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Case Report

Brain Abscess in a Patient with Rendu-Osler-Weber Syndrome:  
Value of Proton Magnetic Resonance Spectroscopy
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Brain MRI was performed by using a 1.5-T MR imaging 
unit (GE Medical Systems, Milwaukee, Wisconsin, USA) with 
a quadrature T/R head coil. Routine transverse and sagittal fast 
spin-echo (FSE) T1-weighted image (WI), transverse and cor-
onal FSE T2WI, transverse fluid attenuation inversion recovery 
(FLAIR) and diffusion weighted imaging (DWI), and post 
contrast transverse T1WIs three-dimensional fast spoiled gra-
dient (3D-FSPGR) images were acquired after intravenous 
administration of gadobutrol (Gadovist; Bayer Pharma AG, 
Berlin, Germany) at a dose of 0.1 mmol/kg of body weight. 
The images were obtained with an acquisition matrix of 256 × 
256 (128 × 128 on the DWI) and a field of view of 24 × 24 cm.

Single-voxel volume-selective water suppressed 1H-MRS 
was performed by using PROBE-PRESS sequence with  
repetition time (TR) 1,500 ms and echo time (TE) 35 ms, 
144 ms, and 288 ms, and a voxel size of 8–12 ml (mean: 10 ml) 
in the center of the lesion. We used FLAIR images to locate 
the voxels for the 1H-MRS (Figs. 1, 2).

The diagnosis of intracranial focal lesions based on 
imaging studies is a challenge. In brain abscess, proton 
magnetic resonance spectroscopy (1H-MRS) is useful to 
define etiology, differentiating anaerobic from aerobic 
pathogens and inclusive sterile abscess based on the 
behavior of certain metabolites. We report a patient 
with Rendu-Osler-Weber syndrome, pulmonary arterio-
venous fistulas, and brain abscesses characterized by 
brain magnetic resonance imaging (MRI), with a spec-
troscopy pattern compatible with anaerobic infection.
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Introduction
The differentiation between brain abscesses and other 

entities with ring-type contrast enhancement is difficult 
based only on image, because abscesses simulate other 
injuries as primary tumors or metastases. In contrast to 
magnetic resonance imaging (MRI) and computed tomog-
raphy (CT) that provide structural data, proton magnetic 
resonance spectroscopy (1H-MRS) gives completely dif-
ferent information related to neuronal integrity, cell prolif-
eration or degradation, energy, metabolism, and necrotic 
transformation of brain or tumor tissues. 1H-MRS allows 
the study of metabolites normally absent in the normal 
brain, gives information on the nature of the abscess, and 
thus increases the specificity of conventional MRI studies.1) 
1H-MRS can provide information about the cause of the 
abscess and their response to treatment, and since anaerobic 
bacteria typically have a growth pattern in culture media 
slower than aerobic bacteria, 1H-MRS can be useful in 
choosing an appropriate antibiotic therapy.2)

Case Report
A 67-year-old-woman with known rheumatoid arthritis, 

anemia, and epistaxis was referred to the emergency depart-
ment with a history of 10 days of drowsiness, clumsiness, dys-
thermia, transient loss of vision, and decreased strength in 
right limbs. Examination demonstrated right hemiparesis. She 
was referred to our institution with a brain CT that showed 
two rim enhancing lesions in left parietal and right occipital 
lobes with surrounding edema, suspecting brain metastases.

Fig. 1 a: Contrast-enhanced T1-weighted image (WI) shows a well-
defined rim enhancing intra-axial mass in left parietal and occipital 
lobes with low intensity center, b: T2WI of the same lesion demonstrate 
vasogenic edema and intermediate to slightly low signal thin rim cap-
sule, c: diffusion weighted imaging (DWI) sequence shows high signal 
intensity. d: Apparent diffusion coefficient (ADC) map of the lesion 
demonstrate restricted diffusion. 
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The diagnostic criteria are recurrent epistaxis, multiple vas-
cular dilatations, arteriovenous malformations or fistulas in 
the internal organs including lungs, liver, brain, or bone 
marrow, and a first-degree relative with the condition.3) Pul-
monary arteriovenous malformations predispose to the for-
mation of brain abscess in immunocompetent patients due to 
hematogenous spread of pulmonary infectious foci.4)

Brain abscess is a focal intracerebral infection that begins 
with a localized cerebritis and evolves to a collection of pus 
surrounded by a housing area; often caused by contiguous 
spread of infectious foci or hematogenous spread from a 
distant focus. It can occur at any age, more common in men 
than in women and the most common presenting symptoms 
are headache and altered mental status. Although there has 
been clear progress in diagnostic techniques and treatment 
in recent decades, brain abscesses still carry significant 
morbidity and mortality. Because of this, early diagnosis is 
crucial to optimize the use of antibiotics; the success of 
treatment is best when the etiologic agent is identified and 
antimicrobial therapy is targeted.5,6)

1H-MRS instead of showing the signals of the protons as 
a grayscale image based on their relative signal strength 
shows the amounts as a spectrum, and metabolites in 
greater numbers have a greater peak height or greater area 
under the peak.

Typical 1H-MRS features of brain abscesses include high 
peaks of amino acids, lactate, alanine, acetate and succinate 
and, as the abscess cavity lacks normal brain tissue, there are 
no basic brain metabolites (N-acetylaspartate, creatine, and 
choline). Rupture of the cell membranes and proteolytic 
enzymes released by neutrophils produce cytosolic amino 
acids (valine, leucine, and isoleucine), bacterial fermentation 
leads to the production of lactate, acetate and succinate; and 
necrosis produces lactate and lipids. The presence of anaer-
obic bacteria tends to cause an increase of acetate and succi-
nate while the absence thereof becomes more likely to be an 
infection by aerobic bacteria.2,7–12)

Resonances of acetate with or without succinate on 
1H-MRS favor an abscess of anaerobic bacterial origin and, 
in some cases, facultative anaerobic microbes. Nonvisibility 

Fig. 2 a: Transverse FLAIR image shows the location of the rectangular voxel placed for 1H-MRS in the occipital lobe. b–d: Single-voxel 
1H-MRS with echo times of (b) 35 msec (c) 144 msec and (d) 288 msec. The 1H-MRS spectrum shows absence of N-acetylaspartate (2.02 ppm), 
choline (3.2 ppm), and creatine (3.0 ppm) peaks, and elevation of amino acids (AA) (0.9 ppm), lactate (Lac) (1.33 ppm), acetate (Ac) (1.9 ppm), and 
succinate (Su) (2.4 ppm) peaks. Inversion of lactate peak with an echo time of 144 msec in (c). Lac/Lip: lactate/lipid. ppm: parts per million, FLAIR: 
fluid attenuation inversion recovery, 1H-MRS: proton magnetic resonance spectroscopy.

Fig. 3 Contrast-enhanced reformatted thoracic computed tomo-
graphic scan with mediastinal soft tissue window settings demonstrates 
a large pulmonary arteriovenous fistula (arrow) in the lingula.

A diagnosis of brain abscess was made, the 1H-MRS find-
ings were consistent with the presence of anaerobic bacteria 
and antibiotic therapy with cefotaxime, linezolid, and metro-
nidazole was initiated. Drainage of the abscess 3 days later 
revealed purulent content. Cultures were positive for Strepto-
coccus milleri, a facultative anaerobic gram-positive bacteria.

A thoracic CT demonstrated pulmonary arteriovenous 
fistulas up to 2 cm in diameter in middle lobe and lingula 
and the patient was diagnosed for Rendu-Osler-Weber  
syndrome (Fig. 3).

Neurological symptoms present at admission resolved. The 
patient was discharged awaiting embolization of vascular 
malformations.

Discussion
Rendu-Osler-Weber syndrome is a genetic, autosomal 

dominant disorder characterized by dilatation of small skin 
and mucosal blood vessels which leads to epistaxis and hem-
orrhage into the digestive tract. It affects 1 in 100,000 people. 
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of these resonances in anaerobic culture–positive brain 
abscesses could be explained by the relatively low concentra-
tion of these metabolites, below the sensitivity of the current 
scanner.13) Considering a molecular method like polymerase 
chain reaction as gold standard for the categorization of bac-
teria in brain abscess, Bajpai et al.14) found a sensitivity and 
specificity values of in vivo 1H-MRS in culture positive 
samples of 90% and 100% for aerobic and 87.5% and 90% 
for anaerobic detection, respectively. 

The evolution of brain abscesses can affect the 1H-MRS 
findings. Bacteria are present in the necrotic center and 
inflammatory cells are spread diffusely in the early cerebritis 
stage, while a larger necrotic center and many inflammatory 
cells characterize late cerebritis. Inflammatory cells decrease 
while fibroblasts increase in the early capsule stage, and few 
inflammatory cells are to be found in the late capsule stage. 
1H-MRS may exhibit chronological changes. Patients can 
show spectral changes on examinations before and after 
medical and surgical treatment, from the spectrum of a brain 
abscess (amino acids, acetate) to a single, nonspecific lactate 
peak. This spectral change may reflect the effectiveness of 
the treatment.15) Further studies are needed to evaluate the 
correlation of 1H-MRS with pathological staging.16)

Conclusion
It is possible to differentiate abscesses produced by anaer-

obic or aerobic bacteria based on the behavioral patterns of 
metabolites in 1H-MRS. The demonstration of amino acids 
suggests the diagnosis of brain abscess and the presence of 
acetate and succinate suggests anaerobic infection, this 
information is useful to facilitate diagnosis and therefore 
early treatment of these patients.
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