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PDespite recent advances in neuroimaging, differentiation between cerebral abscesses and necrotic tumors with ringtype contrast enhancement can be puzzling at times. The introduction of advanced imaging techniques, such as diffusion-weighted imaging, has contributed to the identification of cerebral abscesses. However, differentiation may be
impossible with imaging only. In this review the authors evaluate the role of proton magnetic resonance (MR) spectroscopy in differentiating between cerebral abscesses and necrotic tumors and address the spectral characteristics of
intracranial abscesses. A large number of metabolites not detected in the normal brain spectra may be detected and give
valuable information regarding the nature of the abscesses. Proton MR spectroscopy is a safe, noninvasive diagnostic
modality, which could significantly increase the accuracy and specificity of conventional MR imaging in differentiating between malignant tumors and cerebral abscesses and provide valuable information regarding the cause of an
abscess, as well as, its response to the chosen treatment. (DOI: 10.3171/FOC/2008/24/6/E7)
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T IS WELL KNOWN that abscesses represent ~ 1–2% of all
intracranial space-occupying lesions in the developed
countries.13 This percentage rises to 8% in developing
countries.13 Recently, there has been a well-documented
increased incidence of intracranial abscesses in the developed world due to the exponentially increasing number of
immunocompromised patients.
Although intracranial abscesses are still seen relatively
infrequently—about 50 times less frequent than tumors—
the associated high rates of complications and mortality
makes their prompt diagnosis crucial even in the current
antibiotic era.47,49 The lack of any clinical signs in ~ 50% of
patients with intracranial abscess, and the presence of nonspecific clinical signs or symptoms in the majority of
symptomatic patients make the diagnosis difficult.16 In
addition, other lesions such as malignant brain tumors of
primary or metastatic origin that have similar space-occupying characteristics, but distinctly different management
and prognostic implications, are not always easy to differentiate accurately and reliably before surgery.36 The neuroimaging techniques typically used (computed tomogra-

I

Abbreviations used in this paper: ADC = apparent diffusion coefficient; DW = diffusion-weighted; MR = magnetic resonance;
NAA = N-acetyl-aspartate; PCr/Cr = phosphocreatine/creatine.
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phy and MR imaging) in a large number of cases cannot
safely differentiate between an intracranial abscess, a cystic/necrotic glioma, a cystic/necrotic metastatic lesion, and
a primary central nervous system lymphoma.19,21,28,33,35,50
Despite the introduction of newer MR techniques such
as DW imaging, the problem of distinguishing cerebral
abscesses from necrotic or cystic brain tumors remains
unresolved.37 Although brain abscesses are associated with
a high signal intensity on DW imaging and a reduced ADC
value, while brain tumors usually manifest a low DW signal and high ADC value, there are reports of abscesses with
low signal on DW imaging and high ADC values, or
tumors with increased signal on DW imaging and low
ADC values.31,37
This puzzling diagnostic dilemma could be less perplexing if the biochemical profile of these structurally confusing space-occupying lesions could be evaluated with noninvasive imaging techniques. Proton MR spectroscopy has
been used to study the biochemical behavior of normal
brain development, neonatal hypoxic–ischemic injury,
inborn errors of metabolism, temporal lobe epilepsy, Alzheimer disease, demyelinating diseases, and intracranial
tumors, and to differentiate between radiation necrosis and
recurrent tumor with varying accuracy (Figs. 1 and
2).6,9,24,40,41,43,45,46,48,53,56 Certain technical limitations to this
noninvasive method, such as frequent contamination of the
1
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In the present study, we review the literature on the role
of proton MR spectroscopy in the preoperative evaluation
of space-occupying, ring-enhancing lesions and present the
features characterizing the spectroscopic profile of intracranial abscesses.
Literature Review
Technical Limiting Factors

FIG. 1. Single voxel normal brain spectrum obtained with a
1.5-t MR unit (Signa HS, GE).

obtained spectrum, high signal-to-noise ratio, spectrum
alteration caused by adjacent bone structures, and changing
spectroscopic software packages, were responsible for the
significant variations observed between the results of different clinical series.11,12,39 The improvement of the software
and the accumulating experience with this methodology
have transformed it into a useful and accurate noninvasive
imaging modality with clinical applications, not only into
brain tumor analysis, but also in studying a wide range of
pathological intracranial conditions.11,12,24,46

The clinical use of proton MR spectroscopy has increased exponentially with the improvement of spectroscopy software packages and increased understanding of the
technical limitations and pitfalls of this noninvasive diagnostic modality.6,11,12,24,40,41,43,45,46,48,53,56 The early observations
of wide variations in the efficacy of this modality in its clinical application in series of intracranial tumors, cerebral
infarctions, or demyelinating lesions has been replaced
with results characterized by high accuracy and reproducibility.6,11,24,40,43,45,46,48,53,56 The avoidance of signal contamination by appropriate localization of the studied voxel is of
paramount importance for accurate spectroscopic analysis.
It is widely accepted that even the slightest malposition of
the voxel (a 1-cm voxel shift) results in 50% signal contamination of the obtained spectrum from a hypothetical
spherical lesion with 2-cm diameter. It should be emphasized that particularly in suspected abscesses, the voxel
must be appropriately placed at the center of the studied
lesion.2,27 In addition, exclusion of calcifications, necrotic
areas, and adjacent bone structures from the voxel are key
elements in obtaining an accurate proton MR spectroscopy
spectrum.11 Despite all the advances provided by the available spectroscopy software, this method requires the patient’s cooperation and an experienced spectroscopist for
obtaining and interpreting the raw data.39,54

FIG. 2. Single voxel spectrum of a high-grade glioma obtained using a 1.5-t MR unit (Signa HS, GE) demonstrating
total absence of NAA and an increased Cho/PCr ratio.
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FIG. 3. a. T2-weighted MR image showing a right frontal lobe lesion surrounded by edema. b. Diffusion-weighted
image demonstrating decreased diffusion of the lesion indicative of a brain abscess. c. Single voxel spectrum obtained in
the same patient (1.5-t unit, Signa HS, GE).

Diagnostic Accuracy

Spectral Characteristics

Proton MR spectroscopy has been utilized quite successfully in the differential diagnosis of intracranial cystic/
necrotic lesions.8,17,23,26,30,38,39,42,44,52 The accuracy of this safe
diagnostic tool has improved progressively since its introduction to the study of intracranial abscesses in 1994.7,20,29
In a clinical prospective analysis conducted in 51 patients
with intracranial cystic lesions that appeared similar on
conventional MR imaging, Shukla-Dave et al.52 found that
in vivo proton MR spectroscopy could accurate identify the
underlying lesion in 92% of their cases. These results were
confirmed on histopathological analysis and/or cultures obtained via an open craniotomy or stereotactic biopsy.
Similarly in a large clinical study which included 98 patients with intracranial mass lesions, Poptani et al.44 reported 89% diagnostic accuracy with proton MR spectroscopy.
In a prospective clinical study including 120 patients with
intracranial lesions published by our group, we likewise
reported a diagnostic accuracy of 85.6% with proton MR
spectroscopy.11 Lai et al.31 evaluated the role of proton MR
spectroscopy in the differential diagnosis of intracranial
cystic mass lesions in a recent study and concluded that
proton MR spectroscopy can significantly increase the
diagnostic accuracy of conventional MR imaging. These
authors found that the diagnostic accuracy, sensitivity,
specificity, and the positive and negative predictive values
of conventional MR images were 61.4, 61.9, 60.9, 59.1,
and 63.3%, respectively, while the respective rates for proton MR spectroscopy were 93.2, 85.1, 100, 100, and
88.5%. Moreover, they reported that the addition of DW
imaging increased the diagnostic accuracy further to
97.7%, the sensitivity to 95.2%, the specificity to 100%, the
positive predictive value to 100%, and the negative predictive value to 95.8%. Mishra et al.37 compared the DW
imaging technique with proton MR spectroscopy analysis
of ring-enhancing intracranial cystic mass lesions and
found that the sensitivity of the former was 0.72 and its
specificity 1, while the values for the latter were 0.96 and
1. Moller-Hartmann et al.38 reported that the addition of
proton MR spectroscopy increased the diagnostic accuracy
of conventional MR imaging by 15.4% in their series.

The spectral characteristics of intracranial abscesses can
be summarized as follows: absence of NAA (detected at
2.0 ppm), absence of choline (detected at 3.2 ppm); absence of PCr/Cr (detected at 3.0 ppm), presence of cytosolic amino acids such as leucine, isoleucine, and valine
(detected at 0.9 ppm); presence of lactate (detected at 1.3
ppm), acetate (detected at 1.92 ppm), succinate (detected at
2.4 ppm), and alanine (detected at 1.5 ppm); and occasionally lipids (mostly short-chain fatty acids such as butyric,
isobutyric, caproic, propionic, valeric, and isovaleric acids,
detected at 0.8–1.2 ppm; Fig. 3).5,7,8,10,11,14,18,19,23,25,26,30,32,36,38,
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39,42,46,47,51,52,58

Cerebral abscesses contain no normal neurons.11,32
Therefore, no peaks of NAA or PCr/Cr should be detected.
The detection of any NAA or PCr/Cr in a spectrum obtained from an abscess is indicative of either signal contamination or erroneous interpretation of an acetate peak as
NAA.23 Similarly, no choline peak is present in an abscess’s
spectrum because there are no membranous structures in
the necrotic lesional center.11,32 Cytosolic amino acids (leucine, isoleucine, and valine) are usually detected in cerebral
abscesses.11,14,23,30,32,39,47,52,58 The detected amino acids are the
products of proteolysis caused by enzymes released from
neutrophil cells.23,32,47 Because these metabolites have never
been detected in neoplasms, their detection is strongly
indicative of a cerebral abscess.32 However, it must be emphasized that discriminating between lipids (usually detected at 0.8–1.2 ppm) and cytosolic amino acids (usually
detected at 0.9 ppm) is of paramount importance because
lipids may exist in both necrotic glial tumors and abscesses.30,32 The use of a TE of 135 and J coupling can help differentiate cytosolic amino acids from lipids.32 Cytosolic
amino acids have also been detected in spectra obtained
from neurocysticercosis lesions.1,57 Nevertheless, this finding is not confusing because the spectrum of cysticercosis
is overall quite different, with characteristic concomitant
increased concentrations of choline and PCr/Cr.1 In addition, Agarwal et al.1 have demonstrated that the presence of
higher levels of succinate than acetate can differentiate cysticerci from anaerobic cerebral abscesses.35 Increased con3
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centrations of lactate are found in abscess spectra.11,16,32 It is
well known that bacterial fermentation of glucose—via the
Embden–Meyerhof metabolic pathway—produces a large
pool of pyruvate, which is then converted to lactate.46 Acetate may be produced during heterolactic fermentation, propionic acid fermentation, or mixed acid fermentation.32 The
detection of acetate depends on the presence of acetyl-coenzyme A. Therefore, detection of acetate in variable concentrations suggests an abscess of bacterial origin.32,46 In
addition, succinate is a product of propionic acid fermentation and mixed acid fermentation in various anaerobic bacteria.32,47 The presence of succinate has therefore been seen
by most investigators as evidence of anaerobic bacterial activity.23,32,46,58 The presence of acetate and succinate peaks
has been associated with pyogenic brain abscesses, especially those involving obligate anaerobes or a mixture of
obligate and facultative anaerobes.13,23,32,46 On the other
hand, the absence of acetate and succinate has been associated with abscesses caused by aerobes and facultative
anaerobes.13,32 These findings can be explained by the fact
that the pyruvate produced from glycolysis follows the tricarboxylic acid cycle.13,32 Alanine may be occasionally detected in abscess spectra; however, the specificity of this
marker is limited because is it also detected in increased
concentrations in meningiomas.42
Spectra obtained in abscesses should be differentiated
from other lesions with similar conventional MR imaging
characteristics. To differentiate abscesses from high-grade
gliomas (anaplastic astrosytoma or glioblastoma multiforme), the detection of PCr/Cr in the later is of paramount
importance.12,16,23,27,30,33,42,43,52 This metabolite is always detectable in gliomas but is not detected in abscesses.12,16,
23,27,30,33,42,43,52
Similarly, the absence of choline can further
help in establishing the diagnosis of an abscess, because
choline production is increased in high-grade tumors due to
increased membranous structures in these tumors.11,12 Lipids may be detected in both lesions.12,15,16,23,27,30,33,42,43,52 Similarly, lactate (a product of anaerobic glycolysis) can be
found both in brain abscesses and in high-grade glial tumors, and its presence cannot serve as a pathognomonic
spectroscopic marker.11
Likewise, increased concentration of choline can be
helpful in differentiating between abscesses and lymphomas because this metabolite is always increased in lymphomas and absent in abscesses.9 The detection of lipids
cannot help in differentiating between them.9,15 Chang et
al.8 have reported that spectroscopic analysis of lymphomas
in patients with AIDS demonstrated markedly increased
concentrations of choline, and mildly to moderately elevated concentrations of lactate and lipids.
Identification of Causative Agent

The role of proton MR spectroscopy is not limited to
providing a prompt diagnosis of abscess. This modality can
also offer valuable information useful in the identification
of the causative organism. Lai et al.32 described 3 spectroscopic patterns of pyogenic cerebral abscesses. Pattern A,
characterized by the presence of lactate, cytosolic amino
acids, alanine, acetate, succinate, and lipids, is mostly associated with obligate anaerobes or a mixture of obligate and
facultative anaerobes. Spectroscopic Pattern B, characterized by the presence of lactate, cytosolic amino acids, and
4

the occasional presence of lipids, is mostly associated with
obligate aerobes and facultative anaerobes. Finally, Pattern
C is characterized by the presence of lactate and is associated with Streptococcus spp. Himmelreich and colleagues22
have reported that abscesses due to Staphylococcus infection had characteristic peaks from lipids and lactate. This
finding has apparent clinical impact on the early selection
of the appropriate antibiotic treatment in patients with abscesses.
The reported spectral characteristics of tubercular cerebral abscesses can be summarized as increased concentrations of lipids and phosphoserine.7,34,43 The spectral characteristics of fungal abscesses remain undefined. Luthra et
al.34 reported that cytosolic amino acids and lactate were
detected in the majority of the fungal abscesses they treated, while lipids and lactate or lactate alone were found less
consistently in their series. Interestingly, a peak at 3.6 and
3.8 ppm representing trehalose was observed in the majority of their fungal abscesses (a component of the fungal
wall). Soto-Hernández and colleagues55 reported on the
spectral characteristics of Nocardia abscesses and found
that cytosolic amino acids and lactate were the only detected metabolites (Table 1). Before closing the discussion regarding the spectral signature of an abscess, we must emphasize that the obtained spectrum can be influenced not
only by the bacterial strain itself but also by the regional tissue oxygen and CO2 partial pressures, as well as the regional tissue glucose concentration.23
Evaluation of Abscess Evolution

Interestingly, the observations of temporal spectral
changes published by Akutsu and associates2 can be used to
obtain valuable information regarding the response of a
studied abscess to the surgical or medical treatment applied. These authors used sequential spectroscopic analysis
of brain abscesses to detect changes in the concentrations
of metabolites. Characteristically, they found an absence of
acetate, succinate, and cytosolic amino acids after the surgical evacuation, while all of these metabolites were present preoperatively. It is apparent that as the histological
structure of an evolving cerebral abscess changes, these
changes induce biochemical changes that may be noticeable on the obtained MR spectrum. Spectroscopic analysis
can also provide information regarding the exact histological stage of the studied abscess (early compared with late
cerebritis and early compared with late capsular formaTABLE 1
Spectral characteristics of various types of abscesses*
1HMRS

Type of Abscess

pyogenic anaerobic
pyogenic aerobic
pyogenic streptococcal
pyogenic staphylococcal
tubercular
fungal
Nocardia
cysticercus

Profile

cytosolic amino acids, lipids, alanine,
acetate, succinate, & lactate
lactate, cytosolic amino acids, & lipids
lactate
lipids & lactate
lipids & phosphoserine
lipids & lactate
cytosolic amino acids & lactate
cytosolic amino acids, lactate, alanine,
acetate, succinate, & choline

* Abbreviation: 1HMRS = proton MR spectroscopy.
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tion).3,4 The noninvasive evaluation of the histological stage
of a cerebral abscess may have significant clinical impact
as this kind of information can influence the selection of the
most appropriate (medical or surgical) therapy and thus
favorably alter the overall clinical outcome in these
patients.
Conclusions
In our present study, we have shown that proton MR
spectroscopy is a safe and noninvasive imaging modality,
which, under technically advanced settings, can accurately
differentiate between necrotic/cystic tumors and cerebral
abscesses. The use of this modality in combination with
DW imaging can significantly increase the diagnostic accuracy of conventional MR imaging and provide valuable
preoperative information regarding the nature of spaceoccupying, ring-enhancing intracranial lesions. Moreover,
proton MR spectroscopy can also provide clues to the
cause of an abscess, and consequently, its likely response to
medical or surgical treatment. However, the promising role
of proton MR spectroscopy in delineating the specific causes of intracranial abscesses requires further clinical investigation and validation of the existing results.
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