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SUMMARY – There are different options for surgical treatment of brain abscess, mainly standard 
craniotomy and stereotactic aspiration. It has not yet been established which of these options is associ-
ated with a more favorable outcome under similar baseline conditions of patients. Demographic char-
acteristics, microbiology, clinical presentation, and treatment outcome were analyzed for surgically 
treated adult patients with brain abscess over a 14-year period. A propensity score model was applied 
to account for baseline conditions that may determine the choice of neurosurgical method. The pro-
pensity score was included in the prediction of a favorable outcome, defined as a Glasgow Outcome 
Scale (GOS) score 4 or 5. We analyzed 91 adult surgically treated patients, of which 53 had standard 
craniotomy and 38 stereotactic aspiration of brain abscess. Focal neurological deficit was the most 
common symptom present in 60 (65.9%) patients on admission. Sixty-seven (73.6%) patients had 
GOS 4 or 5, and seven (7.7%) patients died. The choice of surgery did not influence the outcome (OR 
1.181, 95% CI 0.349-3.995), neither did the time elapsed from diagnosis to surgery (OR 0.998, 95% 
CI 0.981-1.015). Propensity towards standard craniotomy procedure did not influence outcome in 
brain abscess patients (OR 1.181, 95% CI 0.349-3.995). Worse outcome (GOS below 4) was inde-
pendently associated with Glasgow Coma Score (GCS) on admission (OR 0.787, CI 0.656-0.944). 
The choice of neurosurgical procedure did not influence the outcome in patients with brain abscess. 
Patients with brain abscess who had lower GCS on admission also had worse outcome.
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Introduction

Brain abscess is an intracerebral infection which 
starts as a localized area of inflammation and develops 
into a pus collection surrounded by a capsule1,2. Dur-
ing the last thirty years, mortality of brain abscess has 
fallen from 46% to 10%, with the help of modern neu-
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roradiological imaging, development of neurosurgical 
techniques and equipment, and with the use of tar-
geted antibiotic regimens1-3. The outcome in these pa-
tients is still influenced by numerous factors, among 
which are neurosurgical techniques of standard crani-
otomy and stereotactic aspiration3. Most studies on 
this issue are retrospective and observational, and be-
cause of non-random treatment assignment, estimates 
may be biased when comparing outcomes associated 
with different treatments2-9. The aim of the study was 
to define the effect of different surgical methods and 
patient characteristics on the outcome using the pro-
pensity score model.

Patients and Methods

An institutional review board approved a retrospec-
tive analysis of data on patients aged ≥18 with the diag-
nosis of brain abscess, who were admitted to the Dr. 
Fran Mihaljević University Hospital for Infectious Dis-
eases between July 1, 2000 and July 1, 2014. The study 
was approved by the Ethics Committees of Dr. Fran 
Mihaljević University Hospital for Infectious Diseases 
and Zagreb University Hospital Center. Cases were as-
certained through the International Classification of 
Diseases-10 (ICD-10) discharge codes and medical re-
cords were reviewed by paper and electronic data query. 
Brain abscess was defined as a localized collection of pus 
surrounded by a well-vascularized capsule which could 
be seen on a computerized tomography (CT) scan or 
magnetic resonance imaging (MRI). Inclusion criteria 
were also evidence of pus in brain tissue material from 
surgery and appropriate microbiological specimens (ce-
rebrospinal fluid, blood, wound swab). Patients younger 
than 18 and those with subdural or epidural empyema 
were excluded from the study by database search engine. 
We also excluded patients with missing medical records, 
those treated conservatively (only with antibiotic regi-
men), and patients with post-neurosurgical brain ab-
scess. Post-neurosurgical brain abscess was defined as a 
brain abscess which could be seen within one month 
after the neurosurgical procedure (via CT/MRI scan or 
clinically presented)6,10.

Surgically treated patients were divided into two 
groups of patients having undergone standard crani-
otomy and patients having undergone stereotactic as-
piration procedure. Standard craniotomy was defined 
as evacuation of abscess with excision of abscess cap-

sule. Stereotactic aspiration was defined as aspiration 
of the pus via burr hole or small craniotomy with cap-
sule left in place of brain abscess. Optimal therapy was 
defined as therapy which led to improvement of the 
patient clinical status and/or control CT scan finding 
with significant improvement (no visible abscess). If 
the patient underwent multiple procedures of stereo-
tactic aspiration combined with subsequent cranioto-
my, he was included into the craniotomy group.

The outcome of patients was measured with 
Glasgow Outcome Scale score (GOS 1-5) at dis-
charge11. According to GOS, patients were divided 
into two groups of those with favorable outcome 
(GOS 4 and 5) and unfavorable outcome (GOS 1-3).

Statistical analysis

For continuous variables, median and interquartile 
values were calculated. Categorical data were shown as 
frequencies and percentages. The primary outcome 
was GOS value. Kruskal-Wallis and Mann-Whitney 
tests were used for quantitative variables, and the χ2-
test and Fisher exact test for categorical variables, 
when appropriate. The study tested how a particular 
type of surgery influenced outcome in brain abscess 
patients. For minimizing treatment selection bias (or 
confounding by indication bias), the propensity score 
model was used. Stepwise logistic regression analysis 
derived a model, which was then used to predict pro-
pensity score for standard craniotomy for each patient 
using baseline variables. Baseline variables were de-
fined as variables that were present at the time of in-
clusion in the study (admission to hospital), so each 
patient had a propensity score that reflected the prob-
ability to undergo standard craniotomy. Summary 
measures of goodness of fit were evaluated using Hos-
mer-Lemeshow test. Two-tailed p-values less than 
0.05 were considered statistically significant. Data 
were analyzed using SAS version 9.3 (SAS Institute, 
Carry, NC, USA).

Results

During the 14-year period, there were 156 patients 
with brain abscess treated at Dr. Fran Mihaljević Uni-
versity Hospital for Infectious Diseases in Zagreb, 
Croatia. Patients younger than 18 years and those di-
agnosed with subdural or epidural empyema were ex-
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cluded from the study at the beginning of the search. 
Out of 156 patients, five had missing medical records. 
Out of 151 accessible records, 24 patients were treated 
only with antibiotics and thus not included in the 
study. There were 127 surgically treated patients, 
among which there were 36 post-neurosurgical brain 
abscesses. We excluded post-neurosurgical population 
due to the potential bias. Ninety-one patients met the 
study criteria and had community acquired brain 
abscess(es). This study flow is shown in Figure 1. Out 
of 91 surgically treated brain abscess patients, there 
were 53 patients having undergone standard cranioto-
my and 38 patients having undergone stereotactic pro-
cedure. Three patients having undergone repeated ste-
reotactic aspirations (4 or more) and standard crani-
otomy as the final procedure were included in the 
standard craniotomy group.

The median age of patients in this study was 47 
(interquartile range [IQR] 30-60) years and there were 
67 (73.6%) male patients. Eighty-two (90.1%) patients 
were referred from another hospital. Comorbidities 
were present in 63 (69.2%) patients, among which ce-
rebral diseases (brain tumors, cerebrovascular diseases, 
etc.) and chronic pulmonary diseases were most com-
mon, being present in 23 (25.3%) and 18 (19.8%) pa-
tients, respectively (Table 1).

There were nine (9.9%) patients with arteriovenous 
(AV) malformation, six of them with Osler-Weber-

Fig. 1. Study flow of adult brain abscess patients during 
the period from July 1, 2000 to July 1, 2014, treated at 
Dr. Fran Mihaljević University Hospital for Infectious 
Diseases, Zagreb, Croatia.
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Table 1. Basic demographic and clinical characteristics  
of surgically treated patients with brain abscess

Demographic and 
clinical 
characteristics, 
N=91

Neurosurgical approach

p-valueStandard 
craniotomy, 
n=53 

Stereotactic 
aspiration,
n=38 

Age (yrs), median 
(IQR)a

44.0  
(29.0-55.0)

50.5  
(32.0-60.0) 0.273

Sex, male (%)b 40 (75.5%) 27 (71.1%) 0.895
Chronic diseasesb:
Alcoholism 6 (11.3%) 6 (15.8%) 0.774
Arteriovenous 
malformations 3 (5.7%) 6 (15.8%) 0.277

Cerebral diseases 14 (26.4%) 9 (23.7%) 0.974
Diabetes mellitus 2 (3.8%) 4 (10.5%) 0.419
Cardiovascular 
diseases 8 (15.1%) 5 (13.2%) 1.000

Chronic 
pulmonary 
diseases 

7 (13.2%) 11 (28.9%) 0.189

Hematologic 
malignancy 1 (1.9%) 3 (7.9%) 0.403

Brain abscess 
originb: 
Otogenic 
infection/sinusitis 20 (37.7%) 4 (10.5%) 0.013

Pulmonary 
infection 2 (3.8%) 4 (10.5%) 0.419

Meningitis 9 (17.0%) 5 (13.2%) 0.928
Head trauma 2 (3.8%) 0.0% 0.668
Odontogenic foci 2 (3.8%) 4 (10.5%) 0.419
Skin and soft 
tissue infection 1 (1.9%) 0.0% 1.000

Origin unknown 17 (32.1%) 21 (55.3%) 0.090

IQR = interquartile range; aKruskal-Wallis test; bFisher exact test.
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Rendu syndrome and three with AV malformation in 
cerebral lobes as the only sites reported. There were no 
differences between the groups of standard craniotomy 
and stereotactic aspiration according to age, gender 
and underlying diseases.

Clinical, radiological and microbiological characteristics 
of brain abscess

The most common clinical sign of brain abscess 
was focal neurological deficit (hemiplegia, aphasia, 

cranial nerve paralysis, etc.), which was present in 60 
(65.9%) patients (Table 2).

It was followed by headache and fever, present in 
58 (63.7%) and 51 (56.0%) patients, respectively. Me-
dian Glasgow Coma Scale score (GCS) on admission 
was 15.0 (IQR 14.0-15.0). There were 76 (83.5%) pa-
tients with GCS between 13 and 15, and only 41 
(45.1%) patients had GCS less than 15 on admission. 
The initial GCS did not differ between the groups of 
standard craniotomy and stereotactic aspiration (p= 
0.806).

Neuroradiological investigations altogether re-
vealed multilobularity in five (5/91, 5.5%), multiple 
abscesses in 29 (31.9%) and intraventricular rupture in 
seven (7.7%) patients (Table 2). The largest abscess di-
ameter was available in 78 (85.7%) examined patients, 
and it was 30.0 mm (median, IQR 14.5-40.0). The ob-
served groups differed only by intraventricular rupture 
of abscess, as seen on CT scan on admission (p=0.020). 
Most abscesses were of unknown origin (n=38, 41.8%). 

Table 2. Clinical presentation and brain abscess 
characteristics of surgically treated patients

Neurosurgical approach

p-valueStandard 
craniotomy, 
n=53

Stereotactic 
aspiration,
n=38

Clinical 
presentation: 
GCS on 
admission, median 
(IQR)a

15.0  
(13.0-15.0)

15.0  
(14.0-15.0) 0.806

Seizuresb 17 (32.1%) 7 (18.4%) 0.359
Focal neurological 
signsb 34 (64.2%) 26 (68.4%) 0.916

Feverb 27 (50.9%) 24 (63.2%) 0.535
Headacheb 36 (67.9%) 22 (57.9%) 0.624
Meningismb 15 (28.3%) 10 (26.3%) 1.000
Vomitingb 9 (17.0%) 9 (23.7%) 0.711
Brain abscess 
characteristics:
Formed capsule 
(%)b 45 (84.9%) 37 (97.4%) 0.074

Multiloculated 
abscess (%)b 5 (9.4%) 0 0.073

Multiple abscesses 
(%)b 14 (26.4%) 15 (39.5%) 0.254

Intraventricular 
rupture on 
admission (%)b

1 (1.9%) 6 (15.8%) 0.020

Largest diameter 
of the largest 
abscess (mm), 
median (IQR)a, c

30.0 (14.5-
40.0)

30.0 (20.0-
35.0) 0.851

IQR = interquartile range; aMann-Whitney test; bFisher exact test; 
cabscess diameter was available in 78 (85.7%) study patients, i.e. 44 
(75.9%) and 34 (89.5%) patients with surgical excision and aspira-
tion, respectively.

Table 3. Microbiological characteristics of patients with 
brain abscess

Pathogen species Number of isolatesa (%)
Streptococcus spp. 22 (40%)
   S. milleri group 12
   S. viridans 4
   Enterococcus spp. 3
   Other 3
Staphylococcus spp. 4 (7.3%)
Coagulase-negative 
staphylococcus 4

Gram-negative bacteria 12 (21.8%)
   P. mirabilis 5
   Pseudomonas spp. 2
   K. pneumoniae 1
   H. influenzae 3
   Other 1
Anaerobic bacteria 16 (29.1%)
   Peptostreptococcus spp. 7
   Bacteroides 2
   Fusobacterium 2
   Propionibacterium 2
   Other 5
Other pathogens 4 (8.0%)

aSome patients had more than one microbiological organism iso-
lated.
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The most common route of infection was continuous 
spread of otogenic or sinonasal infection causing brain 
abscess formation in 24 (26.4%) patients. Other com-
mon origins of brain abscess were meningitis in 14 
(15.4%) patients, and pulmonary and odontogenic in-
fections present in six (6.6%) patients each. Patients 
with brain abscess as a complication of otogenic or si-
nonasal infection were more often treated with stan-
dard craniotomy (p=0.013). In 50 (54.9%) patients, the 
causative microorganism was isolated with most of the 
specimens taken intraoperatively (positive in 36 pa-
tients, 39.6%). There were 55 different isolates, with 
Streptococcus species (n=22, 40.0%) as the most com-
monly isolated group (Table 3). Mixed cultures were 
present in 11 cases.

Treatment characteristics and outcome analysis

Timing of diagnosis and treatment was calculated 
for both surgically treated groups. There was signifi-
cant difference between the groups in days from dis-
ease onset to surgery (Mann-Whitney test, p=0.004). 
In craniotomy group, it was 9.0 days (IQR 5.0-20.0) 
and in stereotactic group 16.0 days (IQR 8.0-33.0). 
Other timing intervals between the two surgical 
groups were similar (Table 4). Median length to opti-
mal therapy was 12.0 days (IQR 7.0-20.0) in craniot-
omy group and 17.0 days (IQR 8.0-33.0) in stereotac-
tic group. There was no statistically significant differ-
ence in total duration of antimicrobial treatment be-
tween the operated groups (Mann-Whitney test, 
p=0.122), with median time 43.0 days (IQR 36.0-
57.0) in craniotomy group and 52 days (IQR 42.0-
63.0) in aspiration group.

Seven (7.7%) patients died during the treatment of 
brain abscess, i.e. four (7.5%) patients from the stan-
dard craniotomy group and three (7.9%) patients from 
the stereotactic aspiration group (Table 4).

The study also compared two groups of patients ac-
cording to the outcome; favorable group included 67 
(73.6%) patients and unfavorable group 24 (26.4%) 
patients (Table 5). Analysis of the outcome revealed 
that GCS on admission was a factor associated with 
unfavorable outcome (Mann-Whitney test, p<0.001). 
Another factor associated with unfavorable outcome 
was diabetes mellitus (Fisher exact test, p=0.009). 
There was no statistically significant difference in mor-
tality between the patients treated with standard cra-
niotomy and with stereotactic aspiration (Fisher exact 

test, p=1.00). Timing between the favorable and unfa-
vorable groups was significantly longer in days from 
disease onset to optimal therapy (Mann-Whitney test, 
p=0.008) and to surgery (Mann-Whitney test, p= 
0.007) (Table 5).

Multivariate logistic regression (LR) analysis was 
used to estimate independent impact of neurosurgical 
intervention on patient outcome. Propensity score for 
standard craniotomy was calculated using a non-parsi-
monious logistic regression model which included age, 
GCS, gender, diameter of the largest abscess, seizures, 
presence of capsule, number of abscesses, spread into 
ventricles, days from the diagnosis to optimal antimi-
crobial therapy, and days from diagnosis to surgery. The 
final LR model included GCS, days from diagnosis to 
surgery, type of surgery (standard craniotomy vs. ste-
reotactic aspiration), and propensity score for standard 

Table 4. Timing and outcome in surgically treated 
patients with brain abscess

Neurosurgical approach

p-valueStandard 
craniotomy, 
n=53

Stereotactic 
aspiration,
n=38

Timinga:
Days from disease 
onset to optimal 
therapy, median 
(IQR)

12.0  
(7.0-20.0)

17.0  
(8.0-33.0) 0.084

Days from disease 
onset to surgery, 
median (IQR)

9.0  
(5.0-20.0)

16.0  
(8.0-33.0) 0.004

Duration of 
antimicrobial 
treatment after 
surgery (days), 
median (IQR)

36.0  
(30.0-45.0)

35.0  
(28.0-46.0) 0.942

Total duration  
of antimicrobial 
treatment (days), 
median (IQR)

43.0  
(36.0-57.0)

52.0  
(42.0-63.0) 0.122

Outcome:
Favorable 
outcomeb,c 41 (77.4%) 26 (68.4%) 0.348

Mortality (%)b 4 (7.5%) 3 (7.9%) 1.000

IQR = interquartile range; aMann-Whitney test; bFisher exact test; 
cfavorable outcome was defined as Glasgow Outcome Score (GOS) 
4 and 5.
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craniotomy as independent variables. The model fitted 
well (Hosmer-Lemeshow test, p=0.205) and had a 
satisfactory explanatory value (c=0.745). Timing, as  
in days from disease onset to surgery, was not asso
ciated with the outcome odds ratio (OR) 0.998,  
95% CI (confidence interval) 0.981-1.015, p=0.825) 
(Table 6).

The choice of neurosurgical treatment did not in-
fluence the outcome OR 1.181, 95% CI 0.349-3.995, 
p=0.789), nor did the propensity to standard cranioto-
my procedure (OR 0.125, 95% CI 0.011-1.454, 
p=0.097). Worse outcome (GOS 1-3) was indepen-
dently associated with GCS on admission (OR 0.787, 
95% CI 0.656-0.944, p=0.010).

Discussion

Treatment of brain abscess is primarily focused on 
eradication of the causative pathogen and reducing in-
tracranial pressure. The management of brain abscess is 
influenced by characteristics of brain abscess (size, loca-
tion, number, stage of formation), patient characteris-
tics (age, underlying disease, neurological status), and 
surgeon preferences (knowledge, education, availability 
of medical equipment, etc.). Stereotactic aspiration is 
used as both therapeutic and diagnostic procedure and 
is usually performed in patients with brain abscess in 
eloquent areas, deeply seated brain abscess, or multiple 
brain abscesses1,9,12-15. It can be done regardless of cap-
sule formation2,15. In cases of emergency, decompres-
sion of larger abscesses is possible via burr-hole aspira-
tion, combined with sampling for microbiological 
analysis and possible institution of antimicrobial agent. 
Aspiration can be repeated several times; in some se-
ries, most of the patients needed 2 or 3 subsequent as-
pirations1,15-17. Although the number of repeated aspi-
rations was not counted in the study, there were only 
three patients who required standard craniotomy pro-
cedure due to unsuccessful aspirations. Failure of aspi-
ration could be due to immunodeficiency, lack of cath-
eter drainage, inappropriate antibiotic therapy, or inad-
equate first (and subsequent) aspiration15,18. Standard 
craniotomy is still the procedure of choice in some pa-
tients, i.e. those with large superficial abscesses, those 
with adhesions to the dura, those that affect large sur-

Table 5. Comparison of patients with favorable (GOS 4 and 5) and unfavorable outcome (GOS 1 to 3) by 
demographic, clinical and timing features

  Unfavorable outcome  
(GOS 1-3), n=24 (26.4%)

Favorable outcome  
(GOS 4 and 5), n=67 (73.6%) p-value

Age in years, median (IQR)a 54.5 (39.5-63.5) 45.0 (28.0-55.0) 0.111
Male gender (%)b 20 (83.3%) 47 (70.1%) 0.453
Comorbidityb:      
Diabetes mellitus 5 (20.8%) 1 (1.5%) 0.009
Clinical presentationa:
GCS at admission, median (IQR) 13.0 (10.5-14.5) 15.0 (14.0-15.0) <0.001
Timinga:    
Days from disease onset to optimal 
therapy, median (IQR) 21.5 (11.5-40.5) 12.0 (6.0-21.0) 0.008

Days from disease onset to surgery, 
median (IQR) 16.0 (11.0-33.0) 10.0 (5.0-20.0) 0.007

GOS = Glasgow Outcome Score; GCS = Glasgow Coma Score; IQR = interquartile range; aMann-Whitney test; bFisher exact test

Table 6. Logistic regression analysis of variables that 
might influence the outcome: time from diagnosis to 
surgery (days), GCS score, type of surgery, and propensity 
score for standard craniotomy

 Variable OR 95% Wald
confidence limits p-value

Days from disease 
onset to surgery 0.998 0.981 1.015 0.825

GCS at admission 0.787 0.656 0.944 0.010
Propensity score 
for standard 
craniotomy

0.125 0.011 1.454 0.097

GOS = Glasgow Outcome Score; GCS = Glasgow Coma Score; 
OR = odds ratio; favorable outcome was defined as GOS 4 or 5.
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face of brain, or posterior fossa brain abscess1,3,13-17. It is 
also performed in patients with multiloculated brain 
abscesses or when there is high suspicion of specific 
microorganisms (such as Mycobacterium tuberculosis, 
fungi, actinomyces or Nocardia species)1,12,15. Nowadays, 
there is a noticeable growth of immunodeficient popu-
lation, such as patients with organ transplants, bone 
marrow transplants, patients treated with immunosup-
pressants, and human immunodeficiency virus-positive 
patients, who change the epidemiology and etiology of 
brain abscess2,4,12. In these patients, we can expect unex-
pected microorganisms and sometimes prolonged 
treatment. We had one patient with heart transplant 
who had had brain abscess caused by Nocardia spp. one 
year after cardiac surgery. Another patient in the study 
with nocardial brain abscess was a 64-year-old female 
with Osler-Weber-Rendu syndrome. A recent work by 
Mathis et al. shows that patients with hereditary hem-
orrhagic telangiectasia usually have solitary lobar brain 
abscess that is caused by anaerobic microorganisms19. 
In that study, there were four members of a family with 
Osler-Weber-Rendu syndrome who had brain abscess-
es within a period of two years caused by different types 
of microorganisms. It is interesting that three of these 
patients had multiple abscesses, which differs from pre-
vious findings19.

We performed detailed analysis of the characteris-
tics and management of brain abscess in relation to the 
outcome and identified epidemiological and microbio-
logical characteristics in our setting. Favorable outcome 
(GOS 4 and 5) was measured in 67 (73.6%) patients, 
and only seven (7.7%) patients died, which is compara-
ble with previous series4,7,14. Demographic data and 
symptoms of brain abscess present on admission to the 
hospital did not differ from other studies4,7,9,20-26. The 
current study showed male predominance, which is 
consistent with current literature, since men are more 
prone to predisposing factors for brain abscess4,7,9,20-27. 
However, the study did not find any correlation between 
gender and outcome. The choice of surgical procedure in 
the study was influenced by the abscess size and loca-
tion, predisposed pathogenesis and/or microorganism, 
patient general condition on admission to the hospital, 
as well as surgeon preference and knowledge. The study 
analyzed differences between the two groups of differ-
ently treated patients. Standard craniotomy was more 
often performed in patients who had complication of 
otogenic and sinonasal infection with intracranial 

spread, resulting in brain abscess (p=0.013). Although 
we excluded patients with subdural empyema in frontal 
lobes as a complication of acute rhinosinusitis, we still 
had a substantial number of patients with chronic otitis 
media and temporal lobe involvement. However, the 
origin of infection in patient brain abscess did not influ-
ence the outcome (p=0.945). Intraventricular rupture 
(IVR) on admission was a more often recognized factor 
in stereotactic group (p=0.020). It is interesting that we 
did not find link between IVR and poor outcome 
(p=0.540), which could be due to the small number of 
IVR cases in the study.

When comparing outcomes in patients treated with 
standard craniotomy and stereotactic aspiration, sev-
eral studies report on better outcome in patients treat-
ed with stereotactic aspiration and some report that 
there are no differences in the outcome regarding sur-
gical strategies1,3-5,7-9,12,14-18,21,25-27. Important character-
istics that might influence the outcome and studies 
reporting such impact are presented in Table 7.

A recent literature review found that aspiration had 
lower mortality than craniotomy, which makes aspira-
tion the procedure of choice in patients with supraten-
torial parenchymal brain abscess3. A drawback of ob-
servational studies in patients with brain abscess is 
their design, thus randomized controlled studies in 
this field are lacking. To reduce selection bias (which is 
commonly encountered in cardiac surgery as well), 
some authors suggest using the propensity score mod-
el28-30. Propensity score used as a method of choice in 
statistical analysis is the probability of a subject to re-
ceive the treatment conditional on the measure of 
baseline characteristics29. It gives a probability that the 
patient will have a certain type of surgery, reducing the 
treatment bias, which is often present in observational 
studies28,29. Propensity score for standard craniotomy 
was calculated for each patient using a non-parsimoni-
ous logistic regression model which including age, 
GCS, gender, diameter of the largest abscess, seizures, 
presence of capsule, number of abscesses, intraventric-
ular rupture of the abscess, days from disease onset to 
optimal therapy, and days from disease onset to surgi-
cal intervention. Afterwards, we applied final LR 
model including GCS, days from disease onset to sur-
gical intervention, type of surgical procedure, and pro-
pensity score for radical surgery as independent vari-
ables. In the presented series, propensity towards stan-
dard craniotomy did not influence the outcome (OR 
0.125, 95% CI 0.011-1.454, p=0.097).
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Other factors that might influence the outcome ac-
cording to recent literature are severely altered mental 
status on admission, rapidly progressing neurological 
impairment, and underlying disease (comorbidi-
ties)1,2,4,7,9,15,20-25,31,32. In the presented series, patients 
with more pronounced mental status alteration (lower 
GCS score) had unfavorable outcome (OR 0.787, 95% 
CI 0.656-0.944). Several earlier studies confirmed the 
initial GCS score as an independent factor influencing 
the outcome of brain abscess7,9,15,21-25. The current study 
did not find that underlying diseases were associated 
with unfavorable outcome, although earlier studies 
did. We did find that there were more diabetic patients 
in the group with unfavorable outcome (p=0.009), but 
there were only six diabetic patients altogether, so we 
did not include them in the final LR analysis model. 
Diabetes mellitus and alcoholism rise susceptibility to 
infection and are commonly present in patients with 
worse outcome in other studies4,6,8,20. Although Smith 
et al. emphasize the importance of timing of surgery in 
patients with brain abscess, we did not find such a con-
nection31. There was a statistically significant differ-
ence between the groups of standard craniotomy and 
stereotactic aspiration (p=0.004) in days from disease 
onset to surgery. This delay in surgery could be ex-
plained by brain abscess characteristics, patient general 
condition, surgeon preferences, and assessment. We 
did include this finding in our final LR model, which 
did not find link between timing and poor outcome 
(OR 0.998, 95% CI 0.981-1.015).

In conclusion, brain abscess is still a life-threaten-
ing disease that requires prompt diagnosis and treat-
ment of patients. Unfavorable outcome (GOS below 
4) is not influenced by the choice of neurosurgical pro-
cedure; however, it is influenced by poor GCS on pa-
tient admission.
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Sažetak

UTJEČU LI RAZLIČITE NEUROKIRURŠKE METODE NA ISHOD BOLESNIKA  
S APSCESOM MOZGA? ANALIZA POMOĆU METODE PROPENSITY SCORE

A. Penezić, M. Santini, Z. Heinrich, D. Chudy, P. Miklić i B. Baršić

Cilj istraživanja bio je definirati utjecaj različitih neurokirurških metoda na ishod bolesnika s apscesom mozga upotre-
bom modela propensity score. Analizirali smo ishod u neurokirurški liječenih bolesnika s apscesom mozga ispitujući utjecaj 
metode liječenja i karakteristika bolesnika tijekom 14-godišnjeg razdoblja. Ishod je definiran kao povoljan ako je Glasgowska 
ljestvica ishoda (GOS) pri otpustu bila 4 ili 5. Za svakog bolesnika smo izračunali vjerojatnost za standardnu kraniotomiju 
(propensity score). Izvedena je logistička regresijska analiza koja je pokazala koji čimbenici utječu na ishod liječenja kod bole-
snika s apscesom mozga. Analizirali smo i kliničke podatke 91 neurokirurški liječenog bolesnika: 53 liječena standardnom 
kraniotomijom i 38 stereotaksijskom aspiracijom. Žarišni neurološki deficit bio je najčešći simptom kod prijma, prisutan u 
60 (65,9%) bolesnika. Šezdeset sedam (73,6%) bolesnika imalo je povoljan ishod liječenja, a sedam (7,7%) bolesnika je umr-
lo. Izbor zahvata nije utjecao na ishod liječenja (OR 1,181, 95% CI 0,349-3,995, p=0,789), kao niti vrijeme od postavljanja 
dijagnoze do zahvata (OR 0,998, 95% CI 0,981-1,015, p=0,825) ni veća vjerojatnost za kraniotomiju temeljem kliničkih 
osobina (OR 1,181, 95% CI 0,349-3,995, p=0,097). Lošiji ishod bio je nezavisno povezan sa zbrojem Glasgowske ljestvice 
kome (GCS) kod prijma (OR 0,787, CI 0,656-0,944, p=0,010). U retrospektivnim studijama model propensity score može 
poslužiti za uklanjanje iskrivljenja u analizi ishoda bolesnika liječenih različitim terapijskim metodama.

Ključne riječi: Apsces mozga; Kraniotomija; Stereotaksijska aspiracija; Glasgowska ljestvica ishoda


