Hypertension Research (2018) 41:598-604
https://doi.org/10.1038/541440-018-0051-3

ARTICLE
®

Check for

Neuroimaging findings in women who develop neurologic
symptoms in severe preeclampsia with or without eclampsia

Xiaodan Di'? - Hui Mai® - Zheng Zheng? - Kaimin Guo? - Abraham N. Morse? - Huishu Liu?

Received: 7 August 2017 / Revised: 26 November 2017 / Accepted: 19 December 2017 / Published online: 29 May 2018
© The Japanese Society of Hypertension 2018

Abstract

Eclampsia is a leading cause of maternal and fetal morbidity and mortality worldwide, and its pathogenesis remains elusive.
Our objective was to investigate neuroimaging findings in women who developed neurologic symptoms in severe
preeclampsia with or without eclampsia to further understand the relationship between neuroimaging findings and the
pathogenesis of eclamptic seizures. This retrospective study included 79 women with severe preeclampsia/eclampsia who
underwent brain MRI/CT examination between 2005 and 2017. We analyzed imaging findings, clinical data, and laboratory
data in order to compare patients with severe preeclampsia to those with eclampsia and patients with abnormal imaging
findings to those with normal CT or MRI. A total of 41 of 79 women were diagnosed with eclampsia, 36 (88.80%) of which
had abnormal neuroimaging findings, including cerebral edema (19 cases), infarction (5 cases), cerebral venous thrombosis
(5 cases), and cerebral hemorrhage (7 cases). Five patients died of cerebral hemorrhage. Of the 38 cases of severe
preeclampsia, 21 (55.26%) cases had abnormal imaging findings, including cerebral edema (20 cases), and 1 case had
cerebral hemorrhage. Serum uric acid was significantly higher in patients with abnormal imaging findings than in patients
without them (P =0.004). The imaging findings in women with neurologic symptoms were similar between the severe
preeclampsia and eclampsia groups. Our results suggest that eclampsia may not be a diagnosis with a unique pathogenesis;
rather, it may be best considered a severe symptom of the intracranial pathophysiology of preeclampsia. We suggest that
cranial imaging should be performed early in the management of patients with severe preeclampsia who develop new
neurologic symptoms.

Introduction

The neurologic symptoms associated with severe pre-
eclampsia (PE) include headaches, dizziness, visual
disturbances, impaired consciousness, and seizures.
Seizures in the absence of other etiologies are labeled
“eclampsia”. Most reports place the incidence of
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eclampsia at 3/1000 to 9/1000 pregnant women [1, 2]
and it is still a leading cause of maternal and fetal
mortality worldwide.

The pathophysiology of PE is thought to be primarily
related to vascular dysfunction [3], but the actual patho-
genesis of eclamptic seizures remains elusive. However, we
are now able to visualize and monitor the cerebral impact of
hypertensive disorders in pregnancy and eclampsia with
MRI or CT scans. Reversible posterior leukoencephalo-
pathy syndrome (RPLS) [4] was a term coined to describe
the imaging findings of patients displaying extensive bilat-
eral white-matter abnormalities suggestive of edema in the
posterior regions of the cerebral hemispheres. RPLS was
initially thought to be a unique cerebral finding in
eclampsia, but Topuz [5] described similar imaging findings
in pregnancy-induced hypertension. It was noted that these
findings were all also found commonly in non-gestational
hypertensive encephalopathy.

Older studies on imaging findings in eclampsia are
inconsistent, but this consistency may be because many of
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these studies excluded cases with intracranial hemorrhage
or infarction based on the early concept of eclampsia.
Therefore, we conducted a retrospective analysis of patients
diagnosed with severe preeclampsia who developed new
neurologic symptoms with or without eclampsia without
excluding patients who had hemorrhage or infarction on
neuroimaging to better understand the management of these
patients.

Methods

This retrospective study was conducted in the Guangzhou
Women and Children’s Medical Center and The Obstetric
Critical Care Center of the Third Affiliated Hospital of
Guangzhou Medical University from January 2005 to
February 2017. We identified patients with eclampsia and
those with severe preeclampsia who developed new neu-
rologic symptoms, such as headaches, dizziness, visual
disturbances, and mental status changes, who underwent
MRI or CT within 3 days of the onset of symptoms. There
were 79 patients who fulfilled the criteria, 41 of whom were
diagnosed with eclampsia. Maternal characteristics (such as
age, parity, and blood pressure), laboratory data, and radi-
ologic findings were collected.

Severe PE was diagnosed based on the diagnostic criteria
established by the American College of Obstetrics and
Gynecology [6]. Eclampsia was defined as the occurrence
of seizures that could not be attributed to other causes in
pregnant patients with PE [7].

Magnesium sulfate prophylaxis was used in all patients
with severe PE, and some patients were treated with labe-
talol hydrochloride and calcium channel blockers, such as
nifedipine, to control blood pressure before the seizures
occurred. All patients received magnesium sulfate by the
Pritchard regimen upon diagnosis of severe PE and/or
eclampsia.

Subjects were considered to have abnormal imaging if
their initial CT or MRI report described cerebral edema,
cerebral infarction, cerebral venous thrombosis, or cerebral
hemorrhage. If none of the above findings were reported,
the subject was categorized as “normal imaging”.

Cerebral edema was generally defined as the presence
of imaging findings consistent with excess accumulation
of fluid in the intracellular or extracellular spaces of the
brain. The CT scan showed hypo-densities in cerebral
parenchymal. The MRI showed hyper-intensity lesions
on T2 and FLAIR imaging and hypo-intensity on T1
imaging.

SPSS19.0 (SPSS, IBM, New York) was used for statis-
tical analysis. For statistical comparisons, y* and Student’s
test were used as appropriate. P values less than or equal to
0.05 were considered statistically significant.

Table 1 Comparison of clinical and laboratory data on admission
between patients with eclampsia and severe pre-eclampsia groups

Subject Eclampsia (N= Preeclampsia (N =
41) 38)
Age (y) 28.3+6.6 31.7+6.5 0.025
Pregnant weeks (w) 345+49 30.6+4.4 <0.001
Systolic pressure (mmHg) 174 +29.3 173+24.2 0.789
Diastolic pressure (mmHg) 112+ 18.9 114+17.8 0.673
White blood cell count 16.3+4.5 120+39 <0.001
(10°/L)
Neutrophil percentage (%) 86.6+6.1 78.6+89 <0.001
Platelet count (10°/L) 157 +£84.9 165+75.4 0.630
ALT (U/L) 102 £ 237 402+54.0 0.114
AST (U/L) 148 +314 48.2+51.0 0.052
Uric acid (umol/L) 527 +168 473129 0.110
Creatinine (umol/L) 98.2+72.8 81.3+£28.7 0.173
HELLP (N, %) 11 (26.8%) 4 (10.5%) 0.065
Placental abruption (N, %) 11 (26.8%) 2 (5.3%) 0.010
Hepatic dysfunction (N, 9 (22.0%) 6 (15.8%) 0.485
%)
Renal dysfunction (N, %) 10 (24.4%) 6 (15.8%) 0.342
Abnormal cardiac function 2 (4.9%) 2 (5.3%) 0.938
N, %)
Results

Clinical characteristics of the patients

Of the 79 patients who fulfilled the inclusion criteria, 41
patients (52%) were diagnosed with eclampsia, and 38
(48%) patients were diagnosed with severe PE without
eclampsia.

Among the 41 patients in the eclampsia group, 7 (17%)
cases occurred postpartum and 5 (12%) cases had no
abnormal neuroimaging findings. The white blood cell
count and neutrophil percentage were significantly higher in
the eclampsia group than in the severe PE group. There was
a significant increase in the incidence of placental abruption
in the eclampsia group. There was a trend toward higher
AST in the eclampsia group. Table 1 shows admission
clinical and laboratory data in patients with eclampsia and
severe PE. In the severe PE group (i.e., no seizure), all
patients were treated with antihypertensive medications
(labetalol and/or nifedipine, and/or glyceryl trinitrate, and/or
nitroprusside); however, in the eclampsia group, only 12/41
(29%) patients were treated with anti-hypertensive therapy
before seizures occurred. All eclampsia patients received
anti-hypertensive therapy (labetalol and/or nifedipine, and/
or glyceryl trinitrate, and/or nitroprusside) once seizures
were identified.

A total of 36 of 41 cases (89%) of eclampsia had
abnormal neuroimaging findings, whereas 21 (55%) cases

SPRINGER NATURE



600

X. Di et al.

of severe PE had abnormal neuroimaging. Of the eight
patients with cerebral hemorrhage, five died—all of whom
were in the eclampsia group. Details on the imaging findings
are shown in Table 2. Representative MRI/CT examples of
each key neuroimaging finding (edema, infarction, hemor-
rhage, and venous thrombosis) are shown in Figs. 1-4.

Table 3 compares the clinical and laboratory character-
istics of patients with and without abnormal neuroimaging
findings. Uric acid was significantly higher in patients with
abnormal imaging than in those with normal imaging, and
more patients with abnormal imaging had renal dysfunction
and HELLP than patients with normal imaging.

Discussion

Obstetricians and obstetric researchers have typically con-
sidered eclampsia to have a unique pathophysiology that
develops in a background of PE and use the term for a

Table 2 Imaging findings in patients with neurologic symptoms
diagnosed with eclampsia or severe preeclampsia

Imaging changes Eclampsia (N = Preeclampsia (N=  P*
41) 38)

Cerebral edema 19 (46.3%) 20 (52.6%)

Cerebral infarction 5 (12.2%) /

Cerebral venous 5 (12.2%) /

thrombosis

Cerebral hemorrhage 7 (17.1%) 1 (2.6%)

Without abnormal 5 (12.2%) 17 (44.7%) 0.001

cranial imaging

With abnormal 36 (87.8%) 21 (55.3%)

cranial imaging

*P value for the comparison of abnormal imaging findings between
eclampsia and severe preeclampsia

separate diagnosis within the category of hypertensive dis-
orders of pregnancy. However, in our series, we noted (as
did other investigators) [5, 8] that many of the abnormal
imaging findings typically associated with eclamptic sei-
zures were found in patients with severe PE who did not
experience seizures. This finding raises the possibility that
eclampsia may not be a separate disease but rather one of
several symptoms (albeit a dramatic one) of the cerebral
pathophysiology of PE arising from the barotrauma and
inflammatory changes seen in pregnancy-induced
hypertension.

In our series, most patients with severe PE and neuro-
logic symptoms had imaging abnormalities, such as cerebral
edema, cerebral infarction, and cerebral hemorrhage. Other
researchers have reported [8—10] similar findings of edema
and infarction in women with PE. Matsuda [9] hypothesized
that an abnormal cerebral MR may predict the onset of
eclampsia in women with severe PE. In their series of 41 PE
patients, 11 patients had cerebral edema and 6 of these 11
patients developed seizures after delivery. Mayama [11]
reported on 39 patients with neurologic symptoms and PE
or eclampsia and found that the clinical and radiologic
findings of posterior reversible encephalopathy syndrome
were similar between the two groups, supporting the con-
cept that these patient groups have a shared pathophysio-
logic background.

Hinchey [4] articulated the concept of RPLS to describe the
MRI findings of patients displaying extensive bilateral white-
matter abnormalities suggestive of edema in the posterior
regions of the cerebral hemispheres in 1996. Since then, many
researchers have considered PRLS as a unique cerebral
pathology of eclampsia [9, 12, 13]. However, some
researchers [1, 5, 14] noted that the neuroimaging findings in
eclampsia and PE also include cerebral edema and infarction,
not just PRLS. As early as 1973, Sheehan reported that

Fig. 1 Cerebral edema in CT and MRI in a severe PE patient. Severe
PE: A 32-year-old patient, 35+ weeks pregnant, with blurred vision
and hypertension. A The arrows show bilateral occipital-temporal
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Fig. 2 Cerebral infarction in MRI in an eclampsia patient. Eclampsia:
A 25-year-old patient, 35+ weeks pregnant, with seizure at home. The
arrows show abnormal signals in corpus callosum. A T1-weighted MR

A

Fig. 3 Cerebral hemorrhage in a severe PE patient. Severe PE: A 28-
year-old patient, 254+ weeks pregnant, with headache and hyperten-
sion. The arrow in DSA shows right ventricular hemorrhage

autopsy findings in women who died after suffering eclamptic
seizures showed cerebral edema, hemorrhage, and infarction
[15]. Another observation that supports the concept of
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imaging shows hypo-intensity; B, C T2-weighted MR imaging and
T2WI/FLAIR show hyper-intensity; D DWI shows hyper-intensity; E
ADC value decreased. All observations suggest cerebral infarction

eclampsia as a symptom rather than a disease comes from the
observation that neuroimaging findings related to hypertensive
disorder in pregnancy overlap extensively with non-pregnant
patients suffering from hypertensive encephalopathy [16]. In
addition, in a rat model of eclampsia, researchers have found
biochemical evidence that systemic and neuronal inflammation
may decrease the seizure threshold [17-19]. Is it possible that
the infarction, central venous thrombosis, and hemorrhage
seen macroscopically are the source of the increase in local
inflammatory responses?

Cerebral insults related to hypertensive disorder in
pregnancy can be seen in different imaging findings and
require different management approaches, especially for
patients with demonstrable abnormal imaging findings on
cerebral MRI or CT changes in the brain. Cerebral hemor-
rhage is not surprisingly associated with a very high mor-
tality rate in patients with PE. In our series, five of seven
patients in the eclampsia group with cerebral hemorrhage
died. We previously reported that patients with eclampsia
and HELLP syndrome were more likely to suffer intracra-
nial hemorrhage and death [20]. Other reports also noted
increased mortality in patients with cerebral hemorrhage [5,
21]. Because specific and emergent management is required
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Fig. 4 Cerebral venous thrombosis in an eclampsia patient. Eclampsia: A 38-year-old patient, 40 weeks pregnant, with seizure at home. The arrow
in A—C shows transverse sinus venous thrombosis in MRV

Table 3 The clinical and

Jaboratory characteristics of Subject With imaging findings (57 Without imaging findings (22 P

patients with and without cases) cases)

imaging findings Age () 29.7+6.81 30.6 + 6.64 0.595
Pregnant weeks (w) 33.0+4.89 31.7+5.34 0.331
Systolic pressure (mmHg) 175 +28.1 170 £23.3 0.431
Diastolic pressure (mmHg) 114 +20.3 109+ 11.5 0.304
White blood cell count (10°L)  14.8+4.78 12.7+4.30 0.070
Neutrophil percentage (%) 84.0+£7.75 79.5+£9.88 0.034
Platelet count (10%/L) 155+85.0 176 £65.0 0.296
ALT (U/L) 82.1+203 45.8+£65.2 0416
AST (U/L) 118 £270 52.9+59.7 0.091
Uric acid (umol/L) 531+ 151 424 + 128 0.004
Creatinine (umol/L) 96.0+61.8 74.8 +35.8 0.135
HELLP (N, %) 14 (24.6%) 1 (4.6%) 0.042
Placental abruption (N, %) 12(21.1%) 1 (4.6%) 0.076
Hepatic dysfunction (N, %) 12(21.1%) 3 (13.6%) 0.451
Renal dysfunction (N, %) 16(28.1%) 0 0.005
Abnormal cardiac function (N, 4(7.0%) 0 0.202
%)

Fig. 5 Proposed updated management algorithm for new neurologic symptoms in pregnancy
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to reduce morbidity and mortality in patients with cerebral
hemorrhage, we believe that early cerebral imaging is
highly desirable in patients with a new onset of neurologic
symptoms in the setting of PE.

Based on our experience and that of others, we believe
that an updated protocol for the evaluation and management
of patients who manifest neurologic symptoms with severe
PE should be considered (Fig. 5).

Blood pressure elevations were similar in women with
severe PE and those who presented with seizure. Because
severe hypertension can increase the risk of severe end-
organ damage, such as renal failure, placental abruption,
and cerebral hemorrhage [22, 23], we suggest that aggres-
sive antihypertensive therapy is very important in pregnant
patients with severe hypertension.

One other related observation in our case series was the
association between the level of uric acid and a higher risk
of abnormal imaging findings. This association was noted in
another study as well [21]. As uric acid levels are a marker
of oxidative stress, tissue injury, endothelial injury, and
renal damage, there is some biological plausibility to the
idea that uric acid levels are correlated with the activation of
inflammatory cascades and thus are a predictor of more
severe complications in patients with severe PE.

Conclusion

The neuroimaging findings in women with neurologic
symptoms and severe PE include cerebral edema and
hemorrhage. A similar range of abnormalities is seen in
women with eclampsia, including cerebral edema, infarc-
tion, hemorrhage, and cerebral venous thrombosis. Con-
sideration of the findings from our series and from other
reports leads us to suggest that eclampsia may be not a
diagnosis with a unique pathogenesis; rather, it should be
considered a severe symptom of the intracranial pathophy-
siology of PE. Due to the high mortality associated with
intracranial events in patients with severe PE and eclampsia,
we also suggest that neuroimaging should be considered
early in the management of patients with severe pre-
eclampsia who develop new neurologic symptoms.
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