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Effect of blood pressure on reversible posterior
leukoencephalopathy syndrome in pre-eclampsia or
eclampsia

Fang Xiaobo1, Liang Yanling2, Chen Dunjin3, He Fang3, Chen Jia2, Zhong Yuhua1 and Zhang Weixi1

Reversible posterior leukoencephalopathy syndrome (RPLS) is a critical maternal complication in some pre-eclampsia (PE) and

nearly all eclampsia patients; RPLS is associated with high blood pressure (BP). However, the effect of BP on RPLS and the

different characteristics of RPLS in PE or eclampsia are largely unknown. We consecutively collected data from 69 patients who

were diagnosed with RPLS in PE or eclampsia between 2013 and 2017. The BP and biochemical indicators at onset and post

onset of RPLS were examined to explore their likely correlation with RPLS. We grouped patients into PE (n=40) and eclampsia

(n=29) groups according to whether a seizure had occurred. Information regarding BP, clinical symptoms and imaging features

was collected retrospectively to explore the differences between groups. BP measurements (moderate and severe hypertension,

systolic pressure (SBP), diastolic pressure (DBP) and mean arterial pressure (MAP) levels) and biochemical indicators (uric acid,

lactate dehydrogenase (LDH), C-reactive protein and WBC) were higher at the onset of RPLS than post-onset of RPLS

(Po0.001), whereas normal BP and serum albumin levels were lower (Po0.001). Moreover, the BP values (SBP, DBP and

MAP) and LDH levels were significantly correlated with the degree of edema (Spearman’s correlation, Po0.01). These results

suggest that hypertension and LDH are likely factors in the development of RPLS in PE or eclampsia. Moreover, BP and LDH

were closely related to the degree of brain edema, However, no significant differences were found between the PE and eclampsia

groups with the exception of age and consciousness impairment.
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INTRODUCTION

Reversible posterior leukoencephalopathy syndrome (RPLS) is a
clinical-imaging syndrome that was first described by Hinchey et al.1

in 1996 and consists of symptoms such as headaches, visual changes,
seizures, consciousness impairment, mental disorders and focal
neurologic deficits. RPLS is a critical maternal complication in some
pre-eclampsia (PE) patients and nearly all eclampsia patients.2

However, the different characteristics of RPLS in PE or eclampsia
are largely unknown, and the mechanism of RPLS is not completely
understood. However, the same pathogenic mechanisms are shared;3

vasogenic edema is caused by a breakdown of cerebral autoregulation
or cerebral vasoconstriction, disruption of the blood–brain barrier or
endothelial dysfunction.1,4 Cerebral perfusion, cerebral vasoconstric-
tion and endothelial dysfunction have been proposed as possible
mechanisms of RPLS.1–5

The pathophysiology of RPLS has not been elucidated. Among
many factors, blood pressure (BP) plays an important role in the

pathogenesis of RPLS.5 However, the effect and likely mechanism of
BP on RPLS in PE or eclampsia are unclear. Endothelial cells are an
important tissue within the wall between the blood stream and blood
vessels.6 These cells release agents that regulate vasomotor function,
trigger inflammatory processes and respond to physical and chemical
signals.6,7 Endothelial dysfunction could promote vascular inflamma-
tion, and vice versa. Endothelial dysfunction is paralleled by vascular
inflammation and can be assessed by the soluble forms of intercellular
adhesion molecule 1, vascular cell adhesion molecule-1, E-selectin,
oxidized LDL receptor-1, C-reactive protein (CRP) and asymmetric
dimethylarginine.6–9 In addition, the serum lactate dehydrogenase
(LDH) level represents an index for assessing endothelial
dysfunction.10 To the best of our knowledge, the degree of brain
edema is associated with LDH, renal function and albumin (ALB).10

In this study, we explored the likely factors in the development of
RPLS in PE or eclampsia by comparing BP and biochemical indicators
at the onset and post onset of RPLS and explored the effects of BP and
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laboratory parameters on RPLS by evaluating the correlation among
BP, biochemical indicators and the degree of brain edema. Further-
more, we explored the characteristics of RPLS in PE or eclampsia by
comparing the differences between the PE and eclampsia groups.

MATERIALS AND METHODS
This retrospective study was approved by the institutional ethics committee of
The Third Affiliated Hospital of Guangzhou Medical University. A total of 69
women met the following inclusion criteria for the study: (a) patients diagnosed
with PE or eclampsia after 20 weeks of gestation or within 6 weeks postpartum
and (b) patients who underwent a magnetic resonance imaging (MRI)
examination performed by a clinician after providing informed consent and
who were diagnosed with RPLS in Guangzhou Medical Center for Critical
Pregnant Women from January 2013 to January 2017. General information,
BP, biochemical indicators, clinical symptoms and imaging features were
retrospectively collected.
PE was defined as complications with hypertension, proteinuria, and edema

between the 20th week of gestation and the 6th postpartum week. Eclampsia
was defined as PE plus seizures unrelated to other cerebral conditions.11,12

All 69 patients were examined using whole-brain MRI (Achieva 3.0 T,
Philips, Amsterdam, The Netherlands), including T1-weighted, T2-weighted
and T2 fluid-attenuated inversion recovery (FLAIR). The imaging features were
described according to their location, including frontal, parietal, occipital,
temporal, cerebellum, basal ganglia, brain stem, deep white matter and
callosum; 1 point was recorded for each location involved. The extent and
severity of vasogenic edema in the lesion area were graded using a scale of 0–5
with FLAIR images as follows:13 0, normal; 1, limited cortex or subcortical
white matter edema; 2, white matter edema4cortex edema, white matter
edema extends into deep white matter; 3, white matter edema4cortex edema,
edema extends to the ventricular surface; 4, involved regions substantially
extend to the ventricular surface and are nearly completely confluent; and 5,
involved regions are fully confluent and continuous, with ventricular deformity
due to the edema. The diagnosis and confirmation were made independently
using MRI by two neuroradiologists. The neuroradiologists worked to reach a
consensus.
In this study, RPLS was diagnosed based on a combination of clinical

symptoms (headache, vision change, seizure, consciousness disorders or
hypertension) and the standard radiological criteria (hyperintensities of T2WI

and FLAIR in the subcortex and gyrus as evidence of focal vasogenic edema).
A regular prenatal examination indicated that the examination times were
consistent in terms of the time interval (gestation o28 weeks, 4-week intervals;
28–36 weeks of gestation, 2-week intervals; 36–40 weeks of gestation, 1-week
intervals; and gestation 440 weeks, 3-day intervals). An irregular prenatal
examination indicated that less than 2/3 of the recommended prenatal
examinations were performed.
BP was obtained immediately at the onset of symptoms for the PE group and

immediately at the onset of seizure for the eclampsia group. We measured BP
again at the sixth postpartum week as the post-onset BP, and the measurements
were classified into four categories according to the systolic pressure as follows:
normal (o140 mm Hg), mildly elevated (140–159 mm Hg), moderately ele-
vated (160–179 mm Hg), and severely elevated (⩾180 mm Hg). The mean
arterial pressure (MAP) was defined as 2/3 of the diastolic pressure (DBP)+1/3
of the systolic pressure (SBP).
The biochemical indicators included serum ALB, serum Crea, urea (UA),

blood urea nitrogen (BUN), LDH, CRP and WBC. We collected the
biochemical indicators when the disease was most serious as a biochemical
index at the time of disease onset, and we recorded the last biochemical
indicators during hospitalization as the post-onset laboratory indexes.

Statistical analyses
Descriptive statistics for continuous variables are presented as the mean± s.d.
values, and the categorical variables are presented as frequencies and
percentages. We used Student’s t-test (normally distributed variables) or the
Z test (not normally distributed variables) to examine both groups of patients
for continuous variables, and we used the χ2-test or Fisher’s exact test to
evaluate patients for the categorized variables. The threshold for significance
was set at Po0.05. We analyzed our data using the SPSS 13.0 statistical software
package (SPSS, Chicago, IL, USA).

RESULTS

A total of 69 patients met the inclusion criteria. Of these patients, 38
(55.07%) were primiparous patients, 26 (37.68%) did not receive
regular prenatal examinations, 4 (5.80%) gravidas had a history of
hypertension during pregnancy, 6 (8.70%) had gestational diabetes
and 18 (26.09%) had pregnancies that were complicated by HELLP
syndrome. The mean age was 29.46± 5.31 years, mean body mass
index (BMI) was 21.93± 2.44 kg m− 2 and mean gestational length was
31.38± 3.90 weeks.
The clinical symptoms and lesion locations are presented in Table 1.

Headache was the most common symptom in RPLS patients
(53.62%), followed by seizure (42.03%). The occurrence rates of
visual changes (33.33%) and consciousness impairment (30.43%)
were similar. Dizziness (31.88%) was a common symptom in RPLS
patients. The imaging features were notable in RPLS patients
(Figure 1). In our study, the occipital lobe was the most frequently
affected area (91.30%), followed by the parietal lobe (60.87%), frontal
lobe (28.99%), basal ganglia and temporal lobe (both 24.64%); the
brainstem, cerebellum, deep white matter and callosum were equally
affected (5.88%) (Table 1).
The BP values changed significantly at the onset and post-onset of

RPLS. The proportions of patients with moderately elevated pressure
and severely elevated pressure at the onset of RPLS were increased
markedly compared with the proportions of patients at the post onset
of RPLS (Po0.001). Furthermore, SBP, DBP and MAP were increased
significantly compared with the post onset of RPLS (Po0.001,
Table 2). However, no significant differences were noted in patients
with mildly elevated blood pressure, and the proportion of patients
with normal BP after RPLS was higher than that at the onset of RPLS
(Po0.001).
The biochemical indicators also changed significantly at the onset

and post onset of RPLS. The ALB levels at the onset of RPLS were

Table 1 Comparison of clinical symptom and lesion location between

the PE and eclampsia group

Variable

PE group

(n=40)

Eclampsia

group

(n=29) P-value

Total

(n=69)

Percentage

(%)

Clinical symptom (n, %)
Headache 19 (47.50) 18 (62.07) 0.231 37 53.62

Visual changes 14 (35.00) 9 (31.03) 0.730 23 33.33

Seizures 0 (0.00) 29 (100.00) - 29 42.03

Consciousness

impairment

2 (5.00) 19 (65.52) 0.000 21 30.43

Dizzy 15 (37.50) 7 (24.14) 0.240 22 31.88

Location (n, %)
Frontal 13 (32.50) 7 (24.14) 0.450 20 28.99

Parietal 21 (52.50) 21 (72.41) 0.094 42 60.87

Occipital 38 (95.00) 25 (86.21) 0.230 63 91.30

Temporal 12 (30.00) 5 (17.24) 0.225 17 24.64

Cerebellum 4 (10.00) 0 (0.00) 0.133 4 5.80

Basal ganglia 9 (22.50) 8 (27.59) 0.628 17 24.64

Brainstem 4 (10.00) 0 (0.00) 0.133 4 5.80

Deep white matter 4 (10.00) 0 (0.00) 0.133 4 5.80

Callosum 3 (7.50) 1 (3.45) 0.634 4 5.80
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lower than those at the post onset of RPLS (Po0.001), whereas the
levels of UA, LDH, CRP and WBC were higher at the onset of RPLS
than at the post onset of RPLS (Po0.001) (Table 3). By contrast, the
Crea and BUN levels did not significantly differ at the onset and post
onset of RPLS.
In all patients, the involved areas scored 2.46± 1.09 points, and the

degree of edema in the involved areas scored 2.52± 0.98 points. The
BP values, including the SBP, DBP and MAP, were significantly
correlated with the degree of edema (Spearman’s correlation,

Po0.05). Furthermore, the LDH level was significantly correlated
with the degree of edema (Spearman’s correlation, r= 0.4639,
Po0.0001) (Figure 2). However, no relationship was observed
between the other biochemical indicators and degree of edema. The
relationship among the biochemical indicators, BP and involved area
points was not closely related.
All patients were divided into either the PE group (n= 40) or

eclampsia group (n= 29) according to whether seizures occurred. The
general patient information and BP values are presented in Table 4. In
the PE group, 29 (72.50%) were primiparous patients and 25
(62.50%) did not receive regular prenatal examinations; the mean
age was 32.28± 5.51 years; mean gestational length was
30.74± 4.66 weeks; and BMI was 21.65± 3.35 kg m− 2. In the eclamp-
sia group, 25 (86.21%) were primiparous patients and 18 (62.07%)
did not receive regular prenatal examinations; the mean age was
25.59± 6.54 years; mean gestational length was 32.27± 5.06 weeks;
and mean BMI was 22.31± 2.69 kg m− 2. Only age and consciousness
impairment significantly differed between the groups (Po0.001). No
significant differences were noted in terms of BP, involved area points,
degree of edema (Table 4), clinical symptoms and involved locations
(Table 1).

Figure 1 (a) Axial T1W MRI showing low signal predominantly in the parietal lobes; (b) axial T2WI showing hyperintensive signal; (d) Axial DWI showing
isointensive signal; (e) Axial ADC showing hyperintensive signal, indicating that the lesion was vascular edema; and (c) and (f) Axial FLAIR MRI showing
hyperintensive signal (arrows).

Table 2 Comparison of BP between onset of RPLS and post onset of RPLS.

Variable Onset (n=69) Post onset (n=69) X2 or t value P-value

Blood pressure
Normal (n, %) 3 (4.35) 59 (85.51) 91.844 0.000

Mildly elevated (n, %) 10 (14.49) 10 (14.49) 0.000 1.000

Moderately elevated (n, %) 20 (28.99) 0 (0.00) 23.390 0.000

Severely elevated (n, %) 36 (53.17) 0 (0.00) 48.706 0.000

SBP (mean± s.d., mmHg) 178.29±24.29 126.10±11.01 19.178 0.000

DBP (mean± s.d., mmHg) 112.58±18.85 81.28±7.75 13.858 0.000

MAP (mean± s.d., mmHg) 134.48±18.61 96.22±7.99 17.532 0.000

Table 3 Comparison of biochemical indicators between onset of

RPLS and post onset of RPLS (mean± s.d.)

Variable Onset (n=69) Post onset (n=69) Z or t value P-value

ALB (g l−1 ) 26.88±3.23 36.23±5.66 13.703 0.000

Crea (μmol l−1) 74.52±35.67 74.06±37.34 0.609 0.542

BUN (mmol l−1) 11.51±49.52 10.39±33.19 0.742 0.458

UA (μmol l−1) 563.60±139.71 368.43±124.32 11.689 0.000

LDH (U l−1) 625.00±832.03 305.66±209.18 6.970 0.000

CRP (ng l−1) 54.08±51.41 10.66±10.83 5.968 0.000

WBC (×109 l−1) 16.73±4.68 9.69±5.09 6.696 0.000
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DISCUSSION

RPLS is a clinicoradiological syndrome that was first described by
Hinchey et al.1 in 1996. RPLS features a combination of symptoms,
including headaches, visual changes, seizures, consciousness impair-
ment, mental disorders and focal neurologic deficits. The incidence of
RPLS is unclear. In our previous study, we reported that the incidence
of RPLS in PE or eclampsia was 0.22%,2 which is higher than that
reported in the literature (0.01%).14 As a regional Medical Center for
Critical Pregnant Women, the high incidence rate is understandable.

RPLS is a critical maternal complication in some
PE patients and nearly all eclampsia patients that could endanger
maternal and neonatal lives;2 therefore, we focused on RPLS in PE or
eclampsia.
The onset of RPLS typically occurs acutely or sub-acutely. Various

clinical symptoms are observed and lack specificity, including com-
mon symptoms, such as headaches, visual changes, seizures, con-
sciousness impairment, mental disorders, focal neurologic deficits,
nausea and vomiting, and rare symptoms, such as tinnitus and

Figure 2 Relationship between BP, LDH and the degree of brain edema. (a) SBP was significantly correlated with the degree of edema (Spearman’s
correlation, r=0.4922, Po0.0001); (b) DBP was significantly correlated with the degree of edema (Spearman’s correlation, r=0.3311, P=0.0054); (c)
MAP was significantly correlated with the degree of edema (Spearman’s correlation, r=0.4621, Po0.0001); and (d) LDH was significantly correlated with
the degree of edema (Spearman’s correlation, r=0.4639, Po0.0001).

Table 4 The comparison of general information, BP and imaging features between PE group and eclampsia (E) group

Variable PE group (n=40) E group (n=29) X2 or t value P-value

Age (mean± s.d., year) 32.28±5.51 25.59±6.54 4.601 0.000

BMI (mean± s.d., kg m−2) 21.65±3.35 22.31±2.69 0.905 0.369

Primipara (n, %) 29 (72.50) 25 (86.21) 1.857 0.173

Gestational length (mean± s.d., week) 30.74±4.66 32.27±5.06 1.304 0.197

Irregular prenatal examination (n, %) 25 (62.50) 18 (62.07) 0.001 0.971

Blood pressure
Normal (n, %) 1 (2.50) 2 (6.90) - 0.568

Mildly elevated (n, %) 5 (12.50) 5 (17.24) - 0.732

Moderately elevated (n, %) 11 (27.50) 6 (20.69) 0.420 0.517

Severely elevated (n, %) 23 (57.50) 16 (55.17) 0.037 0.847

SBP (mean± s.d., mmHg) 179.63±23.12 177.52±26.14 0.354 0.725

DBP (mean± s.d., mmHg) 110.08±15.08 114,62±18.90 1.111 0.271

MAP (mean± s.d., mmHg) 133.26±16.32 135.59±20.45 0.526 0.601

Imaging feature
Involved area points (mean± s.d., score) 2.70±1.52 2.33±1.00 1.280 0.205

Edema degree scores (mean± s.d., score) 2.53±1.13 2.52±1.21 0.027 0.978
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vertigo.15–17 Headache is the most common symptom in RPLS in PE
or eclampsia according to several studies.18–20 In addition, symptoms
of visual changes (33%), seizures (73%), consciousness impairment
(57%) and vomiting (47%) occur frequently,20 whereas another study
indicated that seizure is the most frequent symptom in RPLS patients
with PE/eclampsia.21 In our study, the incidence of headache
(53.62%), visual changes (33.33%), seizures (42.03%), consciousness
impairment (30.43%) and dizziness (31.88%) were similar to the
outcomes reported in the literature.17–21 Imaging is critical for the
diagnosis and evaluation of RPLS, and MRI is the gold standard for
the diagnosis of RPLS.22 Typically, T1W MRI exhibited low signals,
whereas T2WI and FLAIR exhibited high signals. In addition, the DWI
sequence exhibited a slightly lower signal, whereas the apparent
diffusion coefficient (ADC) maps exhibited a higher signal, indicating
that the lesion (subcortical white matter, especially in the occipital and
parietal lobes) was vascular edema2 (Figure 1). A recent study
indicated that the most frequently affected area in RPLS patients with
PE/eclampsia is the occipital lobe (94–98.7%), followed by the frontal
lobe (77–78.9%), temporal lobe (64–68%) and cerebellum (53%).23 In
our study, the location of RPLS was generally consistent with the
results reported in the literature. In addition, there were no significant
differences between the PE and eclampsia groups in terms of the
involved areas or degree of brain edema (P40.05). Likely explanations
include the involved areas and degree of brain edema, which were
counted independently rather than combined in the groups to assess
the severity of RPLS.
RPLS exhibits various pathogenies, such as hypertension, PE or

eclampsia, transplantation, renal dysfunction, autoimmunity, sepsis
and chemotherapy.5,23,24 The pathological and physiological changes in
RPLS might result from numerous factors attributed to various
mechanisms. Although the pathophysiology is unclear, the likely
pathogenic mechanisms are shared,4 including vasogenic edema caused
by the breakdown of cerebral autoregulation or cerebral vasoconstric-
tion, disruption of the blood–brain barrier or endothelial dysfunction.
The relationship between BP and RPLS has not been elucidated.

However, RPLS might be associated with high BP because RPLS could
be a consequence of a hypertensive crisis. The supporting theory is
that severe hypertension is associated with failed autoregulation,
leading to vasogenic edema caused by vasodilatation, breakthrough
of the blood–brain barrier, hyperperfusion and increased vascular
permeability.25 In our study, the BP condition was classified as normal
BP, moderately elevated BP or severely elevated BP. SBP, DBP and
MAP were increased considerably at the onset of RPLS compared with
the post-onset of RPLS (Po0.001), except in the case of mildly
elevated BP. Furthermore, the BP conditions, including SBP, DBP and
MAP, at the onset of RPLS were significantly correlated with the
degree of edema. These results suggest that BP is an important factor
for RPLS. However, 15–20% of RPLS patients exhibited normal or
mildly elevated BP, suggesting that hypertension is not essential for
brain edema. An earlier study indicated that BP fluctuations and RPLS
are not closely correlated.26 Therefore, high BP alone might not be
sufficient to cause RPLS, and other factors might play a similar role.
Endothelial dysfunction might also play an important role. The

supporting theory indicates that endothelial dysfunction is caused by
cytotoxicity that induces cytokine release or direct injury of the
endothelial cells, leading to vasoconstriction and edema, with sub-
sequent hypoperfusion.27 Endothelial cells are an important tissue
within the wall between the blood stream and blood vessels.6

Endothelial dysfunction is closely related to the severity of inflamma-
tion; therefore, we assessed endothelial dysfunction based on bio-
chemical indicators (LDH, CRP and WBC).6–10 In our study, the

LDH, CRP and WBC levels were higher at the onset of RPLS than post
onset of RPLS (Po0.001). Furthermore, we examined the relationship
between the LDH, CRP and WBC levels at the onset of RPLS and
degree of edema; only the LDH level was significantly correlated with
the degree of edema. These results suggest that LDH could reflect the
severity of inflammation and degree of brain edema, especially in PE
or eclampsia during pregnancy.28 To the best of our knowledge, the
degree of brain edema is also associated with renal function and
ALB.12 ALB is one of the most important plasma antioxidants
associated with endothelial function,28 and renal failure is an
important factor in the development of RPLS12 that can be evaluated
using biochemical indicators (Crea, BUN and UA). Although the ALB
and UA significantly differed at the onset of RPLS compared with the
post onset of RPLS, Crea and BUN showed no significant differences.
These biochemical indicators did not correlate with the degree of brain
edema. The relationship between those biochemical indicators and the
degree of edema warrants additional studies.
In our study, we retrospectively compared information regarding the

BP, clinical symptoms and imaging features between the PE and
eclampsia patients and found that there were no significant differences
except for age and consciousness impairment. Patients in the PE group
were older than those in the eclampsia group (Po0.001); likely
explanations for this difference might be that older pregnant women
started giving birth because of the national Two-child policy, thus
leading to more critical pregnant women. The incidence of conscious-
ness impairment in the eclampsia group was higher than that in the PE
group, and a possible explanation for this difference is that the
condition of the patients in the eclampsia group was likely more serious.
Several limitations in this study should be acknowledged. First, this

was a retrospective study; therefore, the results depend on patients’
medical records and are subject to their availability and accuracy.
Second, the last biochemical indicators during hospitalization were
collected as post-onset laboratory indexes and might not have
represented the baseline level. Third, a follow-up MRI was not
performed on some RPLS patients; therefore, imaging features were
not evaluated again. In addition, DWI sequences, ADC maps and
MRA information were not available for all patients, the type of brain
edema was not clearly distinguished, and the cerebral vasoconstriction
was not explored. Although we explored the likely factors associated
with the development of RPLS in our study, additional prospective
studies are still required.
In summary, hypertension and LDH are likely factors in the

development of RPLS in PE or eclampsia. In addition, BP and LDH
were found to be closely related to the degree of brain edema. However,
no significant differences were found between the PE and eclampsia
groups with the exception of age and consciousness impairment.
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