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Neurometabolism of Active Neuropsychiatric Lupus Determined with
Proton MR Spectroscopy

Wilmer L. Sibbitt, Jr, Luke J. Haseler, Richard R. Griffey, Seth D. Friedman, and William M. Brooks

PURPOSE: To determine the neurometabolism of patients with active neuropsychiatric systemic
lupus erythematosus (NPSLE) by using proton MR spectroscopy. METHODS: Thirty-six patients
with SLE and eight control subjects were studied with proton MR spectroscopy to measure brain
metabolites. Peaks from N-acetylaspartate (NAA), creatine (Cr), choline (Cho), and at 1.3 parts
per million (ppm) lipid, macromolecules, and lactate were measured. Patients were classified as
having major NPSLE (seizures, psychosis, major cognitive dysfunction, delirium, stroke, or coma)
(n 5 15) or minor NPSLE (headache, minor affective disorder, or minor cognitive disorder) (n 5

21). Patients with major NPSLE were severely ill and hospitalized. RESULTS: SLE patients had
lower NAA and increased metabolites at 1.3 ppm than did control subjects (NAA/CrSLE 5 1.90 6

0.35, NAA/CrControl 5 2.16 6 0.26; 1.3 ppm/CrSLE 5 0.49 6 0.41, 1.3 ppm/CrControl 5 0.27 6

0.05). NAA/Cr in patients with current or prior major NPSLE was lower than in patients without
major NPSLE. Increased peaks at 1.3 ppm were present in all SLE subgroups, but particularly in
patients with major NPSLE. These resonances were not evident at an echo time of 136, indicating
that these signals were not lactate. CONCLUSION: Major NPSLE, past or present, is associated
with decreased levels of NAA. Elevated peaks around 1.3 ppm do not represent lactate even in
severely ill patients, indicating that global ischemia is not characteristic of NPSLE. Neurochemical
markers determined by MR spectroscopy may be useful for determining activity and degree of brain
injury in NPSLE.
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that neurochemical markers of acute brain in-
Neuropsychiatric systemic lupus erythema-
tosus (NPSLE) is a complex disorder character-
ized by unpredictable and variable neurologic
presentations, including stroke, psychiatric
disturbances, affective disorders, cognitive
dysfunction, headache, cranial neuropathies,
pseudotumor cerebri, transverse myelitis,
movement disorders, seizures, aseptic meningi-
tis, and lupoid sclerosis (1–5). Short-term neu-
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rologic dysfunction is common in NPSLE, al-
though it is unclear whether this reversibility of
function is due to disturbances in biochemical,
neurotransmitter, or physiologic processes or is
caused by severe, irreversible brain injury in
which the acute functional disturbance dimin-
ishes as the focus of injury matures (6–13).

In proton magnetic resonance (MR) spectro-
scopic studies, normal-appearing brain tissue in
patients with minor NPSLE is characterized by
the loss of the neuronal marker N-acetylaspar-
tate (NAA) and the presence of cerebral atro-
phy, findings suggestive of diffuse neuronal loss
due to a potent neurotoxic process (14, 15).
Normal-appearing tissues in major NPSLE often
show subclinical evidence of acute injury that is
not apparent on conventional MR images, such
as reversible increases in the measured T2 sig-
nal of gray or white matter during acute neuro-
psychiatric episodes (14, 16). We hypothesized
1
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jury would be characteristic of major NPSLE.
We also hypothesized that if ischemia were the
major cause of NPSLE, markers of anaerobic
metabolism (the presence of lactate) would be
observed in these patients. We tested these hy-
potheses by studying patients during episodes
of major NPSLE, including severely ill patients
who had never before been examined with MR
spectroscopy.

Subjects and Methods

Patient Population

Thirty-six patients with SLE and eight healthy control
subjects were studied. All patients fulfilled the American
College of Rheumatology criteria for SLE (17). Global SLE
activity was assessed using the SLE disease activity index
(18, 19). Current prednisone dose was recorded for all
patients. NPSLE symptoms at the time of the MR study
were classified by using a modification of the method of
Carbotte and Denburg (5, 20, 21). Patients with acute
stroke, neuropathy, movement disorder, transverse myeli-
tis, seizure, meningitis, dementia, delirium, major cogni-
tive defect, atypical psychosis, or major affective disorder
were said to have active, or major, NPSLE. Patients with
headaches, anxiety, mood swings, or minor cognitive
complaints, such as difficulties in concentration, memory,
and word finding, were identified as having inactive, or
minor, NPSLE. Fifteen patients had major NPSLE (eight
with seizures, five with major cognitive defects, and two
with atypical psychosis) and 21 had minor NPSLE (12 with
headaches and nine with minor cognitive complaints). In a
secondary analysis, a chart review revealed that certain of
the patients with minor NPSLE had suffered previous epi-
sodes of major NPSLE. Thus, the final classification in-
cluded 13 patients with minor NPSLE who had had no prior
episodes of major NPSLE, eight patients with minor
NPSLE who had had prior episodes of major NPSLE, and
15 patients with major NPSLE. Patients with major NPSLE
were severely ill, had very high SLE disease activity index
scores, and were hospitalized. The research protocol was
approved by our Human Research Review Committee, and
all subjects or their legal representatives provided written
consent. No patient received drugs for sedation.

MR Imaging

All MR studies were obtained with a 1.5-T clinical im-
aging unit. The imaging protocol included a T1-weighted
sagittal series and either a T1-weighted coronal series
(500/16 [repetition time/echo time], 256 3 192 matrix,
4-mm-thick sections) or a T2-weighted axial series (2800/
100,30, 256 3 192 matrix, 4-mm-thick sections) for lo-
calization of the spectroscopic acquisitions.
MR Spectroscopy

In the first experiment, 23 patients with SLE and eight
healthy control subjects were studied using a one-dimen-
sional spectroscopic imaging sequence (stimulated-echo
acquisition mode [STEAM,] 1500/19, 512 scans) (22). A
2 3 2-cm axial column extending through both hemi-
spheres superior to the ventricles was prescribed from the
coronal localizing MR images (Fig 1). Phase-encoding gra-
dient increments resulted in 2 3 2 3 1-cm3 voxels and
improved spatial resolution, owing to decreased phase-
encoding artifacts. Water suppression was obtained by
three chemical-shift selective saturation (CHESS) pulses.
Lesions were excluded by locating the spectroscopic im-
aging column in normal-appearing tissue. Peak assign-
ments were made using literature values for chemical
shifts; however, time restraints prohibited changes in the
echo time for lactate editing (22–24). Consequently, the
presence of lactate could not be proved in this experiment.

In the second series of experiments, patients with major
and minor NPSLE were studied using single-voxel spec-
troscopy. The rapid acquisition time afforded by this tech-
nique permitted study of extremely ill patients, and vari-
able echo times provided a technique to probe the makeup
of the peak at 1.3 ppm. This broad peak represents lipid
and other macromolecules as well as lactate, a relatively
narrow doublet, which resonates at 1.33 ppm. The spec-
troscopic protocol obtained spectra from 8-cm3 voxels in
normal-appearing deep white matter of the parietal lobe.
A single-voxel, water-suppressed spin-echo sequence
(PRESS: repetition time, 2000; 128 scans) was prescribed
from the T2-weighted axial images (23). Two spectra with
different echo times (26 or 136 milliseconds) were ob-
tained consecutively from the same tissue voxel. In this
sequence, all the likely contributions to the broad reso-
nance at 1.3 ppm will be in phase at short echo times (26

Fig 1. Prescription of spectroscopic imaging acquisition from
a coronal image. Box shows location of the column of tissue
voxels. Voxels marked B and C were used for analysis of white
matter.
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milliseconds). However, at long echo times (136 millisec-
onds), lactate will be inverted because of spin-spin cou-
pling. Moreover, contributions from molecules with short
T2 (lipids and other macromolecules) will be negligible
because of rapid spin-spin relaxation.

In each experiment, the unsuppressed water signal from
the spectroscopic voxel was used to optimize the field
homogeneity for spectroscopy by manually shimming the
linear gradients.

Quantification of Neurometabolite Ratios and
Statistical Methods

Spectroscopic data were downloaded to a Sunsparcsta-
tion 10 (Sun Microsystems Inc, Mountain View, Calif) and
processed using SAGE/IDL (GE Medical Systems, Wauke-
sha, Wis). Spectroscopic imaging was processed using
1-Hz exponential broadening, multiplied by a sine bell
window in the spatial dimension, Fourier transformed, and
phase corrected. Baseline was simulated by using a linear
approximation based on points defined by the bases of the
choline (Cho), creatine (Cr), NAA, and absolute baseline
point at 0 ppm. Spectra were integrated to determine the
peak area for NAA (1.9 to 2.1 ppm), Cr (2.9 to 3.1), Cho
(3.1 to 3.3), and lipid-macromolecule-lactate (1.2 to 1.4)
peaks. Results were expressed as the ratios NAA/Cr, Cho/
Cr, and Lip-Mac/Cr. Spectroscopic data were analyzed by
a two-tailed rank order t test and analysis of variance
(ANOVA) using ICS Version 1.1 (PWS Publishers, Boston,
Mass). Fisher’s least significant difference test was used to
establish difference rankings between means at statisti-
cally significant levels (P , .05).

Single-voxel data were analyzed using SAGE/IDL. Each
spectrum was processed with 1-Hz exponential broaden-
ing, zero-filled, Fourier transformed, phase corrected, and
metabolite peak areas determined by fitting lorentzian line
shapes. Data were expressed as ratios of NAA/Cr and
Cho/Cr. We also recorded the presence or absence of a
peak at 1.3 ppm. Unpaired t tests and a Mann-Whitney
nonparametric test were performed in Statview (Abacus
Concepts, Berkeley, Calif).

Results

For the spectroscopic imaging experiment,
we used t tests to compare SLE patients with
healthy control subjects (Table 1). During the
course of the experiment, patients with major
NPSLE were receiving an average of 67 6 23
mg of prednisone and those with minor NPSLE
were receiving 13 6 13 mg of prednisone (P ,
.05). SLE patients were characterized as having
increased disease activity index ratings (P ,
.01), decreased NAA/Cr (P 5 .04), and in-
creased resonance at 1.3 ppm (P , .02). In
addition to the above abnormalities, 17% of
NPSLE patients had increased Cho (Cho/Cr).
After separating patients into three groups—
major NPSLE, minor NPSLE with prior major
episodes of NPSLE, and minor NPSLE with no
prior major episodes of NPSLE—we found that
the change in NAA was confined to those pa-
tients who had suffered a major NPSLE episode
(either current or previously) (P , .03) (Table
2). Subgroup analysis showed greater elevation
of the peak at 1.3 ppm in patients with major
NPSLE as compared with the minor subgroups
(P , .02). No significant association between
the presence of focal lesions and increased
peak at 1.3 ppm was demonstrated (r2 5 .047,
P 5 .29).

In the second experiment, we used single-
voxel MR spectroscopy to determine the origin
of the peak at 1.3 ppm in patients with major or
minor NPSLE. As in the spectroscopic imaging
experiment, patients with major NPSLE had de-
creased NAA/Cr compared with that in patients
with minor disease (P , .05) (Table 3, Fig 2).
Differing echo times in single-voxel MR spec-
troscopy were used to determine the existence
of lactate at 1.33 ppm. Of the severely ill pa-
tients with major NPSLE studied, eight of nine
had distinct peaks at 1.3 ppm at short echo
times. Four of these patients were able to en-
dure prolonged scanning and also underwent a
long-echo spectroscopic study. In patients with
minor NPSLE, four of five displayed elevated
peaks at 1.3 ppm, and three of these patients
completed the long-echo-time examination. No
peak inversion was noted at 136 milliseconds,
indicating the absence of significant lactate in
patients with both major and minor NPSLE. Fig-
ure 3 shows spectra at different echo times from
a patient with major NPSLE. At long echo times,
the peak at 1.3 ppm is absent, indicating a short

TABLE 1: Neurometabolites in patients with systemic lupus
erythematosus and healthy control subjects

Control subjects
(n 5 8)

Patients with SLE
(n 5 23)

P

Age 40.1 (12.0) 37.0 (10.9) .53
SLEDAI 0.00 (0) 19.0 (6.9) ,.01*
NAA/Cr 2.16 (0.26) 1.90 (0.35) ,.05*
Cho/Cr 0.79 (0.06) 0.80 (0.21) .83
1.3 ppm/Cr 0.27 (0.05) 0.49 (0.41) ,.02*

Note.—SLE indicates systemic lupus erythematosus; SLEDAI,
SLE disease activity index; NAA, N-acetylaspartate; Cr, total creati-
nine; and Cho, choline-containing compounds.

* Significant differences by the two-tailed t test. Results are ex-
pressed as mean (standard deviation).
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TABLE 2: Neurometabolites in subgroups of patients with neuropsychiatric systemic lupus erythematosus by spectroscopic imaging

Minor NPSLE
(No Prior Major Episode)

(n 5 8)

Minor NPSLE
(Prior Major Episode)

(n 5 8)

Major NPSLE
(n 5 7)

P

Age 35.3 (14.5) 39.3 (8.8) 36.7 (8.5) ..05
SLEDAI 15.6 (2.8) 16.7 (4.8) 25.6 (8.1)* ,.01*
NAA/Cr 2.22 (0.32)* 1.68 (0.27) 1.78 (0.22) ,.05*
Cho/Cr 0.81 (0.21) 0.78 (0.15) 0.83 (0.17) ..05
1.3 ppm/Cr 0.37 (0.28) 0.45 (0.54) 0.67 (0.38)* ,.05*

Note.—NPSLE indicates neuropsychiatric systemic lupus erythematosus; SLEDAI, systemic lupus erythematosus disease activity index; NAA,
N-acetylaspartate; Cr, total creatine; Cho, choline-containing compounds; and Cre, total creatine.

* Significant differences between value and other groups by Fisher’s least significant difference rankings. Results are expressed as mean
(standard deviation).
T2 signal, typical of lipid macromolecules
rather than lactate.

Discussion

NAA is the major peak in a water-suppressed
normal proton MR brain spectrum, and in the
adult brain it is a chemical marker for mature
neurons and axons (24–29). Decreased NAA
has been associated with injury and neuronal
death in both animal and human studies (27,
28, 30–33). NAA is typically reduced in chronic
neurologic diseases characterized by cognitive
decline, including Alzheimer disease, dementia,
stroke, multiple sclerosis, and schizophrenia
(31, 33–39). NAA is decreased in normal-ap-
pearing brain tissues in patients with a history of
NPSLE (W. M. Brooks, unpublished data,

TABLE 3: Neurometabolites in patients with NPSLE by single-
voxel proton MR spectroscopy

Minor NPSLE
(No Prior

Major Episode)
(n 5 5)

Major NPSLE
(Prior Major

Episode)
(n 5 8)

P

Age 37.8 (14.8) 27.0 (5.8) .2
SLEDAI 16.0 (3.7) 30.1 (12.6) ,.01*
NAA/Cr (26 ms) 2.06 (0.38) 1.60 (0.33) ,.05*
NAA/Cr (136 ms) 1.95 (0.06) 1.59 (0.30) ,.05*
Cho/Cr (26 ms) 0.95 (0.17) 0.98 (0.20) .70
Cho/Cr (136 ms) 1.22 (0.11) 1.13 (0.07) .12
1.3 ppm (26 ms)† 5/6 present 8/9 present
1.3 ppm (136 ms) 0/3 0/4

Note.—NPSLE indicates neuropsychiatric systemic lupus ery-
thematosus; SLEDAI, SLE disease activity index; NAA, N-acetylas-
partate; Cr, total creatine; Cho, choline-containing compounds; 1.3
ppm, the broad peak resonating at about 1.3 ppm (this peak includes
contributions from lipid and protein macromolecules and lactate).

* Significant differences by the two-tailed t test. Results are ex-
pressed as mean (standard deviation).

† 26 ms indicates data from TE 5 26 ms; (136 ms), TE 5 136 ms.
1997). and in SLE patients with cerebral atro-
phy, indicating a substantial loss of neuronal
mass and density (15). The current investiga-
tion was designed to determine the neurochem-
ical effects of minor and major NPSLE on brain
tissue.

Our results show that decreased NAA is
closely associated with episodes of major
NPSLE. Major NPSLE was also distinguished
from minor NPSLE by greater systemic disease
activity (SLE disease activity index), increased
corticosteroid doses, and increased lipid-mac-
romolecule resonances. These findings indicate
that major NPSLE represents a severe cerebral
insult, resulting in significant neuronal injury.
The cause of the neuronal injury is not clear,
although systemic effects of SLE are likely. The
potential neurotoxic effects of corticosteroids
cannot be completely excluded, particularly
since major NPSLE is almost always treated
with corticosteroids. Our experiments have not
determined whether the neuronal damage in
SLE is permanent or whether there is a revers-
ible component, as has been observed in mul-
tiple sclerosis (34, 40). Determining the revers-
ibility of NAA decline and the effects of
corticosteroids will require prolonged, repeated
observations. Even if NAA levels were to be
recoverable to some extent, our data are most
consistent with severe neurotoxicity (27, 33)
associated with episodes of major NPSLE rather
than a slow, progressive decrease in NAA, as in
degenerative neurologic diseases (31, 32, 41).

If ischemia were the primary mechanism of
neuronal injury and NAA decline in NPSLE, in-
creased lactate would be likely in brain tissues
(33, 42, 43). Indeed, strokes (1, 44), ischemic
microinfarcts (45), and reversible ischemia
have been implicated in NPSLE (46, 47). Lac-
tate is observable in ischemic tissue, particu-



Fig 2. Proton MR spectra from patients
with minor (top) and major (bottom)
NPSLE. Bottom spectrum shows decreased
NAA and a peak at 1.3 ppm.

Fig 3. Brain metabolites in major
NPSLE.

Top, A short-echo-time spectrum (26
milliseconds) with elevated peaks in the
chemical shift range 0.9 to 1.6 ppm (ar-
row).

Bottom, A long-echo-time (136 milli-
seconds) spectrum in which peaks from
metabolites with short spin-spin relaxation
times are absent. No inverted doublet from
lactate is observable.
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larly during and after stroke when lactate is
abnormally elevated as a result of anaerobic
metabolism (48). Brain lactate levels may also
be elevated in the subacute stages of ischemic
infarction due to anaerobic metabolism associ-
ated with macrophage infiltration in necrotic or
inflamed tissue (33, 49).

Our studies reveal elevated upfield peaks
from 0.9 to 1.6 ppm, including a peak in the
lactate region, that have a close association
with disease activity in patients with NPSLE.
Although the identity of these peaks is unclear,
similar upfield peaks consistent with membrane
degradation, activation, or demyelination have
been noted in acute multiple sclerosis (34). In
that study, elevation of the lipid region, initially
noted during disease exacerbations, returned to
normal more slowly than did the clinical symp-
toms, suggesting slowly recovering injury. In
our studies, long-echo, single-voxel MR spec-
troscopy revealed minimal underlying signal at
1.3 ppm with no perceptible signal inversion,
which would be expected from the lactate dou-
blet. Thus, although ischemia has been impli-
cated in NPSLE, we were unable to demonstrate
lactate even in severely ill patients with major
NPSLE, suggesting that extensive, anaerobic
metabolism is not a fundamental characteristic
of NPSLE.
There are several potential reasons for the
absence of observable lactate in brain tissues of
patients with NPSLE. The obvious explanation
is that NPSLE may be a disease of cerebral
vascular injury, disturbed fluid dynamics, and
neurotoxin release, rather than a primarily isch-
emic disease. On the other hand, the foci of
ischemia might be microscopic, resulting in
small loci of injury with increased lactate that
produce very little MR signal compared with the
large mass of surrounding normal tissues. Such
volume-averaging artifacts, which diminish the
signal from lesions of small volume, are major
limitations of MR spectroscopy and can only be
overcome by using voxels approximating the
size of the lesion. The use of microscopic vox-
els, currently beyond MR technology available
for clinical studies, is required to examine
pathologic conditions of this nature. However,
the large volume of brain tissue affected by
reversible flow and the metabolic defects noted
previously by positron emission tomography
and single-photon emission computed tomog-
raphy (46, 47), as well as the extensive diffuse
cerebral edema reported previously (16), can
be studied easily with MR spectroscopy. Despite
these large areas of decreased flow and cerebral
edema reported in the literature, lactate was not
detected in the current series.



Our study suggests that diffuse ischemia is
not the primary mechanism of NPSLE; rather,
NPSLE may be a neurotoxic process associated
with episodes of major NPSLE. The loss of NAA
may occur acutely and be sustained chroni-
cally, but demonstration of the long-term irre-
versibility of NAA loss will require further longi-
tudinal studies. The absence of lactate does not
support the presence of global ischemia in our
series of patients, although ischemia could oc-
cur in other SLE subgroups that have not yet
been studied. The increased lipid-macromole-
cule peaks at 1.3 ppm, which may be an indi-
cator of disease activity, probably indicate a
host response to injury, perhaps inflammatory
cell infiltration, membrane activation, degrada-
tion, or demyelination. Further MR spectro-
scopic studies relating neurometabolites to
more conventional measures of NPSLE, includ-
ing cerebral perfusion studies, formal neurocog-
nitive testing, antineuronal antibodies, and his-
topathologic specimens obtained at autopsy,
will be required to define these complex rela-
tionships.
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