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Diffuse Metabolic Abnormalities in Reversible
Posterior Leukoencephalopathy Syndrome

Florian S. Eichler, Paul Wang, Robert J. Wityk, Norman J. Beauchamp, Jr., and Peter B. Barker

Summary: Two cases of reversible posterior leukoenceph-
alopathy syndrome were examined with proton MR spec-
troscopic imaging. Widespread metabolic abnormalities,
consisting of increased choline and creatine levels and
mildly decreased N-acetylaspartate, occurred in regions
with both normal and abnormal MR imaging appearances.
In one case for which proton MR spectroscopic imaging
follow-up was available, all metabolite levels had returned
to normal by 2 months. Proton MR spectroscopic imaging
may be helpful for the diagnosis and investigation of the
underlying pathophysiology of reversible posterior leu-
koencephalopathy syndrome.

The term reversible posterior leukoencephalopathy
syndrome (RPLS) describes a syndrome of headaches,
confusion, seizures, and visual disturbances associ-
ated with transient, predominantly posterior cerebral
lesions revealed by neuroimaging (1). Because MR
imaging (in particular, fluid-attenuated inversion re-
covery MR imaging) has shown that lesions can occur
in both gray and white matter, the term posterior
reversible encephalopathy syndrome has also been sug-
gested (2). RPLS occurs in association with hyperten-
sion and/or immunosuppression (3), and known trig-
gers include acute renal failure, eclampsia (especially
puerperal), and the use of cyclosporine, FK506, or
interferon-� (1). Considering that the list of causes of
RPLS is growing (4–6), more information is needed
regarding the underlying pathophysiology of this tran-
sient disorder. It is also clinically important to be able
to distinguish RPLS from other disorders that may
involve irreversible brain lesions.

The techniques of proton MR spectroscopy and
MR spectroscopic imaging allow the in vivo measure-
ment of various neurochemicals, which can provide
information regarding the metabolism, cellular com-
position, and pathophysiology of brain lesions (7).
Only isolated reports of MR spectroscopy of RPLS
have been published (8–11). We herein report the
findings of quantitative, multi-section proton MR
spectroscopic imaging of two patients with RPLS.

Proton MR Spectroscopic Imaging
All imaging was performed at 1.5 T. Four oblique axial

sections (section thickness, 15 mm; intersection gap, 2.5 mm)
were obtained parallel to the anterior commissure-posterior
commissure line for proton MR spectroscopic imaging (2300/
272 [TR/TE]; field of view, 24 cm; matrix size, 32 � 32; one
signal average). Outer volume saturation pulses were used for
suppression of lipid and water signals originating from the skull
and scalp, and a chemical shift-selective saturation pulse was
used for water suppression. The nominal voxel size was 0.8 cm3.
Full technical details are provided elsewhere (12). MR spec-
troscopic imaging data were processed as previously described
(13). Metabolite peak areas were measured using a simplex
routine, assuming gaussian line shapes. Concentrations of N-
acetylaspartate, creatine, and choline were estimated by the
phantom replacement technique (14). Voxels were analyzed in
the occipital white and gray matter, the centrum semiovale, and
insular gray matter and were compared with published normal
values (13, 14). Patient 1 was evaluated with MR spectroscopic
imaging during the episode only. For patient 2, MR spectro-
scopic imaging was performed both during the episode and at
follow-up 2 months later. Metabolite levels were compared
between the episode and follow-up findings by using the Mann-
Whitney nonparametric test.

Patient 1

The MR images of a 38-year-old woman with acute my-
elomonocytic leukemia showed leptomeningeal enhancement
after induction of chemotherapy. Because of concern regarding
CSF seeding, intrathecal cytarabine with subsequent consoli-
dation with high dose (6 g) cytarabine was IV administered.
Because of development of multi-organ sepsis, the patient was
monitored in the intensive care unit for hypertensive crisis
(blood pressure, 180/80 mmHg) and lowered consciousness.
She was observed to have a seizure and was unresponsive, with
a dilated left pupil.

T2-weighted and fluid-attenuated inversion recovery MR
images showed bilateral areas of signal hyperintensity in the
posterior white and gray matter, with extension into the frontal
lobe in the left hemisphere (Fig 1A and B). Sparing of calcarine
and paramedian occipital lobe structures was noted, and no
abnormalities were observed in the basal ganglia, brain stem, or
cerebellum. Isotropic apparent diffusion coefficiency maps
showed an increased diffusion constant (lesion apparent diffu-
sion coefficiency, 1.56 � 10�3 mm2/s; normal appearing brain,
0.85 � 10�3 mm2/s) in the same distribution as that seen on
fluid-attenuated inversion recovery MR images, whereas on
diffusion-weighted images, the lesion was isointense to slightly
hyperintense because of the opposing effects of T2 weighting
(hyperintense) and diffusion weighting (hypointense) (15).

Figure 1, A and B, shows two MR spectroscopic imaging
sections and selected spectra obtained during the episode. The
ratios of N-acetylaspartate:choline and N-acetylaspartate:crea-
tine were low, both in regions of the brain with normal and
abnormal MR imaging appearance and in gray and white mat-
ter. Inspection of metabolic images suggests that metabolite
levels were lower in the edematous regions of the brain, pre-
sumably a dilution effect reflecting the increased water content.

Received November 14, 2001; accepted after revision Decem-
ber 7.

From the Department of Neurogenetics (F.S.E.), Kennedy
Krieger Institute, and the Departments of Radiology (P.W., N.J.B.,
P.B.B.) and Neurology (R.J.W.), The Johns Hopkins University,
Baltimore, MD.

Address reprint requests to Peter B. Barker, PhD, Department
of Radiology, MRI 143C, The Johns Hopkins University School of
Medicine, 600 N. Wolfe Street, Baltimore, MD 21287.

© American Society of Neuroradiology

AJNR Am J Neuroradiol 23:833–837, May 2002

Case Report

833



Some signals in the 1.0- to 1.5-ppm region of the spectrum were
also observed and were attributable to lipids, but these did not
localize well to either specific brain locations or lesions and
therefore seem most likely to be the result of mild head motion,
which “smears” the intense lipid signals throughout the phase-
encoding directions. Quantitation of proton MR spectroscopic
imaging (Table) indicates that the low ratios of N-acetylaspar-
tate:choline and N-acetylaspartate:creatine are predominantly
due to increased choline and creatine levels compared with
normal values (typical normal values: choline, 1–2 mM; creat-
ine, 5–7 mM; N-acetylaspartate, 7–13 mM depending on age,
location, and measurement methodology) (13, 14).

The elevated blood pressure was treated with nitrates, es-
molol, and mannitol. The patient’s mental status remained
abnormal, with waxing and waning disorientation. She com-

plained of “blurry vision,” headaches, and eye pain. Three days
later, she again became acutely unresponsive with respiratory
failure and required intubation. Her blood pressure was ele-
vated at 140/90 mmHg, and her serum magnesium level had
dropped to 0.9 mg/dL. She received phenytoin, nifedipine, and
magnesium sulfate. Her status improved greatly, with extuba-
tion possible the next day. After extubation, a neuro-ophthal-
mologic examination documented cortical blindness, which
slowly resolved during the next week. Subsequent magnesium
levels ranged from 1.2 to 1.7 mg/dL (normal range, 1.3–2.0
mg/dL).

Follow-up MR imaging was performed 2 months after the
initial episode, at which time the patient’s condition was clini-
cally normal (Fig 1C). MR imaging findings were normal, with
the exception of some residual abnormal signal around the

FIG 1. Patient 1. Fluid-attenuated inversion recovery (FLAIR)
MR images, apparent diffusion coefficiency (ADC) maps, dif-
fusion-weighted images (DWI), metabolic choline (Cho), crea-
tine (Cr), N-acetylaspartate (NAA) and lipid images, and spec-
tra are shown.

A, Images from the second of four MR spectroscopic imag-
ing sections. Spectra are shown from selected regions of in-
terest in frontal white matter, mesial occipital gray matter, and
occipital white matter with fluid-attenuated inversion recovery
MR imaging hyperintensity.

B, Images from the third of four MR spectroscopic imaging
sections. Spectra are shown from frontal white matter, with
both normal (right) and abnormal (left) MR imaging appear-
ance, body of the corpus callosum, and parietal white matter
with fluid-attenuated inversion recovery MR imaging hyperin-
tensity. High levels of creatine and choline and mildly reduced
N-acetylaspartate are apparent in both gray and white matter
regions with normal MR imaging appearance. Lipid signals
most likely result from head motion. Metabolic images show

hypointensity in regions of abnormal MR imaging appearance, suggesting dilution of all metabolite concentrations (increased water
content). Apparent diffusion coefficiency values in these regions are also elevated compared with normal values.

C, Fluid-attenuated inversion recovery MR images, obtained at 2-month follow-up, show normalization of signal intensity with only a
small region of fluid-attenuated inversion recovery MR imaging hyperintensity adjacent to the posterior horns of the lateral ventricles.
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posterior horns of the lateral ventricles. Intrathecal therapy
(consolidation) resumed 10 days after the last seizure. A total
of four subsequent doses of intrathecal chemotherapy were
administered without incident. The patient remained seizure-
free, and phenytoin was discontinued after 3 months.

Patient 2

A 36-year-old primigravida with a diagnosis of acute pan-
creatitis underwent an emergency caesarian section at gesta-
tion of 36 weeks. Her pancreatitis was complicated by fever and
cholecystitis. She was placed on hemodialysis and total paren-
teral nutrition and subsequently developed acute renal failure.
Two weeks after delivery, she experienced a generalized sei-
zure and then persistent change in mental status. Blood pres-
sure before her seizure was 180/90 mmHg, and subsequent
blood pressures ranged from 160/80 to 180/100 mmHg. Spin-
echo and T2-weighted MR images showed bilateral parieto-
occipital signal hyperintensity (Fig 2A) involving both white
and gray matter. A small amount of T2 hyperintensity was also
noted in the subcortical white matter of the frontal lobe and
cerebellum in the vicinity of the dentate nuclei. As for patient
1, MR spectroscopic imaging showed globally reduced ratios of
N-acetylaspartate:choline and N-acetylaspartate:creatine, with
choline especially high in the white matter with normal MR
imaging appearance. Again, quantitative analysis (Table) re-
vealed high levels of creatine and choline and mildly reduced
N-acetylaspartate during the episode. Regions with MR T2
hyperintensity also showed lower levels of all metabolites, con-
sistent with increased water content.

The seizures were treated with Ativan, and the blood pres-
sure was controlled with labetolol and angiotensen-converting
enzyme inhibitors. Daily serum magnesium levels ranged from
1.9 to 2.1 mg/dL. Follow-up MR imaging findings, obtained 2
months later when the patient showed clinical improvement,
were normal (Fig 2B). Metabolite concentrations also recov-
ered to near normal levels throughout the brain (P � .05
compared with episode levels) (Table 1). The patient remained
seizure-free, and Ativan was discontinued after 3 months.

Discussion
Descriptions of RPLS have emphasized character-

istic clinical and radiologic presentations despite the
heterogeneous settings in which this transient syndrome
occurs (1). Clinically, patients present with altered men-
tal status, headaches, seizures, and visual disturbances.
Hypertension is commonly associated with RPLS but
may be relatively mild and is not universally present,
especially in the setting of immunosuppression (16).

Neuroimaging reveals the posterior parts of the cere-
brum, especially the parieto-occipital regions, to be gen-
erally involved, with relative sparing of the occipital
cortical gray matter (1).

The underlying pathophysiology of RPLS is not
well understood, but two main mechanisms have been
suggested (17). One hypothesis is that cerebral vaso-
spasm results in ischemia and subsequent develop-
ment of T2 hyperintensity (18–21). Alternatively, it
has been suggested that there is a temporary failure
of the autoregulatory capabilities of the cerebral ves-
sels, leading to hyperperfusion, breakdown of the
blood-brain barrier, and consequent vasogenic edema
(5, 16, 22). Although there have been isolated reports
of increased lactate signals (suggestive of ischemia) in
individual patients with RPLS (8, 11), we did not
identify any lactate signals in our two cases and the
majority of cases presented in the literature also do
not report elevated lactate (8–11). Diffusion MR
imaging has also virtually ubiquitously shown elevated
diffusion constants in cases of RPLS (as was seen in
patient 1 here), again consistent with vasogenic edema
and the absence of acute ischemic changes (16, 23, 24).

The preferential involvement of the parietal and
occipital lobes is thought to be related to the rela-
tively poor sympathetic innervation of the posterior
circulation (1, 25). Presumably, this hyperperfusion is
triggered by hypertension (25). Drugs have been pos-
tulated to contribute to this physiological effect, by
cytotoxic effects on the vascular endothelium or by
inducing or exacerbating hypertension (1, 16).

In both cases reported herein, proton MR spectro-
scopic imaging showed diffuse metabolic abnormali-
ties (increases in both choline and creatine and mildly
reduced N-acetylaspartate) in both white and gray
matter throughout the brain (ie, including areas that
were of normal T2 or fluid-attenuated inversion re-
covery MR imaging appearance and had normal ap-
parent diffusion coefficiency). Follow-up of patient 2
revealed that these abnormalities had resolved, with
near normal levels of all metabolites. Previous MR
spectroscopy studies of RPLS have generally used
nonquantitative single voxel techniques that did not
examine brain regions with normal MR imaging ap-
pearance, but spectra from lesions have been re-

Mean metabolite concentrations (mM, mean � SD)

Occipital WM Centrum Semiovale Occipital GM Insular GM

Patient 1 (episode) Cho 2.6 � 0.8 2.8 � 0.8 2.2 � 0.6 2.9 � 1.1
Cr 8.4 � 2.2 7.4 � 2.0 7.1 � 1.2 7.6 � 2.3

NAA 6.9 � 1.9 6.8 � 1.7 5.2 � 1.3 6.0 � 3.0

Patient 2 (episode) Cho 3.3 � 0.4* 3.7 � 0.3* 2.7 � 0.6* 3.2 � 0.5*
Cr 6.8 � 1.8 8.2 � 1.6* 7.9 � 1.5* 7.9 � 1.2*

NAA 6.3 � 0.8* 7.1 � 0.7* 6.0 � 1.5 6.1 � 0.6

Patient 2 (follow-up) Cho 2.1 � 0.3 2.3 � 0.3 1.6 � 0.4 1.7 � 0.5
Cr 6.6 � 1.4 6.9 � 1.2 6.4 � 1.4 6.3 � 1.2

NAA 7.9 � 0.7 7.9 � 0.3 6.8 � 1.1 6.2 � 0.8

Note.—WM indicates white matter; GM, gray matter; Cho, choline; Cr, creatine; NAA, N-acetylaspartate.
* P � .05 for comparison of values during episode and at follow-up (Mann-Whitney Nonparametric Test).
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ported to have either normal (8, 10) or reduced (9,
11) ratios of N-acetylaspartate:creatine. The current
study indicates that a diffuse, probably global, meta-
bolic abnormality occurs in association with RPLS,
even though the MR imaging manifestations are pre-
dominantly confined to posterior brain regions. The
most pronounced change was an increase in choline
(and, to a lesser extent, creatine) during the episode
(Figs 1 and 2, Table 1). A rise in choline can have
multiple causes, including increased membrane turn-
over, inflammation, demyelination, and increased
glial cell density in proliferative processes (26, 27).
However, the transient nature of the choline eleva-
tion, its global nature, and the reversibility of the MR
imaging lesions limits the possible interpretations of
the increase. Demyelination seems an unlikely cause
because choline elevation was seen in both gray and
white matter; histologic findings associated with
eclampsia also do not support demyelination as an
explanation (28). An alternative, perhaps more likely,
explanation may be that the elevation of choline (and

creatine) results from microglial activation; glial cells
in vitro have been reported to have high levels of both
choline and creatine (29). Pronounced microglial and
astrocytic proliferation has been reported to occur
after immunosuppressive measures, such as chemo-
therapy and radiation (30). Disruption of the blood-
brain barrier and the presence of vasogenic edema
could presumably result in the activation of microglial
cells. However, this explanation must be regarded as
speculative because histopathologic studies of RPLS
are scarce and no evidence of microglial proliferation
was found in postmortem cerebral lesions of patients
with eclampsia in two reports (28, 31). Future studies
of larger numbers of patients using other techniques
are required to confirm or refute this hypothesis.

Concurrent with the rise in choline and creatine, a
mildly reduced N-acetylaspartate signal was observed
that normalized by the time of follow-up of patient 2.
N-acetylaspartate is thought to be of neuronal/axonal
origin in the mature brain (32), and its decrease could
reflect decreased synthesis, increased use, or changes in

FIG 2. Patient 2. T2-weighted MR images, metabolic choline (Cho), creatine (Cr), N-acetylaspartate (NAA), and lipid images, and
spectra from selected regions of interest (frontal and posterior white matter, mesial occipital gray matter) are shown.

A, Images obtained at time of episode. Quantitative analysis (Table) indicated that the primary abnormality was increased levels of
choline and creatine with mildly lower N-acetylaspartate.

B, Images obtained at 2-month follow-up. A globally reduced ratio of N-acetylaspartate:choline is apparent throughout the brain,
which has normalized by the time of follow-up. As in Figure 1, posterior edematous regions exhibit lower signal intensity on MR
spectroscopic images compared with other regions. MR spectroscopic imaging hypointensity in the frontal lobe (most noticeable in the
creatine image) is an artifact due to magnetic field inhomogeneity in this region.
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cellular density or composition (32). The reversible N-
acetylaspartate reduction in the current study seems to
be due to neuronal/axonal dysfunction secondary to
microglial proliferation rather than permanent neuro-
nal/axonal loss. It should also be noted that N-
acetylaspartate was lower (as were creatine and choline)
in regions with vasogenic edema, presumably reflecting
a dilution effect secondary to increased water content.

Proton MR spectroscopic imaging may be useful in
distinguishing RPLS from other focal lesions, such as
infarction or demyelination, which may present with
similar conventional MR imaging appearance. In
cases of acute infarction, lactate would be expected to
be elevated and apparent diffusion coefficiency re-
duced, neither of which was observed in the two cases
presented herein. However, the relative ability of MR
spectroscopic and diffusion-weighted imaging to dis-
tinguish RPLS from infarction is not known. Because
apparent diffusion coefficiency may be normal or
elevated in cases of subacute or chronic stroke, there
may be some additional value for MR spectroscopic
imaging compared with diffusion-weighted imaging in
these cases. Active demyelination is usually associ-
ated with elevated choline and reduced N-acetylas-
partate, similar to RPLS, but would not be expected
to show the global gray and white matter metabolic
changes that were observed in the two cases of RPLS
presented herein.

In summary, we present two case reports of RPLS
with marked, global metabolic abnormalities that were
present in regions of the brain both with and without
abnormal MR imaging appearance. These findings
(increased choline and creatine, mildly decreased N-
acetylaspartate) suggest a diffuse metabolic defect in
association with RPLS, possibly consistent with micro-
glial activation and neuronal dysfunction. These abnor-
malities were not predictive of poor neurologic out-
come, and, in one patient who underwent follow-up MR
spectroscopic imaging, were reversible.
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