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PURPOSE: To compare the MR imaging and MR angiographic changes with in vivo proton MR
spectroscopic findings and to determine the spectral differences between edema and ischemia in
patients with eclampsia. METHODS: Spin-echo MR imaging, MR angiography, and single-voxel
proton MR spectroscopy were performed in 10 patients with eclampsia. MR studies were obtained
within 3 to 5 days of diagnosis and repeated after 2 weeks with identical parameters. RESULTS:
Multifocal subcortical/cortical hyperintensities were noted in all 10 patients on T2-weighted images; in two patients, hyperintensities were seen in both cerebral hemispheres. In nine patients, MR
angiograms showed narrowing of the major vessels constituting the circle of Willis that resolved
after 2 weeks. In one patient with subtle imaging changes, MR angiography showed mild bilateral
narrowing of the proximal middle and posterior cerebral arteries that did not change after 2 weeks,
whereas imaging abnormalities worsened. Findings at single-voxel MR spectroscopy of the reversible T2 hyperintense lesions were significantly different from findings in the control group for
N-acetylaspartate (NAA)/creatine ratios. One patient with mild abnormalities at MR imaging and
MR angiography had lactate and decreased creatine and NAA, and on a follow-up study had a
further decrease of NAA and creatine as well as a decrease in lactate. CONCLUSION: In vivo
proton MR spectroscopy may help to differentiate cerebral edema from ischemia in patients with
eclampsia and thus may help to determine the prognosis for these patients.
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angiography
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The neuropathogenesis of preeclampsia/
eclampsia is poorly understood. Multiple factors
have been implicated, including cerebral vasospasm, hemorrhage, ischemia, edema, and hypertensive and metabolic encephalopathy (1–
3). One of the many hypotheses proposed is
that an acute elevation in mean arterial pressure
exceeds the capillary resistance, resulting in cerebral edema (4, 5). Magnetic resonance (MR)
imaging has been useful in demonstrating tran-

Received November 26, 1996; accepted after revision March 11, 1997.
From the Department of Obstetrics and Gynecology, KG Medical College (A.R.S., K.D.), the Departments of Radiology (R.K.G.) and Neurology
(A.K.D.), Sanjay Gandhi Post-Graduate Institute of Medical Sciences, and
the Regional Sophisticated Instrumentation Center (R.R.), Lucknow, India.
Address reprint requests to Rakesh K. Gupta, MD, Department of Radiology, Sanjay Gandhi Post-Graduate Institute of Medical Sciences, Lucknow 226014, India.
AJNR 18:1485–1490, Sep 1997 0195-6108/97/1808 –1485

© American Society of Neuroradiology

sient bilateral parietooccipital high signal intensities involving the cortex and subcortical white
matter (6 –12). Contrast-enhanced angiography and MR angiography have demonstrated
reversible vasospasm of the medium and large
intracranial vessels (8, 13–16). In vivo proton
MR spectroscopy has been used in the examination of a wide variety of intracranial lesions
(17). Characteristic spectral changes in acute
cerebral ischemia have been reported in human
and animal studies (18, 19). The present study
was performed to compare the MR imaging and
MR angiographic changes with in vivo proton
MR spectroscopic findings and to determine
spectral differences between edema and ischemia in patients with eclampsia.
Materials and Methods
Ten women, 17 to 21 years old, who fulfilled the clinical
criteria of the American Society of Obstetrics and Gyne-
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cology for the diagnosis of eclampsia were included in the
study (20). Antepartum eclampsia was seen in six women
in the late trimester of pregnancy, two women had intrapartum eclampsia, and two had postpartum eclampsia.
Convulsive episodes ranged in number from three to 12.
All MR studies were performed within 3 to 5 days of the
diagnosis of eclampsia, and all patients were treated conservatively. Nine patients had no focal neurologic deficits,
and one patient was in a coma. All patients were mildly
hypertensive at the time of the first study; nine were clinically normal at the time a repeat examination was performed after 2 weeks. None of the patients complained of
visual problems, but no detailed neuroophthalmologic examination was performed. One patient worsened while
being treated conservatively.
MR studies were performed on a 1.5-T superconducting
system with a circularly polarized head coil. The brain MR
imaging protocol included axial spin-echo T1-weighted
images (550/14/3 [repetition time/echo time/excitations])
and proton density– and T2-weighted images (2200/
20,80) with a 192 3 256 matrix, 5-mm-thick sections, and
a 0.5-mm intersection space. MR angiograms were obtained with a three-dimensional time-of-flight magnetization transfer prepared sequence. MR venograms were obtained in all patients after intravenous injection of contrast
material. Single-voxel proton MR spectroscopy was performed with a spin-echo sequence (3000/135/128). A
voxel of 2 3 2 3 2 cm3 was selected and placed on the
hyperintense lesion visible on T2-weighted images in the
right frontal lobe (n 5 4) and the parietal lobe (n 5 6) on
the first and subsequent studies. The location of the voxel
was ensured with the help of anatomic landmarks. Repeat
MR imaging and spectroscopy were performed with identical parameters as used in the first study. The images
were analyzed for the location of hyperintense signal and
narrowing of vessels. Spectral postprocessing was done
with zero-filling (4K data points), gaussian multiplication,
Fourier transformation, constant phase correction, and
real part extraction. No baseline correction was done. The
peak heights of N-acetylaspartate (NAA) at 2.02 ppm,
choline-containing compounds (Cho) at 3.22 ppm, and
creatine (Cr) at 3.02 ppm were measured, and NAA/Cho,
NAA/Cr, and Cho/Cr ratios were calculated. Spectral evaluation was done independently by two of the investigators.
The assignment of resonances was based on the existing
literature (17). These ratios were compared with follow-up
studies and with those in 10 healthy age- and sex-matched
control subjects to ascertain significant differences. Sedation was given in appropriate doses when required.
Results were expressed as mean 6 standard deviation.
One-way analysis of variance was used for between-group
comparisons.
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and parietal lobes. The frontal lobes were involved in seven patients, the temporal lobes in
two, the basal ganglia in two, and the cerebellum in one. Imaging abnormalities reversed
completely when the study was repeated after 2
weeks in nine patients, who also made a complete clinical recovery. MR angiograms in these
patients showed narrowing of vessels of the circle of Willis (Fig 1) in the first study. On follow-up examination after 2 weeks, the MR angiographic findings were normal in six patients
while residual spasm persisted in three. However, all three of these patients made a complete clinical recovery. Repeat examination in
these patients was not possible, as they were
lost to follow-up. Findings on MR venograms
were normal in all cases. In vivo proton MR
spectroscopy showed NAA/Cho, NAA/Cr, and
Cho/Cr ratios to be 1.985 6 0.06, 1.841 6 0.03,
and 0.947 6 0.03, respectively, in the first
study; after 2 weeks, the ratios were 1.986 6
0.05, 1.850 6 0.04, and 0.969 6 0.07, respectively. In the age- and sex-matched control subjects, NAA/Cho, NAA/Cr, and Cho/Cr ratios
from the corresponding normal regions were
2.110 6 0.10, 1.900 6 0.02, and 0.896 6 0.06,
respectively. In the initial study, NAA/Cho and
NAA/Cr ratios were significantly less than those
for the healthy control subjects (P 5 .02, P 5
.004, respectively). The same findings persisted
on follow-up studies. NAA/Cho and NAA/Cr
ratios were significantly lower (P 5 .02, P 5
.028) than those in the control subjects, suggesting persistence of spectral changes on repeat studies. There was no significant difference
in Cho/Cr ratios among the three groups (Fig 1).
One patient had an increase in T2 hyperintensities after 2 weeks as compared with the
first study, along with dilatation of the lateral
ventricles. An MR angiogram in this patient
showed narrowing of both middle cerebral and
posterior cerebral arteries, which persisted after
2 weeks. Initial MR spectroscopy of the right
frontal lobe showed a decrease in NAA and Cr,
with the presence of lactate at 1.33 ppm; at
follow-up, NAA and Cr showed further decrease, with a decrease in lactate as well. Cho
did not exhibit any change relative to the first
study.

Results
A summary of the clinical, MR imaging, and
MR spectroscopic findings appears in the Table.
All patients had involvement of the occipital

Discussion
Cranial MR imaging in women with eclampsia
reveals characteristic multifocal curvilinear ab-
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Fig 1. Reversible T2 hyperintensities in eclampsia.
A, Axial T2-weighted image (2200/80/1) through the preventricular level shows cortical and subcortical hyperintensities in the frontal
and occipital lobes.
B, MR angiogram shows nonvisibility of the proximal anterior cerebral, middle cerebral, posterior cerebral arteries. The carotid arteries
and basilar artery are narrowed.
C, Proton spectrum obtained with spin-echo imaging at 135 milliseconds in the right frontal region (inset in A) shows significantly
lower NAA/Cho and NAA/Cr ratios than the same region in healthy control subjects.
D, After 2 weeks, repeat T2-weighted MR image (2200/80/1) in the same region of the brain as in A shows complete resolution of
the lesions.
E, MR angiogram shows marked resolution of the narrowing relative to that in B, with most vessels in the circle of Willis visible. Minimal
narrowing of both proximal posterior cerebral arteries persists (arrows).
F, Repeat spectrum from the same region shows no significant change in NAA/Cho and NAA/Cr ratios as compared with C.

normalities at the gray–white matter junctions
(6 –12). The MR imaging findings have also
been confirmed on gross pathologic specimens
(21). These findings are considered to be characteristic of preeclamptic-eclamptic/hypertensive encephalopathy (21). The lesions appear
hyperintense on T2-weighted images and hypointense on T1-weighted images, and in some

cases small areas of hemorrhage may also be
visible (6 –12). These lesions are usually reversible (6 –12). In our study, the distribution of
abnormalities was similar to that described in
previous studies. The changes were reversible,
with no atrophy after 2 weeks in nine patients;
one patient had more prominent lesions along
with atrophy on the follow-up study. We did not
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observe hemorrhage. Although these imaging
features have been described as characteristic
of eclampsia, similar reversible abnormalities
have been described in patients treated with
cyclosporine and other immunosuppressants,
and are collectively termed reversible posterior
leukoencephalopathy syndrome (22).
Conventional angiographic findings in patients with preeclampsia-eclampsia include reversible cerebral segmental arterial narrowing
of large and medium vessels (8, 13, 14). These
changes are thought to be due to intimal hyperplasia and reversible vasospasm (13, 14). Recently, MR angiography in preeclampsia/
eclampsia has shown reversible vasospasm of
the arteries of the circle of Willis and extending
peripherally (15, 16). We observed diffuse narrowing of the circle of Willis in nine patients that
returned to normal on follow-up studies in the
majority of cases. Reversibility of MR angiographic changes was associated with reversibility of imaging abnormalities. It has been shown
experimentally that sudden elevation of the
mean arterial pressure exceeds the autoregulatory capability of brain vasculature and results
in its failure (5). Regions of vasodilatation and
vasoconstriction develop, especially at the arterial boundary zone, and there is a breakdown
of the blood-brain barrier with focal transudation of fluid and petechial hemorrhage (1, 5).
Levels of plasma endothelin, which is a potent
vasoconstrictive peptide, have been reported to
be increased in patients with preeclampsia
(23). In our one patient with irreversible imaging changes and poor clinical outcome, MR angiography showed bilateral spasm of the proximal middle cerebral and posterior cerebral
arteries, which persisted on the follow-up study.
In patients with acute cerebral ischemia, in
vivo proton MR spectroscopy shows an increase
in lactate less than 24 hours after the onset of
stroke, even when no conventional MR imaging
abnormalities are detectable (18, 19). In patients with T2 hyperintensities, highly depleted
NAA along with the presence of lactate and
variable Cho levels suggests infarction (19). In
the present study, there was a significant decrease in NAA in nine patients with reversible
imaging changes, which persisted even after 2
weeks relative to levels in healthy age- and sexmatched control subjects. The absence of any
detectable lactate and the reversibility of the
imaging changes in these nine patients exclude
infarction as a possible cause of the T2 hyper-
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intensities. Persistence of low NAA even after
complete reversibility of imaging abnormalities
suggests some neuronal loss, although probably not enough to cause cerebral atrophy. In one
patient, the presence of lactate along with a
decrease in NAA and Cr in the first study, when
imaging abnormalities were subtle, suggested
the presence of infarction. The repeat study after 2 weeks showed abnormal imaging findings
along with further depletion of NAA and poor
clinical outcome, confirming the presence of
infarction. The marked decline in NAA in this
patient correlated well with the development of
cerebral atrophy, which probably resulted from
gross neuronal damage.
We believe that cerebral vasospasm plays an
important role in the development of cerebral
edema (seen as increased T2 signal intensity in
the parietooccipital regions) in patients with
eclampsia. Differentiation of cerebral edema
from ischemia with in vivo proton MR spectroscopy is possible and may help to predict the
outcome of patients with eclampsia.
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