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Abstract

Background Posterior reversible encephalopathy syn-

drome (PRES) is associated with variable predisposing risk

factors including preeclampsia and eclampsia since it

proposed. However, studies of large case series focusing on

pregnancy-related PRES are still limited. We performed a

large retrospective study of patients with pregnancy-related

PRES admitted to our institution.

Methods This was a single-center, 2010–2015 retrospec-

tive cohort study of patients with pregnancy-related PRES

who underwent neuroimaging via magnetic resonance

imaging or computerized tomography from mainland

China.

Results 26 of 28 women with eclampsia and 7 of 59

women with preeclampsia had confirmed PRES. A total of

36 patients were finally included as confirmed pregnancy-

related PRES in this research. Acute hypertension was

present in 31 patients (86%). Headache was the most

common presenting symptom (81%) followed by seizures

(73%), altered mental status (57%), nausea/vomiting (47%)

and visual disturbance (33%). Atypical involved regions

included frontal lobe (72%), temporal lobe (67%), basal

ganglia (50%), cerebellum (47%), brain stem (14%) and

thalamus (8%). Atypical neuroimaging features included

restricted diffusion (33%), contrast enhancement (19%)

and hemorrhage (19%). Comorbidities included thrombo-

cytopenia (25%), pulmonary infection (25%), anemia

(19%), fever (17%), acute renal failure (8%), HELLP

syndrome (6%), DIC (6%). Most of patients recovered

completely with timely diagnosis and treatment. Two

patients who suffered DIC finally died.

Conclusions Patients with pregnancy-related PRES may

present with atypical neuroimaging findings. Moreover, our

data supported the view that nearly all imaged patients with

eclampsia had clinical and radiologic findings of PRES.
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Introduction

Posterior reversible encephalopathy syndrome (PRES), first

described as reversible posterior leukoencephalopathy

syndrome (RPLS) in 1996 by Hinchey et al. [1], is an

uncommon clinical-radiological entity characterized by a

variety of symptoms, including headache, seizures, visual

abnormalities and altered mental status, accompanied by

radiologic findings of reversible vasogenic edema, typi-

cally located in bilateral parieto-occipital areas and sub-

cortical white matter [2]. This syndrome has been

recognized in a variety of predisposing conditions,

including acute hypertension, preeclampsia or eclampsia,

renal disease, sepsis, autoimmune disease, and exposure to

immunosuppressants [2].

Preeclampsia is described as new onset hypertension

after 20 weeks of gestation, accompanied by a large

amount of protein in the urine ([300 mg/dl in 24 h) [3].

Eclampsia is the onset of seizures/convulsions in a woman
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with preeclampsia in the absence of any other cause. Both

preeclampsia and eclampsia are associated with many

serious cardiovascular and neurological complications,

including PRES [4–6]. In 2003, a retrospective cohort

study showed that nearly all (25 of 27) patients with

eclampsia who underwent neuroimaging had clinical and

radiologic findings of PRES [7], which is further confirmed

by other studies [4, 8], demonstrating that PRES is a core

component of the pathogenesis of eclampsia. However,

some studies showed conflicting results that only half of

imaged patients with eclampsia can be diagnosed as PRES

[5, 9, 10]. Furthermore, the limited literature has focus on

how often PRES occurs in association with preeclampsia.

So this study aimed to present the first evidence on which

percentage of PRES occurs among patients with eclampsia

and/or preeclampsia from mainland China.

In addition, recent reports indicated that different pre-

disposing risk factors may cause some discrepancies in

MRI appearance of PRES patients. For example,

preeclampsia-eclampsia associated PRES has been shown

to have higher prevalence of intracranial hemorrhage (ICH)

[11, 12] and more basal ganglia involvement [13–15] in

contrast with those PRES with hypertension as the only

cause. But other studies showed inconsistent results, so we

also sought to investigate the clinical and radiologic find-

ings of patients with pregnancy-related PRES admitted to

our institution.

Patients and methods

This project was a single-center, retrospective cohort study

inclusive of imaged patients with pregnancy-related PRES

between January 2010 and December 2015, which was

approved by the institutional review board of our hospital.

Patients selection

Inclusion criteria consisted of the following three criteria:

(1) pregnancy or within 6 weeks’ postpartum; (2) diagnosis

of preeclampsia, eclampsia or PRES; (3) initial neu-

roimaging via MRI or CT was performed within 96 h from

symptoms onset;

Exclusion criteria included the following three criteria:

(1) not being pregnant or longer than 6 weeks postpartum;

(2) known seizure disorder; and (3) diagnosis of PRES with

other predisposing risk factors.

The diagnosis of PRES was made by radiologists using

the following three criteria: (1) clinical presentations of

acute neurologic change, including headache, seizures,

visual abnormalities, altered mental status, or focal neu-

rologic deficits; (2) brain imaging showed cortical or sub-

cortical vasogenic edema with posterior predominance (in

patients with ICH, we assigned the diagnosis of PRES only

if edema was present in at least one area in addition to that

surrounding the hemorrhagic focus or foci.); and (3) clin-

ical or radiologic proof of reversibility.

Imaging analysis

MRI was performed on 1.5- or 3-T scanners, standard

sequences, including sagittal and axial T1-weighted ima-

ges, T2-weighted images and fluid-attenuated inversion

recovery (FLAIR) were obtained in all patients. Specific

sequences included diffusion-weighted images (DWI),

apparent diffusion coefficient (ADC) maps, gadolinium-

enhanced T1-weighted images, MR angiography (MRA)

and MR venography (MRV) were performed in most

patients, respectively. Brain CT and MRI were reviewed

jointly by two neuroradiologists, who would determine via

consensus which cases were truly consistent with PRES.

Clinical data

According to inclusion criteria, a total of 90 imaged

patients (including 28 women with eclampsia, 59 women

with preeclampsia and 3 PRES patients without history of

gestational hypertension) were initially included for sus-

pected subjects in this study. 26 of 28 women with

eclampsia (92%) and 7 of 59 women with preeclampsia

(12%) had confirmed PRES. Adding to three previously

healthy women (all of them had no preeclampsia or

eclampsia during pregnancy), a total of 36 patients with

confirmed pregnancy-related PRES were finally included in

this study. These patients were assessed for demographic,

clinical and laboratory data, comorbidities, neuroimaging

and prognosis (Fig. 1). Demographic and clinical findings

are expressed as mean ± SD, or number (percentage).

Results

Clinical findings

A total of 36 patients with confirmed pregnancy-related

PRES were finally included in this research. Mean ± SD

age at presentation was 26.5 ± 6.40 [minimum–maximum

(min–max), 16–41 years]. The mean gestational age of all

patients was 34.7 ± 4.06 weeks (min–max, 30–39 weeks).

Interestingly, all of 14 postpartum eclamptic patients had

PRES, whereas 9 (82%) of 11 antepartum eclamptic

patients had PRES. All of patients with antepartum PRES

(n = 15, 100%) had cesarean delivery, whereas 17 of 21

patients with postpartum PRES (81%) had cesarean

delivery. The median onset time of postpartum PRES was

on day 3 (min–max, 0–26 days).
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Acute hypertension was present in 31 patients (86%),

with nine patients (25%) had a systolic blood pressure of

180 mmHg or more. Whereas normal blood pressure

(BP\ 140/90 mmHg) was noted in five patients. In addi-

tion, mean peak systolic blood pressure was 160 mmHg

(min–max, 100–220 mmHg), and mean peak diastolic

blood pressure at presentation was 100 mmHg (min–max,

66–150 mmHg).

Headache was the most common presenting symptom

(n = 29, 81%), followed by seizures (n = 26, 72%),

altered mental status (n = 19, 53%), nausea/vomiting

(n = 16, 44%) and visual disturbance (n = 12, 33%).

Common complications included: thrombocytopenia (de-

fined as platelet counts \150, n = 9, 25%), pulmonary

infection (n = 9, 25%), anemia (n = 7, 19%), mild to

moderate fever (defined as body temperature C37.3 �C,

n = 6, 17%), acute renal failure (n = 3, 8%), HELLP

syndrome (n = 2, 6%), and disseminated intravascular

coagulation (DIC, n = 2, 6%).

As for the three PRES patients without history of

eclampsia or preeclampsia, the presenting symptoms

included headache in three patients, altered mental status in

two patients, nausea/vomiting in two patients and visual

disturbance in one patient. Interestingly, acute hyperten-

sion was also noted in two patients after disease onset (156/

82 and 148/110 mmHg, respectively).

Of the 17 patients who underwent lumbar puncture

examination, eight (47%) revealed increased intracranial

pressure, the cerebrospinal fluid (CSF) examination was

mostly normal, except for one case of increased white cell

counts and three cases of elevated protein levels. D-dimer

abnormality (defined as D-dimer[0.5 g/L) was noted in 22

patients (73%), with its average level to be 2.5 ± 1.7 g/L

(min–max, 0.14–7.25 g/L).

The majority of patients got swift diagnosis and was

treated timely by aggressive control of blood pressure and

seizures. However, three patients were difficult to differ-

entiate from cerebral venous sinus thrombosis (CVST);

therefore anticoagulation therapy was administered until

more clinical and radiologic evidence emerged. Most of

those patients achieved complete neurological recovery

except residual deficits in 4 (11%). However, two patients

(6%) suffering DIC finally died. One death was due to

severe coagulopathy from placental abruption and DIC, the

other death was due to postpartum hemorrhage, acute renal

failure requiring dialysis and DIC.

Radiologic findings

The diagnosis of PRES was made using one or more

imaging modalities, including brain CT (n = 30), MRI

(n = 36), MRI with contrast (n = 31), DWI imaging

(n = 30), MRA (n = 18), MRV (n = 25). The parieto-

occipital regions were the most commonly involved

(n = 33, 92%) (Fig. 2), followed by frontal lobe (n = 26,

72%), temporal lobe (n = 24, 67%), basal ganglia

(n = 18, 50%), and cerebellum (n = 17, 47%), brain stem

(n = 5, 14%), thalamus (n = 3, 8%). For three patients

who lacked parieto-occipital involvement, they all had

bilateral basal ganglia edema, with one of them had addi-

tional brainstem involvement. Moreover, they all had a

high BP (178/104, 155/84, 190/150 mmHg, respectively)

after disease onset, and their manifestations dramatically

improved after aggressive antihypertensive therapy, with

edema nearly resolved on follow-up neuroimaging.

Of all patients, 34 (94%) had subcortical involvement

and eight (22%) had cortical involvement. 10 of 30 patients

underwent DWI imaging (33%) revealed restricted

Fig. 1 Patient flow chart,

clinico-radiological features in

36 patients with pregnancy-

related PRES. PRES posterior

reversible encephalopathy

syndrome. Data are presented as

mean ± standard deviation, or

number (percentage)
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diffusion, which was usually punctate and surrounded by

much larger areas of edema (Fig. 2). 6 of 31 patients (19%)

underwent contrast enhancement imaging showed abnor-

mal enhancement (Fig. 3), which included mild, punctate

enhancement (n = 4); linear enhancement (n = 1) and

leptomeningeal enhancement (n = 1).

ICH was present in seven (19%) of all patients: five

patients had parenchymal hemorrhage, one case had sub-

arachnoid hemorrhage and one had both types of hemor-

rhage. The hemorrhage could be noted at initial imaging in

six of seven patients, with delayed hematoma identified on

follow-up imaging in one patient. Six cases of ICH

occurred near the parenchymal edema and associated no

mass effect (Fig. 2), but one patient had large hematoma

along with remarkable mass effect in the right basal gan-

glion (Fig. 4), who also had combined vesogenic edema

and cytotoxic edema according to DWI/ADC images,

together with multifocal vasoconstriction revealed on the

cerebral vascular imaging.

Interestingly, MRV imaging showed flow gaps in cere-

bral sinus of three patients, which were suspected as sinus

thrombosis at one time but later turned out to be normal

variation on following digital subtraction angiography

(DSA).

Follow-up neuroimaging was performed in 30 of 36

cases; the overall median time to follow-up imaging was

9 days (min–max, 2–41 days). Follow-up imaging showed

evidence of radiologic improvement in 29 cases (97%),

with complete or near-complete resolution of brain edema

in 20 patients (67%). One patient had no significant change

probably due to a too early time (2 days) for follow-up

imaging.

Discussion

The present series of patients is the largest single institu-

tional series of imaged patients with pregnancy-related

PRES from mainland China that has been published to

date. Consistent with previous reports [4, 7, 8], our data

also suggest that PRES occurred almost uniformly among

patients with eclampsia. However, other studies showed

that only 41–63% of imaged eclamptic women had clinical

and radiologic findings of PRES [5, 9, 10]. These con-

flicting results, though may be partly caused by the selec-

tion bias, inconsistent diagnostic work-up and racial

difference, remain to be further elucidated. In addition, our

Fig. 2 PRES in a 30-year-old woman with postpartum eclampsia

who had gestational hypertension. a Axial unenhanced CT (day 1)

demonstrate extensive low-density lesions in bilateral cerebral

hemisphere, with a small hematoma in the right occipital regions.

b, c Brain MRI (day 3) showed multiple cortical and subcortical

hyperintense abnormalities in bilateral frontal and parieto-occipital

lobes on fluid-attenuated inversion recovery (FLAIR) imaging, along

with a well-defined hematoma in the right occipital lobe. d–f Repeated

head CT and MRI (day 17) showed nearly complete resolution of

brain edema, better seen in FLAIR. The hematoma is also greatly

absorbed and dissipated

Fig. 3 PRES in a 28-year-old woman with postpartum eclampsia

who was previously healthy. a FLAIR image showed symmetric

hyperintense abnormalities in bilateral basal ganglion. B, DWI image

showed the T2 abnormalities have two distinct diffusion patterns, the

highly hyperintense signal (two arrows) in caudate nucleus indicates

restricted water diffusion and ischemic/cytotoxic edema, while the

nearly normal peripheral region indicates vasogenic edema that is

caused by transient blood–brain barrier breakdown. c The ADC map

revealed a significant reduction in ADC of a bilateral caudate nucleus

(two arrows), compared with high signal in the peripheral area. d The

contrast enhanced T1-weighted MRI showed symmetric punctate

enhancement in bilateral caudate nucleus (two arrows)
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study found that PRES occurred among 12% of imaged

patients with preeclampsia, emphasizing the importance of

having a high index of suspicion among preeclampsia with

neurologic signs. Considering that neuroimaging diagnosis

would not change the key component in treatment—ag-

gressive blood pressure control [5]— we do not recom-

mend performing MRI and/or CT as standard practice in

patients with preeclampsia for suspected PRES.

Consistent with previous studies [4, 15], our data

showed that the majority (86%) of pregnancy-related PRES

patients were complicated with abrupt hypertension, sup-

porting the theory that hyperperfusion caused by abrupt

hypertension that exceeds the retaining capacity of the

brain capillary beds undoubtedly contributes to the devel-

opment of PRES. However, due to the fact that PRES can

develop when blood pressures were well within the usual

range of autoregulation [2], endothelial cell dysfunction

theory is now more widely accepted as the basic reason of

pregnancy-related PRES. The synthesis and secretion of a

variety of endothelial cell and neutrophil chemokines, and

cytokines provoke a vicious cycle that results in disruption

of vascular integrity and vasogenic edema, sometimes

progressing to cytotoxic edema. As reveled in our data and

other studies [7, 16], the prevalence of cytotoxic edema

noted on DWI imaging can be up to 22–33% in pregnancy-

related PRES. In addition, we reported a higher frequency

(19%) of contrast enhancement, which also reflects the

high degree of blood–brain barrier dysfunction in these

patients, though our data conflicts with a lower frequency

reported in a previous study [15].

Notably, our data revealed that pregnancy-related PRES

often occurred in multiple areas of the brain, not neces-

sarily the parietal-occipital region, occurring more com-

monly in basal ganglion (50%) than other predisposing

factors induced PRES. Our results is consistent with the

findings of many studies [13, 15], which suggests a ten-

dency toward involvement of basal ganglia (33–60%) in

preeclampsia-eclampsia-associated PRES, in contrast with

a lower prevalence (18–21%) in PRES induced by other

predisposing diseases. In addition, three patients noted with

basal ganglia and/or brainstem involvement but sparing the

parieto-occipital region, were considered to have a rare

type of PRES—central variant, which is usually correlated

with extreme hypertension, as reported in previous studies

[17, 18].

In addition, we reported a 19% prevalence of ICH in

pregnancy-related PRES, close to recent reports that ICH

occurred with a frequency of 12.5–25% in patients with

preeclampsia-eclampsia-associated PRES [12, 15], higher

than the frequency (5.9–10.4%) in those with hypertension

as the only cause of PRES [11, 12], but lower than the

frequency (28–34%) in patients with sepsis/infection/shock

related PRES [11, 12]. These discrepancies may relate to

various factors, partly resulted from different imaging

strategy, for example, new technology such as suscepti-

bility-weighted imaging allowed for easier detection of

blood products. But ICH does occur in preeclampsia-

eclampsia related PRES with a relatively high frequency.

We believe that endothelial/blood brain barrier breakdown

partially contributed to the hemorrhage given the fact that

hemorrhage often occurred near the parenchymal edema,

though the cause of hemorrhage in PRES is not fully

established [11].

Interestingly, MRA showed that a patient with combined

ICH and vesogenic/cytotoxic edema also had multifocal

vasoconstriction, which was also compatible with diagno-

sis of postpartum angiopathy (PPA). PPA is a rare cause of

stroke in the puerperium, usually heralded by severe

headaches within 1–2 weeks after delivery, demonstrating

segmental vasoconstriction that often resolves sponta-

neously. Brain parenchymal abnormalities, including

intracranial hemorrhage, vasogenic edema and infarction

can occur in more than one third of PPA patients and can

cause high proportion of unfavorable outcomes [19].

Hence, clinicians should be aware of the overlap of PRES

and PPA [19, 20] and take cerebrovascular angiography

such as MRA as conventional weapons.

Our data showed that two women finally died of DIC,

which is more inclined to develop among severe

Fig. 4 Atypical radiologic characters in a 25-year-old women

presenting with lethargy after emergency cesarean delivery. a Axial

head CT demonstrated a large hematoma in right basal ganglion and a

low-density lesion in left basal ganglion. b, c Axial FLAIR MRI

imaging showed the abnormalities in the left basal ganglion have two

distinct diffusion patterns in DWI imaging, central area with

hyperintense signal and normal peripheral area, representing cyto-

toxic edema and vesogenic edema, respectively. d Axial Flair

imaging also showed vesogenic edema in bilateral temporal lobe

and right frontal lobe. e MR angiography demonstrated multifocal

stenoses in the proximal anterior, middle and posterior cerebral artery

as well as internal carotid artery. f Follow-up CT on day 8 showed

that hematoma in the right ganglion was partially absorbed, and the

right ganglion ischemic lesion also resolved greatly
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preeclampsia patients than overall during pregnancy (in-

cidence rate: 12.6–14 vs 0.03–0.35%) [21, 22]. Given that

DIC remains one of the leading causes for maternal mor-

tality worldwide [23], prompt diagnosis and rigorous

treatment are needed to reduce the morbidity and mortality

associated with DIC.

PRES is a clinico-radiological entity with a varying

combination of symptoms and signs, including headache,

seizures, visual abnormalities, nausea, vomiting, impaired

consciousness, and focal neurologic deficits. However,

several diseases mimicking PRES, including acute stroke,

CVST, encephalitis, are also inclined to present during

pregnancy and puerperium. Sometimes it is fairly difficult

to establish an accurate diagnosis in an early stage on

clinical grounds alone, which could result in delayed

treatments, causing higher morbidity or mortality in these

young individuals. For example, rigorous blood pressure

control is desirable in PRES, whereas mild to moderate

hypertension is permitted in acute stroke. In addition, the

anticoagulation therapy aimed at possible CVST, which is

associated with high rate of mortality and morbidity, can

probably raise PRES-related hemorrhage frequency [11].

MRI, including DWI and MR angiography/venography,

should be performed as soon as possible to exclude vas-

cular lesions such as CVST and stroke. Of great impor-

tance, flow gaps observed on MRV should be judged with

caution, and DSA should be done as early as possible to

rule out the possibility of sinus thrombosis. Furthermore,

analysis of the CSF is necessary to rule out intracranial

infection and inflammation. In conclusion, timely imaging

and broad differential diagnosis may lead to more appro-

priate decisions, thus preventing the possible development

of long-term neurologic deficits.

Importantly, appropriate reduction in blood pressure

may prevent progression from vasogenic to cytotoxic

edema and the resultant permanent neurologic deficits.

Because abrupt decreases in blood pressure may adversely

affect uteroplacental perfusion and fetal status, treatment of

hypertension should mandate close maternal blood pressure

and fetal monitoring. The importance of magnesium sulfate

for the prevention and treatment of eclamptic seizures is

also emphasized.

The study shares the limitations of all retrospective

studies, including the selection bias that neuroimaging was

only performed in part of patients with preeclampsia and/or

eclampsia because there was no consistent protocol for

physicians to decide who would undergo neuroimaging.

Another shortcoming is that the diagnostic work-up, ther-

apeutic management and follow-up imaging were not

standardized for all patients, which may have biased our

results. Further research with consistent protocols is needed

to identify predicting factors of PRES development, and to

achieve earlier recognition and better blood pressure

management of this highly variable disease.

In conclusion, in this study, we characterized in greater

detail the clinical and radiologic characteristics of preg-

nancy-related PRES in a larger case series from mainland

China. We showed that nearly all imaged women with

eclampsia had neurologic abnormalities and accompanying

radiologic findings of PRES. We also revealed that atypical

distributions and imaging manifestations of pregnancy-re-

lated PRES have a higher incidence than has been com-

monly perceived. Early recognition of PRES together with

aggressive comprehensive and meticulous medical man-

agement may facilitate complete maternal recovery.
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