
Introduction

Pre-eclampsia is defined as the development of hyper-
tension, proteinuria, and oedema after the 24th week of
gestation; it occurs in 4–5% of pregnant women [1, 2].
Eclampsia is defined as seizures before, during or after
delivery in patients with pre-eclampsia. Pre-eclamptic
and eclamptic patients develop many neurological
problems, such as headache, visual changes, confusion,
and seizures [3], and neuroimaging studies are abnormal
[4, 5, 6, 7].

The reportedMRI features of eclampsia are reversible
lesions with prolonged T2, predominantly in the poste-
rior cerebral white matter [6, 7, 8]. Recent case reports
indicate that diffusion-weighted MRI (DWI) can dis-
criminate cytotoxic and vasogenic oedema in eclamptic
patients [9, 10, 11]. We analysed the distribution of
lesions and DWI features in eclamptic patients.

Materials and methods

We reviewed MRI of five eclamptic patients (Table 1), aged 26-
33 years (mean 29.2 years). All patients were primigravida and
developed seizures before, during or after delivery. All were ex-
amined by MRI within 4 days of onset.

All underwent MRI at 1.5 tesla. We acquired fast spin-echo
(FSE) and fluid-attenuated inversion-recovery (FLAIR) T2-
weighted images with the following parameters: FSE: TR 3903 TE
100 ms, echo train length (ETL) 10, FLAIR TR 10000 TE 120 TI
2725 ms, ETL 17. DWI was obtained in four patients using a dif-
fusion gradient in three orthogonal directions, with a maximum b
of 1000 s/mm2. We used single-shot, multisection, SE echo-planar
imaging: TR 4000 TE 100 ms, field of view 240 mm, matrix
128·96, obtaining 19 sections 6 mm thick, 1 mm intersection gap
with all sequences.

We generated apparent diffusion coefficient (ADC) using an
image analysis system, and we assessed the isotropic (b 1000
s/mm2) DWI and ADC maps. ADC were measured from regions of
interest within areas of apparently normal white matter and within
high-signal lesions on FLAIR images.
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Abstract Eclampsia is a rare condi-
tion peculiar to pregnant and puer-
peral women. We analyse imaging
features in five patients with
eclampsia, and determine whether
diffusion-weighted imaging (DWI)
could differentiate cytotoxic and
vasogenic oedema in four of them.
All were imaged within 4 days of the
onset of symptoms. We found le-
sions with a prolonged T2 in the
brain of all five patients, in the basal
ganglia in four, pons in three and
posterior cerebral white matter in
two. Isotropic DWI revealed vari-
able intensity in these regions. The
ADC was decreased in one, and in-
creased in all the others. The lesion

with reduced ADC progressed to
infarction.
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Results

All patients had systemic hypertension, but only pa-
tients 4 and 5 had severe hypertension, with blood
pressures >180/110 mm Hg. Two patients were diag-
nosed as having the HELLP syndrome (Table 1). We
saw lesions with prolonged T2 in all patients (Table 2).
The most affected regions were the basal ganglia, in
which two patients had bilateral and two unilateral ab-
normalities. The pons was abnormal in three patients,
and the subcortical white matter in two patients. Pa-
tient 1 had a very faint long-T2 lesion in left basal
ganglia, which were more prominent on FLAIR images
(Fig. 1). Patient 2 had an intraventricular haemorrhage,
and we carried out ventricular drainage (Fig. 2). Pa-

tient 3 had bilateral multifocal lesions predominantly in
the posterior subcortical cerebral white matter (Fig. 3).

Table 3 summarises the isotropic DWI and ADC
findings. Isotropic DWI revealed variable intensity in
regions which appeared abnormal on T2-weighted im-
ages. The ADC was decreased in one lesion, and in-
creased in all the others that showed low, high or
isointensity on isotropic DWI. The lesion with reduced
ADC, in patient 2, had progressed to cerebral infarction
on the subsequent, but the patient had no neurological
deficit on discharge.

Discussion

Neuroimaging studies in eclampsia have shown revers-
ible lesions of low density on CT and high signal on T2-
weighted MRI in the subcortical white matter and basal
ganglia [4, 5, 6, 7, 8], occasional infarcts [11, 12, 13] and
intracerebral haemorrhage [14, 15]. Digre et al. [8] re-
ported that nine of 10 eclamptic patients had abnormal

Table 1 Clinical features of patients with eclampsia

Patient Age, years Pregnant, weeks Onset of seizures Delivery Highest blood
pressure, mm Hg

MRI after
onset, days

Other tests

1 26 40 just after delivery natural 150/80 2 day
2 27 38 during delivery vacuum 156/90 3 day
3 28 33 before delivery cesarean 140/100 4 day HELLPa syndrome
4 32 39 during delivery natural 208/130 2 day
5 33 39 1 hour after delivery natural 200/100 4 day HELLP syndrome

Table 2 Abnormal signal on T2-weighted images

Patient Brain stem Basal ganglia Capsules Subcortical white matter

Putamen Caudate nucleus Globus pallidus

1 Left Left
2a Pons Bilateral Bilateral Bilateral Bilateral
3 Bilateral occipital, parietal, frontal
4 Pons Lt Left Left Right parietal
5 Pons Bilateral Right Bilateral –

aintraventricular haemorrhage in addition

Fig. 1a–d Axial MRI through one level in patient 1. T2 weighted a
fast spin-echo (FSE) b FLAIR images show slightly high signal in
the left putamen and the head of the caudate nucleus. c Isotropic
diffusion-weighted imaging (DWI) and d an apparent diffusion
coefficient (ADC) map showed no difference from the right side
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signal on MRI; the one patient with normal MRI was
examined 5 days postpartum. All our patients showed
abnormalities and patient 1 had a very faint lesion on
the day after onset (Fig. 1). This may have disappeared
after few days, because other obvious lesions had re-
turned to normal on follow-up in patients 4 and 5. Thus,

MRI was abnormal in almost all patients with eclampsia
during the acute phase.

We found abnormalities predominantly in the basal
ganglia, and none was evident in the subcortical white
matter of three patients. One report [8] described that
the basal ganglia was involved in three of nine patients,

Fig. 2a–f Patient 2. a CT
shows intraventricular haemor-
rhage and low density bilater-
ally in the basal ganglia and
external capsule. T2-weighted b
FSE and c FLAIR images show
multiple high lesions in these
areas. d DWI shows the very
high signal in the left putamen.
e ADC map showing low ADC
in the left putamen, and in-
creased ADC bilaterally in the
external capsule. f FLAIR im-
age 3 months later shows high
signal in the left putamen, sug-
gesting an infarct

Fig. 3a–c Axial MRI in pa-
tient 3. a FLAIR image shows
multiple high-signal lesions bi-
laterally in frontal and parietal
subcortical white matter. b On
DWI the frontal lesions give
slightly high and the parietal
lesions slightly low signal c
ADC map: all lesions show
slight increase in ADC

Table 3 Diffusion-weighted imaging (DWI) and apparent diffusion coefficients (ADC) in lesions with long T2

Patient Site Signal
on DWIa

ADC
map

ADC (·10–3mm2/s) ADC normal white
matter (·10–3mm2/s)

Follow-up
MRI

1 Left putamen Isointense Bright 0.963 0.805 None
2 Left putamen High Dark 0.681 0.779 Infarct

Right putamen High Bright 1.079 0.779 Normal
Left external capsule Low Bright 1.612 0.779 Normal

3 Right parietal Isointense Bright 1.340 0.795 None
4 Left putamen High Bright 0.960 0.837 Normal

acompared with normal white matter
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and summarised previous reports in which the basal
ganglia were abnormal in five of 19 patients. Basal
ganglia involvement was also associated with lesions in
the white matter. The reason for these discrepancies with
our results is unknown. In eclampsia, the lesions were
mainly in the basal ganglia and subcortical white matter,
bilaterally or unilaterally, and a number of patients have
abnormalities only in the basal ganglia.

The basal ganglia are involved in uraemic encephal-
opathy [16, 17, 18], including glomerulonephritis, hae-
molytic-uraemic syndrome (HUS) and thrombotic
thrombocytopenic purpura. Two hypotheses have been
proposed to explain uraemic encephalopathy [19]. One is
that the blood-brain barrier is penetrated due to endo-
thelial injury by uraemic toxins, which increases the
concentration of water in the brain parenchyma, causing
oedema and neurological disturbances. Endothelial
dysfunction has been considered one of the key causative
mechanisms of pre-eclampsia [20, 21], and increased
permeability of endothelial cells was demonstrated in
pre-eclamptic patients [22]. Abnormal red blood cell
morphology and elevated lactic dehydrogenase, which
indicate microangiopathic haemolysis and endothelial
damage, are associated with pre-eclampsia and eclamp-
sia accompanied by brain oedema [23]. The other hy-
pothesis is that intravascular microthrombi occlude
cerebral arterioles or capillaries, causing focal hypoxia
and associated oedema. In both theories, the basal
ganglia are likely to be most affected because they are

nourished by small, fragile end-arteries susceptible to
insult from toxins or microemboli [19]. We postulate
that the pathophysiology of eclampsia includes both
increased permeability of small vessels due to endothelial
injury and a breakdown in cerebrovascular autoregula-
tion caused by hypertension.

Most eclamptic patients have reversible lesions with
long T2 [6, 8], but some progress to infarction [11, 12,
13]. Therefore, it may be helpful to differentiate cyto-
toxic and vasogenic oedema in the acute phase. We
found that areas giving abnormal signal on T2-weighted
images varied on isotropic DWI, causing difficulties in
assessment, because of T2 shine-through [24]. To assess
such lesions, it was necessary to look at them quantita-
tively.

Three case reports have described eclamptic enceph-
alopathy and ADC changes [9, 10, 11]. Two [9, 10]
showed extensive bilateral lesions on T2-weighted im-
ages, in which an ADC map revealed an increased in
ADC, suggesting vasogenic oedema; this returned to
normal on follow-up. Another [11] described similar le-
sions in the brain, but an ADC map showed, while that
many had an increased ADC, indicating, vasogenic oe-
dema, some had small areas within them in which the
ADC was decreased, suggesting cytotoxic oedema.
These progressed to infarction on follow-up. Our find-
ings were consistent with these. Quantitative diffusion
measurements predicted irreversible changes in patients
with other types of hypertensive encephalopathy [25, 26].

References

1. Lindheimer MD, Katz AI (1989) Pree-
clampsia: pathophysiology, diagnosis,
and management. Annu Rev Med 40:
233–250

2. Cunningham FG, Lindheimer MD
(1992) Hypertension in pregnancy. N
Engl J Med 326: 927–932

3. Thomas SV (1998) Neurological aspects
of eclampsia. J Neurol Sci 155: 37–43

4. Fredriksson K, Lindvall O, Ingemars-
son I, Astedt B, Cronqvist S, Holtås S
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