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Cerebral Nocardiosis Characterized by Magnetic Resonance Spectroscopy In Vivo Ronan J. Murray,1 Uwe Himmelreich,1,4 Lavier Gomes,2 Nicholas J. Ingham,3 and Tania C. Sorrell1,4 1



Centre for Infectious Diseases and Microbiology, University of Sydney at Westmead Hospital, and Departments of 2Radiology and 3Geriatrics, Westmead Hospital, Westmead, and 4Institute for Magnetic Resonance Research, Department of Magnetic Resonance in Medicine, University of Sydney, New South Wales, Australia



Magnetic resonance (MR) spectroscopy (MRS) increasingly has been used as an adjunct to routine MRI in the diagnosis and management of cerebral abnormalities [1–5]. MRS is a noninvasive technique that can be used to rapidly obtain a profile of the physically mobile biochemical constituents reflecting the composition of a region of interest. It readily and reliably can distinguish between acute pyogenic bacterial abscesses and neoplastic brain lesions [1, 2, 4], but its value in the diagnosis of other focal brain infections is less clear. To our knowledge, MR spectra that are characteristic of nocardial lesions have not been reported. We present a case report of an immunocompetent host with cerebral nocardiosis, the MRI findings for whom were thought to be indicative of multiple tumor metastases. MRS proved valuable in establishing that the presence of a tumor was unReceived 25 June 2001; revised 25 September 2001; electronically published 4 February 2002. Financial support: National Health and Medical Research Council of Australia (grant 153805). Reprints or correspondence: Dr. Tania C. Sorrell, Centre for Infectious Diseases and Microbiology, University of Sydney at Westmead Hospital, Rm. 3114, Level 3, ICPMR, Darcy Rd., Westmead, New South Wales 2145, Australia ([email protected]); or Dr. Uwe Himmelreich, Institute for Magnetic Resonance in Medicine, Blackburn Bldg. (DC06), University of Sydney, Sydney, NSW 2006, Australia ([email protected]). Clinical Infectious Diseases 2002; 34:849–52  2002 by the Infectious Diseases Society of America. All rights reserved. 1058-4838/2002/3406-0017$03.00
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We describe a patient with multiple cerebral lesions that initially were believed to be tumor metastases but were later found to be caused by Nocardia asteroides, after magnetic resonance spectroscopy (MRS) findings suggested that the lesions were infective in origin. This case report demonstrates the ability of MRS, a noninvasive imaging modality, to aid in the diagnosis of brain infection.



likely and that MR spectra of Nocardia lesions differ from those of acute pyogenic bacterial abscesses. Case report. A 73-year-old man was referred to the geriatric day hospital at Westmead Hospital (Westmead, New South Wales, Australia) after he experienced urinary incontinence, lethargy, and a rapid decline in mobility and cognition. Twelve months before presentation, he had undergone coronary artery bypass surgery. The patient’s condition was complicated by sternal osteomyelitis due to methicillin-resistant Staphylococcus aureus, for which he was receiving therapy with fusidic acid and rifampin, and by persistent neutrophilia. Investigation indicated that the patient’s osteomyelitis could be the only cause of his neutrophilia. Physical examination revealed that the man was cachectic and afebrile. He was disoriented with regard to time and place (Folstein Mini-Mental State Examination score, 18/30), and he had dysarthria, palsy of cranial nerve VIII on the left, and generalized hyperreflexia. The sternotomy wound had healed, except for the presence of granulation tissue at the distal end. Crepitations were heard in the bases of both lungs. Two cutaneous nodules, which were tender, violaceous in color, and 2–3 cm in diameter, were noted on the anterior abdominal wall and in the left inguinal region, respectively. Findings of serum biochemistry analysis were within normal parameters. Full blood examination revealed a hemoglobin count of 115 g/L (reference range, 130–165 g/L), a WBC count of 29.2 ⫻ 10 6 cells/L (reference range, 4–10 ⫻ 10 6 cells/L), a neutrophil count of 27.3 ⫻ 10 6 neutrophils/L (reference range, 2–7 ⫻ 10 6 neutrophils/L), a platelet count of 525 ⫻ 10 9 platelets/ L (reference range, 150–450 ⫻ 10 9 platelets/L), and an erythrocyte sedimentation rate of 88 mm/h (reference range, 0–15 mm/h). Chest radiography revealed patchy airspace consolidation in the lower lobe of the right lung. There was no radiological evidence of active sternal osteomyelitis. CT of the brain demonstrated multiple contrast-enhancing lesions in both the infratentorial and the supratentorial compartments, with associated mass effect. CT of the chest revealed dense consolidation in the lower lobes of both lungs, a 2-cm nodule in the right middle lobe, and a moderate, loculated pleural effusion on the left. Two sets of blood cultures yielded no abnormal findings. Results of serological testing for toxoplasmosis, HIV, and cryptococcal antigen were negative. The patient underwent cerebral MRI in a 1.5-T MR system (Magnetom; Siemens) with a circularly polarized head coil. Standard T1- and T2-weighted MR images were obtained in 3 orthogonal planes. Six lesions, each with a diameter between 1.0



dow function (center, 0 ms; half-width, 150 ms) before Fourier transformation was performed. Zero-order phase correction and polynomial baseline correction were applied to all spectra. Signal assignment was based on data previously published elsewhere [1–3]. MR spectra with short (TE, 20 ms) and long (TE, 135 ms) echo times showed signals at 0.9, 1.3, 1.6, 2.1, 3.0, and 3.2 ppm. The signals seen at 0.9, 1.3, 1.6, and 2.1 ppm predominantly arose from lipids. This finding was confirmed by inspection of MR spectra that had been acquired with a TE of 135 ms, which did not show the 180-degree phase inversion expected for signals arising from lactate (at 1.3 ppm) or amino acids (at 0.9 ppm for Leu, Ileu, Val). Levels of N-acetylaspartate (NAA), a neuronal marker (at 2.0 ppm), were markedly reduced. The ratio of resonances at 3.2 ppm (mainly taurine and metabolites that contain choline) to resonances at 3.0 ppm (mainly creatine and compounds that contain creatine) was either ∼1.0 (TE, 20 ms) or 0.85 (TE, 135 ms). Aspiration of the suprapubic nodule yielded purulent ma-



Figure 1. A, Scout MRI (localizer; sagittal plane) of the patient with nocardiosis; the location of the lesion and the volume of interest for magnetic resonance spectroscopy (MRS) are shown. B, MRS of the Nocardia lesion (point; resolved; TE, 135 ms). C, MRS of the Nocardia lesion (stimulated echo; TE, 20 ms). D, Scout MRI (axial) of a patient with a metastatic brain tumor; the location of the lesion and the volume of interest are shown. E, MRS findings for a patient with a metastatic brain tumor (stimulated echo; TE, 20 ms). F, MRS findings for a healthy volunteer (cerebellum, stimulated echo; TE, 20 ms). Chol, metabolites that contain choline; cre, metabolites that contain creatine; lip, lipids; mI, myoinositol; NAA, N-acetylaspartate. 850 • CID 2002:34 (15 March) • BRIEF REPORTS
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and 2.2 cm, were detected. All lesions were hypointense on T1weighted images, were hyperintense on T2-weighted images, and showed perilesional contrast enhancement. These findings were suggestive of either tumor metastases or multiple abscesses. MRS was performed in conjunction with MRI to investigate whether the brain lesions were caused by an infectious process or by neoplasia. The volume of interest, which measured 2 ⫻ 2 ⫻ 2 cm, was centered on a lesion in the right cerebellar hemisphere. MRS signal acquisition from the other lesions was precluded because of poor patient cooperation during the procedure. Single-voxel proton [1H] MR spectra were obtained by use of a stimulated-echo acquisition mode sequence (repetition time [TR], 1500 ms; echo time [TE], 20 ms; no. of signals acquired, 128; acquisition time, 3.13 min) and a long-echotime, point-resolved MRS sequence (TR, 1500 ms; TE, 135 ms; no. of signals acquired, 256; acquisition time, 6.31 min; figure 1). The water signal was suppressed by use of frequency-selective saturation pulses. Free induction decays were zero-filled to 4000 data points and were multiplied with an exponential win-



1). Ratios (SEM) of 2.2  0.3 (TE, 135 ms), with 1.2 as the lowest ratio, were reported for a series of 44 patients with metastatic brain tumors [3]. We observed similar ratios for patients with metastatic brain tumors (n p 5 ; ratio, 1.8  0.3 [TE, 135 ms]). Reports of relatively small case series [5, 10] have described patients with other focal brain infections that, in the appropriate clinical setting, form part of the differential diagnosis of cerebral nocardiosis. In the present case report, the MR spectra resembled the spectra seen for patients with cerebral toxoplasmosis and tuberculoma [5, 10], in that the neuronal marker (NAA) was decreased or undetectable, the resonance ratio at 3.2:3.0 ppm was not detectable or was only marginally increased, and intense lipid signals were present. To our knowledge, this is the first report of MR spectra derived exclusively from a brain abscess caused by a Nocardia species—in this case, N. asteroides. MRS previously was performed on a patient with AIDS who had cerebral nocardiosis and small lesions [11]. It is of interest that, as demonstrated for the patient in the present case report, the resonance ratio at 3.2:3.0 ppm for the patient with AIDS was slightly increased and the NAA signal intensity was marginally decreased. No lipids were detected. However, as a result of the small size of the lesions, the MR spectrum was significantly contaminated by signals from normal brain tissue [11]. The present case report supports the use of MRS as an adjunct to MRI for the rapid, noninvasive characterization of cerebral lesions. It also invites the development of a comprehensive database of representative infections, to confirm the validity of the method. When used in conjunction with appropriate microbiological techniques, MRS may obviate the need for brain biopsy to diagnose certain focal brain infections and should expedite optimal patient management.
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terial that contained gram-positive, beaded, branching filaments; culture of this material yielded Nocardia asteroides after 6 days. During this time, the patient’s condition deteriorated rapidly. It was agreed, after discussion of the patient’s condition with his relatives, that neither neurosurgical nor antimicrobial treatment would be pursued. The patient died 12 days after admission to the hospital. Postmortem examination revealed evidence of bronchopneumonia and numerous cerebral and cerebellar abscesses. Microscopy revealed that the brain lesions contained clusters of filamentous organisms and an acute inflammatory infiltrate with histiocytes and occasional foreign body–type giant cells. Culture yielded N. asteroides. Findings on microscopy of the lung sections confirmed widespread acute bronchopneumonia, but special stains did not reveal bacteria or fungi. Discussion. MR spectra from acute brain abscesses caused by pyogenic bacteria typically demonstrate increased amounts of amino acids and products of bacterial metabolism, such as lactate, succinate, or acetate [1, 2, 4]. In contrast, neither succinate nor acetate has been identified in metastatic or primary brain tumors, and amino acid resonances at 0.9 ppm have been low or absent [2, 3, 6, 7]. MRI findings for our patient initially were thought to indicate multiple tumor metastases. However, the high choline-to-creatine ratio (3.2:3.0 ppm; figure 1) [3, 7], which is typical of MR spectra from cerebral metastases, was not seen, and the MR spectra did not contain lactate, succinate, acetate, or significant amounts of amino acids. With the exception of the amino acid resonances, these metabolite signals were also absent from MR spectra of the N. asteroides isolate cultured in vitro (data not shown). The signals were absent because aerobic actinomycetes, such as Nocardia species, use different metabolic pathways, compared with anaerobic or facultatively anaerobic bacteria. The intense lipid signals observed in the spectra in vivo are caused by triglycerides, which presumably arose from the neutrophil constituents of pus and residual necrotic brain tissue. Although these intense lipid signals can be seen in association with any pathologic process that results in cell necrosis, including the development of purulent exudates [8] and brain tumors [3, 6, 7], they may also reflect apoptosis of polymorphs, as has been shown in a study of human neutrophils [9]. The cell walls of Nocardia species are rich in lipids; however, these lipids did not contribute to the in vivo signals, either because of the relatively small mass of organisms or because they are immobile on the MR timescale and, hence, are not visible via MR. MR studies of pure cultures of the patient’s N. asteroides isolate demonstrated no lipid signals, a finding that supports the latter hypothesis (data not shown). The resonance ratio at 3.2:3.0 ppm was increased only marginally in this patient, in comparison with that noted for normal volunteers (n p 3; ratios, 0.65–0.75 [TE, 20 ms] and 0.69–0.80 [TE, 135 ms]) (figure



8. May G, Sztelma K, Sorrell TC, et al. Comparison of human polymorphonuclear leukocytes from peripheral blood and purulent exudates by high resolution 1H MRS. Magn Reson Med 1991; 19:191–8. 9. Wright LC, Groot Obbink KL, Delikatny EJ, et al. The origin of 1H NMR-visible triacylglycerol in human neutrophils. Eur J Biochem 2000; 267:68–78. 10. Gupta RK, Roy R, Dev R, et al. Fingerprinting of Mycobacterium tu-
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