 

ases. On the other hand, the integration of molecular diagnos- 

ic methods has notably enhanced the identification of causative 

athogens of brain abscesses. However, these techniques are not 

awless and can produce false-positive results by detecting non- 

athogenic bacteria [ 18 , 19 ]. In conclusion, mortality rates, which 

ave been decreasing over time [ 2 ], are expected to decrease fur- 

her with advances in molecular diagnostics. 

Viridans streptococci, which are part of the normal oral and 

astrointestinal flora and commonly cause dental infections, IE, 

rain abscesses, and neutropenic sepsis [ 20 ], were found to be the 

ost common pathogens in PBA cases in our study, which is con- 

istent with the results of previous studies [ 9 , 11 , 15 ]. These bacte-

ia are thought to easily infect the brain via a hematogenic route. 

heir tendency to form abscesses is likely due to specific virulence 

actors, such as enzymes that digest the host tissue and factors 

hat help them bind to fibronectin and laminin in the extracellu- 

ar matrix [ 21 ]. The incidence of brain abscesses in patients with 

E has been reported to be higher in IV drug addicts than in non-

ddicts [ 22 ]. However, data on the prevalence of IE due to IV drug

ddiction in patients with brain abscesses are lacking. In our study 

f PBA cases, 86% of IV drug addictions were not associated with 

E. We attribute these lower-than-expected rates to the fact that 
7

E in IV drug addiction is more commonly associated with right 

eart involvement. By contrast, brain abscesses were more com- 

on in patients with left-sided cardiac involvement. In addition to 

he conflicting findings on brain abscesses and IE among IV drug 

ddictions, we also found that IV drug addiction was associated 

ith a higher early stage mortality rate and shorter survival time 

n patients with PBA. This suggests that drug abuse affects the im- 

une system, increases the risk of infection development [ 23 ], and 

ight increase mortality, even without endocarditis. Another factor 

ffecting the outcome was malignancy; the presence of concurrent 

alignancy in patients with PBA significantly increased mortality. 

A low GCS score at the first visit was associated with poor PBA 

utcomes [ 10 ]. However, confusion, an easy-to-detect finding on 

dmission, was not reported to indicate mortality in PBA in the 

iterature, yet [ 3 , 9 , 15 ] and we found that it was a strong predic-

or of mortality in this study. In addition, the presence of confu- 

ion may indicate postinfection complications such as seizures and 

eurological deficits. 

The large sample size in our study increased the reliability of 

ur findings and provided a more accurate reflection of the re- 

ationship between confusion and mortality. This study has some 

imitations owing to its retrospective design. First, as with any ob- 

ervational study, unmeasured confounders may have influenced 

ur results. Second, we did not have data on sequelae and seizures 

hat developed after the infection period to assess their potential 

ffect on mortality over time. Third, differences in diagnostic meth- 

ds and treatment regimens across centers could have led to vari- 

bility in clinical outcomes. Comprehensive information regarding 

he PCR methods and kits utilized was not provided. As a result, 

e were unable to evaluate the heterogeneity of these methods as 

 limitation. Finally, the lack of an attributable cause of death, par- 

icularly in patients with malignancy, is another limitation of this 

tudy. 
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Our study highlights that the factors influencing the 42-day and 

80-day mortality in PBA may differ. According to our data, the 

actors associated with the acute infectious process led to higher 

hort-term mortality rates, with additional contributions to long- 

erm mortality stemming from destructive processes, such as tem- 

oral lobe involvement. 
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¸  ahinoğlu: Data curation. Sevil Alkan: Data curation. Mehmet 

zdemir: Data curation. Bilal Ahmad Rahimi: Data curation. 

ulden Eser Karlidag: Data curation. Ş afak Özer Balin: Data cu- 
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