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a  b  s  t  r  a  c  t

Purpose.  – Nocardia  farcinica  is  an  opportunistic  pathogen  causing  mainly  pneumonia  in  immunocompro-
mised  patients,  complicated  in almost  one-third  of  the  cases  by a thick-walled  multiloculated  cerebral
abscess  which  induces  significant  morbidity  and  mortality.  This  review  aims  to assess  the  optimal  treat-
ment strategy  for N. farcinica  cerebral  abscess.
Methods.  – Report  of  a case.  Medline  database  was  used  to  conduct  a systematic  review  from  inception  to
January  2020  looking  for English-language  articles  focused  on N. farcinica  cerebral  abscess,  in  accordance
with  the  PRISMA  guidelines.
Results.  – The  research  yielded  54 articles  for a  total  of  58 patients.  N.  farcinica  cerebral  abscess  displayed
three  different  neuroimaging  patterns:  a single  multiloculated  abscess  in  half  of  the  cases,  multiple  cere-
bral  abscesses,  or a small  paraventricular  abscess  with  meningitis.  The  patients  who  benefited  from
surgical  excision  of  the  abscess  showed  a trend  towards  a lower  risk  of  surgical  revision  (8%  versus  31%,
P =  0.06)  and  a lower  mortality  rate  (8%  versus  23%,  P =  0.18)  than  patients  who  benefited  from  needle  aspi-
ration.  Twenty-two  percent  of  the patients  benefited  from  microbiological  documentation  from  another
site with  a mortality  rate  of 23%.

Conclusion.  – Urgent  multimodal  MRI  is  necessary  in face  with clinical  suspicion  of  cerebral  nocardiosis.
In  case  of  single  or multiple  small  cerebral  abscesses,  microbiological  documentation  can  be obtained
with  puncture  of  pseudotumoral  visceral  lesions.  In  case  of  large or  symptomatic  cerebral  abscess,  an
aggressive  surgical  excision  seems  a reliable  option  and  can  be preferred  over  needle  aspiration.  Long-
term  antibiotic  therapy  with  cotrimoxazole  is  necessary  thereafter.

©  2021  Elsevier  Masson  SAS.  All  rights  reserved.
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1. Introduction

Firstly described by Edmond Nocard in 1888, Nocardia farcinica
is a soil-born Gram positive filamentous bacteria [1]. It firstly
causes pneumonia in immunocompromised patients [2]. Some-
times, the infection spreads hematogenously from an infected
pulmonary site, leading to “disseminated nocardiosis” if at least two
non-contiguous organs are affected (Fig. 1) [3,4]. The preferred dis-

semination sites are the central nervous system in one-third of the
cases and then the skin [4,5]. Pseudo-tumoral visceral lesions are
also possible in the abdomen, as well as in the eyes and the joints.
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he prognosis of disseminated nocardiosis with cerebral involve-
ent depends on the size, the number and the location of cerebral

bscesses in oftentimes fragile and immunosuppressed patients.
he neurosurgeon has to be solicited for diagnostic purpose or for
ymptomatic relief in face with a large multiloculated abscess. The
xpertise of the infectious disease specialist becomes mandatory
hereafter.

. Materials and methods
.1. Case illustration

We  report a case successfully managed in our institution.

https://doi.org/10.1016/j.neuchi.2021.04.022
http://www.sciencedirect.com/science/journal/00283770
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Fig. 1. This panel displays the course of a 55-year-old HIV positive non-compliant patient who  was  treated in our institution for disseminated nocardiosis. A. He presented
ith neg
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lobar  pneumonia which was  treated with ceftriaxone, and lymphocytic meningitis w
presented with a cerebellar syndrome associated with an inflammatory reaction (CR
microbiology report was consistent with (C) Nocardia farcinica and the patient was 

(B3).  The follow-up MRI  of the brain showed no evidence of relapse.

2.2. Database research

We  conducted a systematic literature review focused
on N. farcinica cerebral abscess on Medline database
(ncbi.nlm.nih.gov/pubmed/) from inception until January 2020.
We  used the advanced research mode with the following associa-
tions of Mesh terms: [(“nocardia” in the Title) and (“cerebral” or
“brain” in the Title)] and [(“farcinica” in the Title of in the Text)
and (“cerebral” or “brain” or “abscess” in the Title or in the Text)].

2.3. Data extraction

All the articles included in the quantitative analysis were
screened in a systematic manner and the following informa-
tion was extracted as previously planned: author and year of
publication; age and sex of the patient; underlying immunosup-
pressive condition and immunosuppressive therapies; presence of
an inflammatory syndrome; neurological condition; the number
and the location of the cerebral abscesses; the presence of a menin-
gitis; the neurosurgical procedure choice; the other organ chosen
for microbiological documentation; the antibiotic therapies used;
the outcome. This work was conducted in compliance with the Pre-
ferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA guidelines) [6].

2.4. Statistical analysis

All statistical analyses were conducted using GraphPad Prism
7.0 software (GraphPad Software, Inc.). Categorical variables were
presented as numbers and percentages, and continuous variables
were presented as the mean ± standard deviation. The significance
of baseline differences was determined by the Chi2 test for categor-
ical values; a two-sided P-value ≤ 0.5 was considered to indicate
statistical significance.

2.5. Primary and secondary endpoints

The primary endpoint of this study was to assess the opti-
mal  surgical strategy for patients suffering from Nocardia farcinica
cerebral abscess. The secondary endpoints of the study were to
review the other possible sites for microbiological documentation,
to assess the optimal antibiotic therapy, and to review the differ-
ent neuroimaging patterns of Nocardia farcinica associated cerebral
abscess.

2.6. Patient’s informed consent
Patient’s informed written consent was obtained for this work.
For retrospective review of the literature, formal consent is not
required.
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ative microbiological tests and a normal MRI  of the brain (B1). Two  months later, he
g/L) related to a (B2) multiloculated cerebellar abscess which was operated on. The

d with a one-month course of linezolide and a six-months course of cotrimoxazole

. Case illustration

A non-compliant, HIV-positive 55-year-old male patient pre-
ented right superior lobar pneumonia (Fig. 1A) which was treated
ith ceftriaxone. He suffered from lymphocytic meningitis with
egative microbiological tests afterwards and a normal brain MRI
Fig. 1B1). At that time, he presented humoral immunodeficiency
ith a CD4 count of 299 cells per mm3. An antiretroviral therapy
ith dolutegravir, emtricitabine and tenofovir was reintroduced.

Two  months later, he was admitted in the emergency depart-
ent of our facility for gait disturbance. Upon admission, clinical

xamination showed an isolated right cerebellar syndrome with-
ut any symptom of intracranial hypertension. There was no
ever or meningismus. Laboratory tests revealed a mild eleva-
ion of C-reactive protein (CRP) (16.5 mg/L) with normal white
lood cells (WBC) count (6.5 G/L). The magnetic resonance imag-

ng (MRI) showed a single multiloculated lesion in the left
erebellum with center restricted diffusion and a ring-enhanced
apsule after gadolinium injection (Fig. 1B2). Because of the high
uspicion of cerebral abscess and the mass effect, the patient
nderwent urgent surgical excision. The lesion was  found to be
hick-walled and filled with green pus. A broad-spectrum antibi-
tic therapy with meropenem and cotrimoxazole was introduced.
he microbiology report was consistent with Nocardia farcinina
sing MALDI-ToF mass spectrometry (Fig. 1C) [7]. It was  sen-
itive to amoxicilline-clavulanate (2 mg/L), linezolid (< 2 mg/L),
mipenem/cilastatin (< 1 mg/L), amikacin (0.5 mg/L), cotrimoxa-
ole (< 0.125 mg/L) and minocycline (1 mg/L); intermediate to
eropenem (8 mg/L); and resistant to amoxicillin (> 16 mg/L), van-

omycin (> 8 mg/L), ciprofloxacin (> 2 mg/L), ertapenem (> 2 mg/L),
osfomycin (> 32 mg/L), clindamycin (> 2 mg/L) and doxycycline
> 8 mg/L). The full-body CT-scan did not show any visceral lesion.
he antibiotic therapy was adapted with linezolide and cotrimoxa-
ole for one month and then cotrimoxazole alone for 12 months. At
he final follow-up, the patient was  in a good neurological condi-
ion with a remaining slight cerebellar syndrome (modified Rankin
cale 1) and the brain MRI  showed no evidence of relapse (Fig. 1B3).

. Literature review

.1. Database research

The primary research yielded 374 articles and 250 articles after
emoval of duplicates. During the first screening, 13 articles were
xcluded because they were not written in English and 13 other
rticles because they were not found. Among the 224 remaining

rticles which were read entirely, 106 were excluded because of a
rong pathogen, 31 because they were not directly relevant to our

ubject and 29 because there was  no cerebral involvement. Finally,
e  kept 58 articles for this review [5,8–10], among which 54 articles
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Fig. 2. Medline based systematic review on No

case reports (1 to 3 patients) were included in the quantitative anal-
ysis because of the presence of extractable individual data (Fig. 2,
Online material Table S1)S1–S54.

4.2. Epidemiology

A total of 58 patients were included in this review with a mean
age (±SD) of 56 ± 16 years-old and a male to female sex ratio
of 1.85 for 1. Seventy-four percent of the patients (n = 43) were
immunocompromised. Corticosteroids were responsible for 47%
of the cases (n = 27), followed by chemotherapies and targeted
therapies in 26% of the cases (n = 15). The most common immuno-
suppressive diseases were connective tissue diseases and vasculitis
which accounted for 21% of the cases (n = 12), followed by diabetes
in 15% of the cases (n = 9), organ transplant in 12% of the cases (n = 7)
and malignancy in 12% of the cases (n = 7) (Table 1).

4.3. Clinical presentation

Eighty-one percent of the patients (n = 47) presented neurolog-
ical symptoms. The most commonly reported symptoms of central
nervous system involvement were signs of intracranial hyperten-
sion in 50% of the cases (n = 29), focal signs in 50% of the cases

(n = 29), seizures in 19% of the cases (n = 11). Nineteen percent of
the patients (n = 11) presented with severe symptoms of intracra-
nial hypertension (drowsiness or coma) and 9% of the patients
presented with meningismus. Thirty-four percent of the patient

•
•
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 farcinica cerebral abscess: PRISMA flowchart.

n = 20) presented with fever. The classic triad of fever, headaches
nd focal deficit was  reported in only 7% of the patients (n = 4).

 typical meningeal syndrome was  reported in 5% of the cases
n = 3) and was related to the periventricular location of the abscess
Table 1).

Laboratory tests revealed elevated WBC  count in 36% of the cases
n = 21) while it was reported as normal in 17% of the cases (n = 10);
RP was  elevated in 19% of the cases (n = 11) and normal in 12% of
he cases (n = 7).

.4. Neuroimaging

N. farcinica central nervous involvement consisted in (Fig. 3,
able 1):

a single abscess in 59% of the cases (n = 34). Fifty-two percent of
the cases (n = 30) were supratentorial and 7% (n = 4) were located
in the posterior fossa;
among patients with a single abscess, three (5%) presented a sin-
gle small periventricular abscess. These 3 patients presented with
a clinical picture of meningitis including headaches, fever and a

biological inflammatory syndrome, and their CSF culture from
lumbar puncture was positive for N. farcinica;
two  abscesses in 9% of the cases (n = 5);
multiple abscesses in 28% of the cases (n = 16);
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Table  1
Patients’ characteristics.

Characteristic Number Percentage/standard deviation

Total patients 58
Mean age 56 ±16
Sex  ratio ♂/♀ 1.85/1
Immunosuppression 43 74%

Corticosteroids 27 47%
Chemotherapy, targeted therapy 15 26%
Connective tissue disease, vasculitis, auto-immune disease 12 21%
Diabetes 9 15%
Organ transplant 7 12%
Haematological cancer 5 9%
Solid cancer 2 3%
Asthma 2 3%

Fever 20 34%
Neurological symptoms

Symptoms of ICH 29 50%
Severe ICH with drowsiness 11 19%

Focal symptoms 29 50%
Seizures 11 19%
Meningismus 5 9%

Cerebral abscess
Single 34 59%

Paraventricular with meningitis 3 5%
Two  5 9%
Multiple 16 28%
Infratentorial 12 21%
Multiloculated shape 31 53%
Unknown 3 5%
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Fig. 3. Different patterns of Nocardia farcinica cerebral abscess on MRI. A. Typical 

B.  Periventricular abscess with meningitis (courtesy of TC WUERZ et al., 2013 Can J
Am  J Ophtalmol Case Rep, Elsevier).

In 53% of the cases (n = 31), at least one of the abscesses
presented with a “bunch of grapes-like” shape, a characteristic
which has been reported as rather suggestive of N. farcinica
related abscess in the literature. All the authors reported the
lesions to be ring-enhanced after gadolinium injection. The
majority of them reported large perilesional vasogenic cerebral
edemaS7,S10,S12,S14,S17,S18,S20,S22-S24,S27,S33,S37,S38,S44,S45,S47,S49-S51,
with sometimes edema of an entire lobeS10,S27. Surprisingly, there
were only few references to the restricted diffusion character of
the center of the lesion in apparent diffusion coefficient (ADC)
weighted imaging: three authors clearly reported restricted diffu-
sion of a large abscessS22,S38,S54 and one author reported restricted
diffusion in a case of multiple small brain abscessesS48. One author
reported elevated lipids and lactate concentration on spectroscopy
MR which is suggestive of a brain abscessS34. Two authors reported
hemorrhagic abscessesS13,S22. There was no reference to perfusion-

weighted MRI  in this review. One author reported leptomeningeal
enhancement in a case of multiple cerebral abscessesS37 but there
was no patient suffering from empyema in this review. Another
author reported a beginning ventriculitis in a case of wide parietal

•
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 multiloculated abscess (courtesy of N BEUCLER et al., 2020 Rev Neurol., Elsevier).
 Dis Med Microbiol, Hindawi). C. Multiple abscesses (courtesy of S PURI et al., 2018

ultiloculated abscess extending to the ventricular trigone; in
hat case, the diagnosis was  made with lumbar punctureS50.

Other infection sites included pseudotumoral visceral lesions
n the kidneysS16 and adrenal glandsS22,S25, the skinS4,S25, the

usclesS25,S29, the eye with choroiditis,S8 retinal abscessS48

r global eye involvementS18, spondylodiscitisS16,S42, arthritisS4,
hyroidS16 and one case of infective endocarditisS44.

.5. Microbiological documentation and neurosurgical procedure
hoice

Neurosurgical procedures were performed as follows
Tables 2a and 2b):

forty-five percent of the patients (n = 26) underwent surgical exci-
sion of the abscess as a first-choice procedure. Eight percent of

these patients (n = 2) required surgical revision (two surgical exci-
sions) and 92% (n = 24) presented a favourable outcome;
twenty-two percent of the patients (n = 13) underwent needle
aspiration as a first-choice procedure, among which 31% (n = 4)
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Table  2a
Neurosurgical procedures and other microbiological documentation sites.

Characteristics Number Percentage

Patients 58
Neurosurgical procedure 42 72%

Surgical excision as a first choice 26 45%
Surgical revision 2 8%
Deceased 2 8%

Needle aspiration as a first choice 13 22%
Surgical revision 4 31%
Deceased 3 23%

Stereotactic biopsy as a first choice 3 5%
Surgical revision 0 0%
Deceased 1 33%

Other microbiological documentation 16 28%
Lumbar puncture (periventricular abscess) 3 5%
Blood cultures 3 5%
Lung 2 3%
Muscle 2 3%
Subcutaneous 2 1.5%
Visceral 2 3%
Chest wall 1 1.5%
Sputum 1 1.5%
Thyroid 1 1.5%
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Eye enucleation 1 1.5%
Diagnosis at autopsy 2 3%

required a second procedure (two needle aspirations and two
surgical excisions). Seventy-seven percent (n = 10) presented a
favourable outcome;

• five percent of the patients (n = 3) underwent stereotactic biopsy;
• three percent of the patients (n = 2) required an external ven-

tricular drain for acute hydrocephalus, and it was followed in
one patient by secondary hydrocephalus with implantation of a
ventriculoperitoneal shunt.

The few authors who reported the intraoperative aspect of
N. farcinica cerebral abscess described a thick-walled lesion filled
with yellowish pusS10,S14,S23,S29,S33,S42,S45.

Patients with only one or two cerebral abscesses were oper-
ated on in 80% of the cases (n = 31/39) and presented a favourable
outcome in 84% of the cases (n = 26/31). Patients with multi-
ple abscesses were operated on in 50% of the cases (n = 8/16);
in such case, they presented a favourable outcome. The patients
with multiple abscesses who were not operated on benefited from

microbiological documentation in an extracerebral site (n = 7) or at
autopsy (n = 1) with a fatality rate of 38% (n = 3/8).

Twenty-eight percent of the patients (n = 16) benefited from
microbiological documentation in an extracerebral site, among
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Table 2b
Procedure choice depending on the number of cerebral abscesses.

Single abscess 2 ab

Surgical excision 18 3 

Favourable 17 2 

Death  1 1 

Needle  aspiration 7 1 

Favourable 6 0 

Death  1 1 

Stereotactic biopsy 2 0 

Favourable 1 0 

Death  1 0 

Documentation from another organ 2 1 

Favourable 2 1 

Death  0 0 

Lumbar puncture for paraventricular abscess 3 0 

Favourable 2 0 

Death  1 0 

Autopsy 1 0 

Unknown 1 

Total  34 (59%) 5 (9

98
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hom 63% (n = 10/16) did not benefit from any neurosurgi-
al procedure and were diagnosed with N. farcinica cerebral
bscess based upon extracerebral samples exclusively. Among
he patients who  benefited from extracerebral documentation
xclusively, 80% (n = 8/10) presented a favourable outcome. Extrac-
rebral documentation sites included CSF from lumbar culture
n case of periventricular abscess with meningitisS31,S36,S50, lung
iopsyS17,S36 or culture of sputumS15, biopsy of pseudotumoral
isceral abscessS22,S49, biopsy of subcutaneous abscessS25,S41,
r chest wallS9, muscle abscessS29,S53, thyroid abscessS16, eye
nucleationS18, and finally blood cultureS4,S16,S37.

.6. Microbiological identification

Bacterial identification was reported in 38% of the
atients (n = 22/58). It was  realized in 90% of the patients
n = 20) with 16s ribomosal DeoxyRibonucleic Acid (rDNA)
equencingS11,S13,S15,S16,S19,S22-S24,S29,S31,S33,S34,S38,S39,S45,S46,S50,S53,
n one patient with MultiLocus Sequence Analysis (MLSA)S36, and
n one patient with MALDI-ToF mass spectrometryS43. In two
atients, identification using mass spectrometry did not allow
roper identification of the species and definitive identification
ith 16s rDNA sequencing was  necessaryS45. Of note, there was

ne case of multibacterial abscesses in a 53-year-old man  suffering
rom chronic obstructive pulmonary diseaseS47. He benefited
rom surgical excision of one of his five abscesses which revealed
. farcinica and he was treated with imipenem, linezolid and
otrimoxazole. His neurological status worsened; thus, a second
urgery was carried out revealing Enterococcus faecium, and
ancomycin was  added. The patient benefited from the surgical
xcision of the five abscesses and from a combined intravenous
ntibiotic therapy for 4 months, which was  adapted with oral
iprofloxacine for one year.

.7. Medical management

N. farcinica displayed in vitro resistance to cotrimoxa-
ole in ten percent of the cases (n = 6) [11,12] ,S6,S20,S45,S52;
owever, this antibiotic was  successfully employed in
5% of the cases (n = 26/58) with a favourable outcome
5,10,11]S3,S7,S12,S14,S15,S18,S21-S25,S27–S29,S31,S33,S34,S36,S37,S44–S46,S48.
he other efficient broad-spectrum antibiotics against

. farcinica were linezolid, amikacin, imipenem and
eropenem. They were most of the time associated with

otrimoxazole during initial intravenous antibiotic therapy.
. farcinica strains were also most of the time susceptible to

scesses Multiple abscesses Unknown Total

4 1 26 (45%)
4 1 24 (92%)
0 0 2 (8%)
3 2 13 (22%)
3 1 10 (77%)
0 1 3 (23%)
1 0 3 (5%)
1 0 2 (67%)
0 0 1 (33%)
7 0 10 (17%)
5 0 8 (80%)
2 0 2 (20%)
0 0 3 (5%)
0 0 2 (67%)
0 0 1 (33%)
1 0 2 (3%)

1 (1.5%)
%) 16 (28%) 3 (5%) 58
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amoxicillin-clavulanate [5,10]S10,S13,S15,S21,S22,S34,S36,S50 and
minocycline [10]S4,S10,S21,S34,S42. They were given alone, com-
bined together or with cotrimoxazole as a long-term oral antibiotic
therapy.

The reported side effects concerning cotrimoxazole included
allergy in 7% of the cases (n = 4/58) of patientsS4,S14,S24,S28, throm-
bocytopenia or pancytopenia in 5% of the cases (n = 3/58)S27,S32,S51,
and finally hyperkaliemiaS27. Two patients were switched
to minocycline, one patient was switched to ciprofloxacin-
sulfadiazine, and two patients benefited from desensitization.
Imipenem was reported to cause seizures in one patient and was
stoppedS24.

5. Discussion

5.1. The importance and aggressiveness of Nocardia farcinica
cerebral abscess

Recent case series oftentimes identify N. farcinica as one of the
most frequently encountered Nocardia subspecies in human infec-
tion, along with N. cyriacigeorgica (formerly N. asteroides type VI
[5,13]) and N. nova [5,10,14,15]. What is more, N. farcinica appears
to present the highest tropism for CNS involvement among Nocar-
dia subspecies [14]. Last, this review is in line with the literature
which supports that N. farcinica could be the pathogen with the
highest multiple-antibiotic-resistance profile among all Nocardia
subspecies [5,10]. For the abovementioned reasons and to ensure
some homogeneity in the present study, we purposely chose to
focus this review on N. farcinica cerebral abscess. Therefore, this
work is to be interpreted with caution in case of cerebral abscess
caused by another Nocardia subspecies.

5.2. Previous series in the literature

Our series follows previous research concerning N. farcinica
cerebral abscess regarding the patients’ mean age around 57 years-
old [16] and the sex ratio of two to three males for one female
[8,10,16,17]. The patients in previous series were reported to be
immunocompromised in two-third of the cases which is consis-
tent with our findings [3,5,8–10,16,17]. The immunocompromised
male patient around 60-years-old seems to represent the target
population of N. farcinica cerebral abscess.

5.3. Cerebral nocardiosis, clinical presentation

Disseminated N. farcinica infection with cerebral abscess is a rare
disease and thus an unusual diagnosis for most clinicians. Clinical
presentation is comparable to that of a brain metastasis with symp-
toms of intracranial hypertension, focal deficits and seizures [18].
In one-third of the cases, the presence of fever and an inflamma-
tory syndrome may  help to evoke the diagnosis of cerebral abscess;
however, the clinician should not rely on their presence considering
their uncertain character [19].

5.4. Neuroimaging patterns as an orientation for microbiological
documentation

N. farcinica cerebral abscess displays three different imaging
patterns (Fig. 3). The most typical one is a single multiloculated
“bunch of grapes” lesion with centre restricted diffusion on brain
MRI  which is present in half of the cases; more rarely, there may

be two cerebral abscesses. Otherwise, N. farcinica cerebral involve-
ment may  result in multiple small cerebral abscesses which can
also display restricted diffusion. Lastly, there can be a single small
paraventricular abscess with a compelling meningeal syndrome;
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n such case the abscess is believed to regularly release bacterial
ontent within the ventricular system. This neuroimaging clas-
ification, which is illustrated in Fig. 3, serves a diagnosis and a
herapeutic purpose:

N. farcinica cerebral abscess carries significant morbidity and
mortality rates. As such, it should be considered as a diagnostic
emergency and the patients requiring a neurosurgical procedure
because of a large or symptomatic multiloculated abscess should
be referred promptly thanks to a “blink-of-the-eye” diagnosis;
second, it appears that patients suffering from a single or two
cerebral abscesses could be eligible for a neurosurgical procedure
as part of the treatment. At the opposite, patients with multiple
cerebral abscesses or with a small paraventricular abscess with
meningitis don’t usually require any neurosurgical procedure
apart from a possible temporary external ventricular drain, and
should benefit from microbiological documentation from another
organ including lumbar puncture.

Multimodal MRI  serves as a diagnostic orientation tool in such
ontext [20]. In diffusion-weighted imaging, the center of brain
bscesses in capsule stage usually displays lower ADC values com-
ared to brain metastases, even necrotic ones. On  the same way, the
bscess’ capsule displays lower relative cerebral blood flow (rCBV)
alues than the tumor’s wall of brain metastases on perfusion-
eighted MRI. Spectroscopy MR  is neither sensitive nor specific

o differentiate cerebral abscesses from brain metastases, although
t may  show a trend for different resonance peaks (mainly amino-
cids, lipids and lactates).

In the light of this review, N. farcinica cerebral abscess displays a
ing-enhanced capsule, center restricted diffusion, and large perile-
ional vasogenic cerebral edema when multimodal MRI  is carried
ut; these characteristics are MRI  features highly suggestive of
rain abscess. Thus, we  consider multimodal MRI as essential, in
ddition to morphologic criteria such as the multiloculated charac-
er of the lesion, to give rise to the radiologic suspicion of N. farcinica
nd to hasten the necessary microbiological documentationS54. The
nalysis of perfusion-weighted imaging is of great support for the
ifferential diagnosis with brain tumors and should be performed

n a systematic way.

.5. Microbiological documentation

Along with N. brasiliensis and N. otitidiscaviarum, N. farcinica
ften displays a high antibiotic resistance profile [4,13]. The
linician must look for the safest organ in order to obtain micro-
iological documentation. Thus, all the patients with suspected
ocardiosis must benefit from prompt computed tomography
f the thorax, abdomen and pelvis and brain MRI  before any
nvasive procedure. Given its multiloculated shape and its asso-
iation with pseudotumoral visceral lesions, N. farcinica cerebral
bscess can be easily mistaken for a gliomaS12,S21,S45, a brain
etastasisS7,S12,S19,S24,S47 or cerebral toxoplasmosisS19,S28 partic-

larly in case of HIV-positive patient. The case by Iannotti et al.
oncerning a 53-year-old man  with history of smoking, who pre-
ented with a lung nodule and a temporo-parietal multiloculated
esion causing mixed aphasia is a concrete example of difficult dif-
erential diagnosis. Lung biopsy was negative for malignancy, and
he patient underwent an awake surgery for removal of the lesion in
loquent speech area which was  found to be a nocardial abscessS24.

.6. Neurosurgical procedure choice
A neurosurgical procedure is necessary in the absence of doc-
mentation or in case of large symptomatic cerebral abscess with
ass effect [3,9]; particular attention must be given to abscesses
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Fig. 4. Left: comparison of the surgical revision rate between the surgical excision gro
the  surgical excision group and the needle aspiration group. Chi2 test for categorica

located in posterior fossa which can cause rapid posterior fossa
hypertension and obstructive hydrocephalus. A consensual cut-off
size of more than 2.5 cm is generally admitted for cerebral abscesses
requiring surgery in addition to antibiotic therapy, regardless of the
symptoms [21–24].

The prognosis of brain abscess has made tremendous progress
with recent advances in neuroimaging, neurosurgical techniques,
and antibiotic therapy [19,25]. Yet, the optimal strategy between
needle aspiration and surgical excision is still a matter of debate.
The procedure’s choice remains at the discretion of the surgeon,
taking into account the patient clinical status, the size of the abscess
and the level of brain swelling and compression. Until the 1970s
and the advent of computed tomography, needle aspiration of brain
abscess was associated with high mortality rates. On the same way,
open craniotomy for the surgical excision of cerebral abscess suf-
fered from significant morbidity and mortality until the late 2000s
with the development of microsurgical techniques and neuronav-
igation systems [26]. Nowadays, modern case series tend to prove
that open craniotomy with surgical excision of the abscess may
be beneficial both for the local control of the infection, with less
abscess recurrence, and for antibiotic therapy duration [22,24].
Besides, some authors advocate open craniotomy for thick pus-
filled or multiloculated abscesses [19,21].

For the abovementioned reasons, we believe that extracapsular
one-piece excisional surgery can be beneficial for the local control
of the infection in N. farcinica cerebral abscess which is generally
thick-walled, multiloculated, and requires a long-term antibiotic
therapyS1,S23,S37,S47,S54. In this series, the patients who  benefited
from surgical excision of the abscess presented a trend towards
a lower recurrence rate (8% versus 31%, P = 0.06) and towards a
lower mortality rate (8% versus 23%, P = 0.18) than the patients who
benefited from needle aspiration (Fig. 4).

5.7. Cerebral nocardiosis, mortality

In this series, there was a mortality rate of 19% (n = 11/58) with
a mean age of 59-years-old. Among these patients, only 55% were
operated on (n = 6/11), most of the time in a less aggressive manner
(three needle aspirations, two surgical excisions and one stereotac-
tic biopsy). Sixty-three percent of these patient (n = 7/11) seemed
to present poor prognosis factors such as posterior fossa abscess
(n = 3), multiple abscesses (n = 3), deep abscesses located in the
basal ganglia (n = 2), periventricular abscess with meningitis (n = 1)
or extreme age (n = 1, 91-years-old). These factors seemed quite
similar to the ones included in the Graded Prognostic Assessment

score for brain metastases [27], and could be of some help for the
medical team in order to decide which patient is eligible for a neu-
rosurgical procedure. Yet, because of the design of this study which
lacks power, these considerations cannot be generalized.
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d the needle aspiration group, and (right) comparison of the mortality rate between
bles; a two-sided P-value ≤ 0.05 is considered to indicate statistical significance.

.8. Medical management

N. farcinica cerebral abscess is part of a disseminated disease.
espiratory support may  be required in case of serious pulmonary

nfection, or in case of neurological impairment secondary to the
bscess’ mass effect of epilepsy. Apart for microbiological docu-
entation, there was no need for surgery in pseudotumoral visceral

esions in this review.
N. farcinica cerebral abscess requires a combined intravenous

ntibiotic therapy during four to eight weeks followed by long-term
ral antibiotic therapy for at least six months. In the light of the
eview, cotrimoxazole represents the first-choice antibiotic agent
or the pathogen and can be used alone as a long-term oral antibiotic
herapy. Some authors have raised a discrepancy between in vitro
nefficiency of cotrimoxazole and favourable clinical course, and
ave advocated the use of cotrimoxazole for N. farcinica cerebral
bscess regardless of its in vitro activityS39.

.9. Limitations of the study

There were some limitations to this work. This was  a retro-
pective study focused on case reports; consequently, there was a
eporting bias in favour of the patients with a favourable outcome,
nd also a measurement bias during the collection of the informa-
ion. A few case series could not be included in the quantitative
nalysis because of missing individual data with the loss of at least
ight patients [5,8,9].

On the other hand, this was  the largest series focused on
. farcinica cerebral abscess. Our data regarding surgical treatment
nd associated outcome were comparable to previously published
eries focused on cerebral abscess, and indicate a preference for
urgical excision although this was  not significant [19,22,24,25].

. Conclusion

N. farcinica disseminated disease is a life-threatening infection
hich usually occurs in 60-years-old immunocompromised male
atients. The brain is a frequent metastatic site of the infection,
ftentimes in the form of a single thick-walled multiloculated
bscess. Multimodal cerebral MRI  with diffusion and perfusion-
eighted imaging is necessary to give rise to the radiologic

uspicion of brain abscess in patients with history of pneumonia.
 neurosurgical procedure becomes mandatory in the absence of
icrobiological documentation or in case of a large or symptomatic

bscess. In the light of this review, we would recommend aggressive
urgical excision as a first-choice procedure considering the better

ocal control of the infection and the rather good outcome of the
atients. N. farcinica cerebral abscess is part of a systemic disease
nd requires multidisciplinary management and long-term antibi-
tic therapy with cotrimoxazole in order to achieve a favourable
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outcome. Multicentric prospective trials will be very difficult to
conduct on such a rare entity.
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