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Abstract

Background and purpose Posterior reversible encephalopathy syndrome (PRES) is a clinical and radiologic entity for which
eclampsia is one of the most common predisposing conditions. Despite the imaging changes typically reported, the predisposing
factors and clinical implications of atypical presentations have yet to be fully clarified.

Methods A total of 56 patients with PRES were selected for study. Demographic, clinical, and laboratory data were analyzed,
focusing on atypical presentations of PRES. Multiple logistic regression was applied to identify factors impacting such atypical
presentations, and functional outcomes were assessed upon patient discharge.

Results Overall, 22 of the 56 patients (39.3%) displayed features of atypical PRES. By multiple logistic regression, headache
(OR =5.39;95% (I, 1.24-23.51; p = 0.025) and frequent convulsions (OR =4.41; 95% CI, 1.09-17.91; p = 0.038) proved to be
independent factors associated with atypical PRES. Ultimately, outcomes of 18 patients were gauged as poor, based on the
modified Rankin Scale (mRS). Logistic regression indicated that visual disturbances (OR =9.02; 95% CI, 1.37-59.35; p = 0.02),
frequent convulsions (OR =9.47; 95% CI, 1.67-53.63; p=0.01), and restricted diffusion on imaging (OR =11.96; 95% ClI,
1.76-81.11; p =0.01) were independently associated with poor outcomes in patients with eclampsia-related PRES.

Conclusion Headache and frequent convulsions are independently associated with atypical presentations of PRES. If present,

restricted diffusion may help in predicting poor outcomes of such patients upon discharge.
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Introduction

Posterior reversible encephalopathy syndrome (PRES) is a
clinical and radiologic entity first described by Hinchey
et al. [1]. Patients may present with acute neurologic symp-
toms (i.e., impaired consciousness, visual disturbances, sei-
zures, or headache) and focal neurologic signs [2].
Symmetric, bilateral vasogenic edema involving regions of
occipital and parietal lobes is the most common finding by
magnetic resonance imaging (MRI) [3].

Currently, there is no consensus on the pathophysiology of
PRES, given the variety of suspected causes [4—7]. However,
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there are two widely accepted theories, one implicating dys-
regulation of cerebrovascular mechanisms, and the other al-
leging a vasculopathy. Neither of the theories has been fully
corroborated under the pathophysiologic constraints of PRES
[8]. Eclampsia is characterized by clinical hypertension, pe-
ripheral edema, proteinuria, and seizures during pregnancy
and is one of the commonest conditions predisposing patients
to PRES [9]. Past studies have speculated that endothelial
dysfunction plays an important role in the development of
PRES [10] and likely bears an association with eclampsia
[10, 11]. Indeed, Liman et al. have documented a distinct
correlation between PRES and eclampsia [12].

Atypical distributions including anterior cerebral lobes,
brain stem, cerebellum, and basal ganglia and aberrant imag-
ing defects, such as restricted diffusion, hemorrhage, and sub-
arachnoid hemorrhage, have been attributed to PRES in recent
studies [13—16], although they are usually reported in various
primary diseases [17-20] and they are at odds with what is
known about typical PRES. Whether they share common
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pathophysiologic mechanisms and clinical ramifications is not
yet known. To determine factors associated with atypical pre-
sentations of PRES, we focused on a single etiology (i.c.,
eclampsia), examining patients whose course at our hospital
resulted in fairly high morbidity. We also assessed the poten-
tial effects of atypical PRES on functional patient recovery.

Methods
Patients and study protocol

This study was a hospital-based retrospective investigation
conducted at a single medical center between 2012 and
2016. All participants provided written informed consent prior
to study enrollment. Each diagnosis of eclampsia adhered to
criteria established by the American College of Obstetrics and
Gynecology [21]. Qualifying patients with eclampsia were
subject to the following conditions: (1) acute or subacute onset
of at least one neurologic symptom, such as severe headache,
seizures, visual disturbances, or impaired consciousness; (2)
MRI obtained within 48 h of symptom onset, revealing bilat-
eral or unilateral focal edema of cortex and subcortical white
matter; and (3) complete resolution of radiologic findings dur-
ing pregnancy or postpartum [22].

Clinical parameters reviewed included patient age, blood
pressure (BP), and gestational history. Data on neurologic
symptoms, such as headache, visual disturbances, and convul-
sive frequencies, were also obtained. BP was recorded upon
onset of neurologic symptoms, calculating mean blood pres-
sure (MBP) as two thirds of diastolic blood pressure (DBP)
and one third of systolic blood pressure (SBP). Frequent con-
vulsions were defined as seizures in excess of three episodes.
Routine laboratory diagnostics (platelet count, hemoglobin, D-
dimer level, and serum creatinine) were retrieved as well.

Neuroimaging

MRI studies were conducted using an Achieva 3.0 Tesla scan-
ner (Philips Healthcare, Amsterdam, The Netherlands),
equipped with eight-channel phased array coil for brain imag-
ing. The standard protocol consisted of axial T1- and T2-
weighted sequences, fluid-attenuated inversion recovery
(FLAIR) sequences, and diffusion-weighted imaging (DWI).
Apparent diffusion coefficient (ADC) maps were calculated
on a pixel-by-pixel basis. Mean ADC values for each region
of interest were calculated automatically, and all follow-up
MRI studies were performed during the course of
hospitalization.

Patients were divided into typical and atypical presentation
groups by MRI findings, specifically lesions identified on T2-
weighted imaging and FLAIR, distributions of such lesions,
extent of edema, evidence of restricted diffusion on DWI, and
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presence of intraparenchymal or subarachnoid hemorrhages.
Two neuroimaging professors blinded to clinical data
interpreted all MRI studies, reaching consensus decisions in
event of any disagreement. In this study, extensive edema
corresponded with involvement of more than five anatomic
areas of the brain [23].

High DWI signals in conjunction with decreased ADC
were indicative of restricted diffusion (cytotoxic edema),
whereas low DWI signals with increased ADC indicated
vasogenic edema [24, 25]. Involvement of anterior the cere-
bral lobes, brain stem, cerebellum, and basal ganglia or lesions
demonstrating restricted diffusion on DWI constituted atypi-
cal presentations in this study [26, 27].

Treatment and outcomes

The primary treatment was to monitor and control any sudden
increase in BP in patients with SBPs > 160 mmHg, DBPs >
110 mmHg, or MBPs > 140 mmHg who received intravenous
labetalol treatment. As seizure prophylaxis, we administered
25% magnesium sulfate solution (20 ml) diluted in 10% glu-
cose solution by intravenous route (5—10 min) to all patients.
Sudden-onset seizures were controlled by diazepam (10 mg).
Clinical outcomes were scored at time of patient discharge
using a modified Rankin Scale (mRS), applied by a neurolo-
gist with mRS expertise. Assigned mRS scores of 0-2 were
considered good outcomes in terms of functional indepen-
dence, whereas scores of 3—6 signaled poor outcomes [28].

Statistical methods

All statistical computations relied on standard software (SPSS
v17.0, SPSS Inc. (IBM), Chicago, IL, USA), setting statistical
significance at p <0.05. Continuous variables were each
expressed as mean + SD, reporting discrete data as frequencies
and percentages. Student’s ¢ test was applied for continuous
variables, and for discrete variables, Fisher’s exact test was
used. In multivariate analysis, a forward stepwise variable
selection method was invoked to calculate odds ratios (ORs)
and corresponding 95% confidence intervals (Cls) for factors
related to atypical presentations of PRES and predictive of
PRES outcomes at discharge in patients with eclampsia.

Results
Clinical characterizations

A total of 141 obstetric patients diagnosed with eclampsia
underwent MRI scans of the brain within 48 h of neurologic
symptom onset. However, only 56 patients (mean age 28.3 +
5.8 years) qualified for the study, having excluded 66 patients
with normal radiologic diagnoses, one with cerebral
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hemorrhage, one with subarachnoid hemorrhage, and 17 with
inadequate clinical records.

The spectrum of neurologic symptoms included headache
(30/56, 53.6%), frequent convulsions (22/56, 39.3%), and vi-
sual disturbances (18/56; 32.1%). When analyzing lesion dis-
tributions, we found that parietal and occipitoparietal lobes
were the most commonly involved regions (89.3% and
71.4%, respectively) (Fig. 1), although in atypical

Fig. 1 A 23-year-old woman complaining of headache and visual distur-
bance for 23 h: a axial T2-weighted image of lesions in typical parieto-
occipital distribution; b hypointensities visible in axial DWI imaging; and
¢ axial ADC hyperintensities in the same areas (mRS score of 0 at
discharge)

presentations of PRES, the basal ganglia (60.7%) and cerebel-
lum (19.6%) (Fig. 2) prevailed. In Fig. 3, bilateral occipital
vasogenic edema and a right occipital zone of restricted diffu-
sion are depicted.

Factors linked to atypical presentations of PRES
in patients with eclampsia

A total of 22 patients were assigned to the atypical presenta-
tion group. In comparing clinical and laboratory data of both
groups with PRES (typical and atypical), headache (p =
0.004), visual disturbances (p =0.021), and frequent convul-
sions (p <0.001) were more common in the atypical group,
and DBP was higher (Table 1). In logistic regression analysis,
headache (OR=5.39; 95% CI, 1.24-23.51; p = 0.025) and fre-
quent convulsions (OR =4.41; 95% CI, 1.09-17.91; p=
0.038) emerged as variables independently associated with
atypical presentation of PRES in patients with eclampsia
(Table 2).

Fig. 2 A 37-year-old woman presenting with frequent convulsions and
headache of 17-h duration: a axial T2-weighted image of lesions in atyp-
ical bilateral basal ganglia distribution and b axial T2-weighted image of
brainstem and left cerebellum showing hyperintensities (mRS score of
4 at discharge)
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«Fig. 3 A 3l-year-old woman with sudden blood pressure surge,

complaining of blurred vision and headache for 10 h: a axial T2-
weighted image of lesions in typical bilateral occipital distribution; b axial
DWI imaging showing bilateral occipital hypointensities, with right oc-
cipital zone of restricted diffusion; and ¢ complete resolution of bilateral
occipital lesions in repeat axial T2-weighted image (mRS score of 3 at
discharge)

Factors associated with clinical outcomes at time
of discharge

Poor functional outcomes (i.e., mRS scores of 3—-6) were ev-
ident in 18 patients (32.1%). The remaining 38 patients had
good functional outcomes at discharge (Table 3). We stratified
patients by mRS scores to compare outcomes (poor vs good)
at discharge, finding that these subsets differed in incidences
of visual disturbances (p =0.01), convulsive frequencies
(p <0.001), and restricted diffusion (»p =0.002). A greater in-
cidence of occipital involvement and higher platelet counts
were observed in the poor (vs good) outcome group
(Table 4). In logistic regression analysis, visual disturbances
(OR =9.02; 95% CI, 1.37-59.35; p =0.02), frequent convul-
sions (OR =9.47;95% CI, 1.67-53.63; p =0.01), and restrict-
ed diffusion (OR =11.96; 95% CI, 1.76-81.11; p=0.01)
showed independent associations with poor outcomes of
PRES in patients with eclampsia at discharge (Table 5).

Discussion

PRES is one of the most common neurologic complications in
patients with eclampsia. However, acute intermittent porphyr-
ia, intravenous cyclophosphamide therapy, post-streptococcal
glomerulonephritis, and hematologic malignancies may simi-
larly predispose to PRES [29-31]. Given the variety of con-
ditions implicated, the precise pathogenesis of PRES remains
controversial. Aleksandra et al. have noted that the capacity to
autoregulate BP in the cerebral vasculature declines or is
completely attenuated during pregnancy. Thus, if severe en-
dothelial injury occurs (as in instances of eclampsia), even a
moderate increase in BP may lead to neurologic complications
[27,32]. Consequently, the endothelial injury sustained during
eclampsia is an important potential contributor to PRES [33],
with endothelial dysfunction exerting more influence than hy-
pertension in this setting.

Typically, PRES presents as bilateral, symmetric vasogenic
edema, predominantly involving the subcortical white matter
of occipital and parietal lobes, and it is usually reversible [8].
However, atypical patterns of PRES have been increasingly
recognized [26, 34, 35], showing lesions of the deep white
matter, basal ganglia, brainstem, and the splenium of the cor-
pus callosum (otherwise rarely seen). Rare imaging findings
are also present, such as a restricted diffusion, hemorrhage,
and subarachnoid hemorrhage. These features have led many
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Table 1 Demographic, clinical,

and laboratory data in atypical All (n=56) Atypical lesions (n=22)  Typicallesions (n=34)  p value

and typical presentation of PRES

in eclamptic patients Age, (years) (mean+ SD) 283 +5.8 27.7+6.2 28.6+5.6 0.56
Headache 30 (53.6) 17 (77.3) 13 (38.2) 0.004
Visual disturbances 18 (32.1) 11 (50.0) 7 (20.6) 0.021
History of delivery 21(37.5) 6(27.3) 15 (44.1) 0.20
Frequent convulsion 22 (39.3) 15 (68.2) 7 (20.6) <0.001
Multigravida 16 (28.6) 7 (31.8) 9(26.5) 0.67
SBP (mmHg) 164.8+19.7 166.9+16.7 166.3+21.6 0.51
DBP (mmHg) 99.6+12.7 103.9+9.6 96.7+13.9 0.038
MBP (mmHg) 121.3+14.0 124.9+10.7 118.9+15.5 0.12
Plt (10°/L) 116.2+45.9 128.1+49.7 108.5+42.2 0.12
HB(g/L) 117.1+24.4 121.8+24.7 114.0+24.1 0.25
DD(pg/L) 1197.2+12584  1363.9+1369.9 1089.2+1189.4 0.43
Ser 783+19.6 80.8 +22.8 76.7+17.4 0.45

Figures in parentheses are percentages, unless indicated otherwise

PRES posterior reversible encephalopathy syndrome, SBP systolic blood pressure, DBP diastolic blood pressure,
MBP mean blood pressure, Plt platelet count, Scr serum creatinine, /B hemoglobin, DD D-dimers

researchers to speculate on predisposing factors and clinical
implications in atypical presentations of PRES. For the pres-
ent study, we selected patients with eclampsia and PRES
showing relatively high morbidity in our hospital, focusing
on a single etiology to facilitate comparisons made. We sub-
sequently found that the occurrence rate of headache was
much higher in the atypical presentation group and was inde-
pendently related to atypical imaging findings. Hence, it may
be that BP (SBP, DBP, and MBP) in the atypical group
exceeded that of the typical group, encouraging cerebrovas-
cular autoregulatory disorders and leading to headaches.
Alternatively, we found that in patients with atypical (vs typ-
ical) PRES, intracranial lesions were more widespread, and
enlarging, swollen areas are more apt to cause headaches
[17]. Another independent factor in atypical presentations
was frequent convulsions. In patients with eclampsia, frequent
seizures usually imply more severe vascular endothelial dam-
age and increased vascular permeability, accentuating edema
of the brain edema. This may further explain the development
of atypical presentations [36].

Hemorrhage or subarachnoid hemorrhage is becoming
more widely recognized as an atypical manifestation of

Table 2 Logistic regression analysis of parameters associated with
atypical lesions

OR 95 CI p value
Headache 5.39 1.24-23.51 0.025
Visual disturbances 2.54 0.55-11.83 0.23
Frequent convulsion 441 1.09-17.91 0.038
DBP 1.07 0.99-1.14 0.06

PRES [37]. Unfortunately, clinical imaging data for the one
patient with intracerebral hemorrhage and the other with sub-
arachnoid hemorrhage were incomplete, prompting their ex-
clusion from this study.

Upon early diagnosis and treatment of the underlying
cause, the prognosis of PRES is usually satisfactory. In our
study, 18 patients received poor prognostic mRS scores at
time of discharge, most showing moderate disability. In logis-
tic regression analysis of factors impacting patient prognosis,
we found that visual disturbances, restricted diffusion, and
frequent convulsions were independently linked to the short-
term prognosis of patients with PRES. The visual disturbances
typically manifested are blurred vision, homonymous
hemianopsia, and cortical blindness, which were more likely
experienced by those in our cohort with poor outcomes. Both
occipital and parietal lobes (as visual centers) are most often
affected, but there are visual conductive fibers also at risk
within subcortical white matter and the basal ganglia. A
broader distribution of lesions increases the likelihood of vi-
sual symptoms, thus contributing to poor prognoses.

Table 3 Modified Rankin Scale at discharge after PRES

Modified Rankin Scale Number (%)
0 (no symptoms) 19 (33.9)

1 (no significant disability) 11 (19.6)

2 (slight disability) 8 (14.3)

3 (moderate disability) 12 (21.4)

4 (moderately severe disability) 5(8.9)

5 (severe disability) 1(1.8)

6 (death) 0(0)

DBP diastolic blood pressure

PRES posterior reversible encephalopathy syndrome
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Table 4 Baseline clinical and

imaging characteristics of PRES, All (n=56) Poor outcome (n=18)  Good outcome (n=38)  p value

stratified by modified Rankin

Scale Age, (years) (mean = SD)  28.3+5.8 27.7+5.1 28.5+6.2 0.61
Headache 30 (53.6) 13 (65.0) 17 (44.7) 0.05
Visual disturbances 18 (32.1) 10 (55.6) 8 (21.1) 0.01
History of delivery 21 (37.5) 5(27.8) 16 (42.1) 0.30
Frequent convulsion 22 (39.3) 14 (77.8) 8 (21.1) <0.001
Multigravida 16 (28.6) 5 (40.0) 11 (22.5) 0.93
Restricted diffusion 16 (28.6) 10 (55.5) 6 (15.8) 0.002
Related lesions
Parietal 50 (89.3) 17 (94.4) 33 (86.8) 0.39
Frontal 23 (41.1) 8 (44.4) 15 (39.5) 0.72
Temporal 12 (48.0) 3(16.7) 6 (15.8) 0.93
Occipital 40 (71.4) 17 (94.4) 23 (60.5) 0.009
Brainstem 2 (3.6) 0 (0.0) 2(5.3) 0.32
Cerebellum 11 (19.6) 3(16.7) 8 (21.1) 0.70
Basal ganglion 34 (60.7) 11 (61.1) 23 (60.5) 0.97
Thalamus 5(8.9) 3(16.7) 2(5.3) 0.16
Extensive edema 24 (42.9) 10 (55.6) 14 (36.8) 0.19
SBP (mmHg) 164.8+£19.7 170.1+23.4 1622+17.5 0.16
DBP (mmHg) 99.6+12.7 103.6+11.3 97.7+13.1 0.10
MBP (mmHg) 121.3+£14.0 125.7+144 119.2+13.5 0.10
Pt (10°/L) 116.2+459 134.1+£44.9 107.7+44.4 0.04
HB(g/L) 117.1+£24.4 1253+27.8 113.2+21.9 0.08
DD(pg/L) 11972412584  1016.6+1166.9 1282.7+1305.7 0.47
Ser 783+19.6 72.1+£222 81.2+18.7 0.10

Figures in parentheses are percentages, unless indicated otherwise

PRES posterior reversible encephalopathy syndrome, SBP systolic blood pressure, DBP diastolic blood pressure,
MBP mean blood pressure, Plt platelet count, Scr serum creatinine, /B hemoglobin, DD p-dimers

Restricted diffusion is the second most frequent feature en-
countered in atypical presentations of PRES [5]. Although
the reversibility of cytotoxic edema remains controversial,
our previous studies in this regard have demonstrated that
cytotoxic edema is a reversible event in patients with pre-
eclampsia or eclampsia.

Data from various studies have supported the role of re-
stricted diffusion in predicting the development of infarctions
by some patients [27]. However, we found that cytotoxic ede-
ma (by DWI criteria) is usually accompanied by vasogenic

Table5 Logistic regression analysis of parameters associated with poor
outcome in PRES

OR 95 CI p value
Occipital 945 0.82-18.39 0.07
Visual disturbances 9.02 1.37-59.35 0.02
Frequent convulsion 9.47 1.67-53.63 0.01
Restricted diffusion 11.96 1.76-81.11 0.01

PRES posterior reversible encephalopathy syndrome
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edema, and as vasogenic edema resolves, cytotoxic edema
simultaneously eases. This transient cytotoxic edema is not
the same as that incited by acute cerebral infarction. In our
view, restricted diffusion is a consequence of severe edema or
heightened vascular permeability due to endothelial damage,
heralding poor prognostic outlooks for such patients. Severe
vascular endothelial injury, inducing convulsions or increas-
ing their frequency and causing secondary brain edema and
cerebral ischemia/hypoxia, is also likely to result in a poor
prognosis [10]. Furthermore, our patients with poor outcomes
had comparatively higher platelet counts. Arterial endothelial
injury may promote platelet aggregation, increasing the num-
ber of circulating platelets, which then reflects the degree of
vascular endothelial injury [38] and provides an additional
prognostic index.

In patients with eclampsia, the recommended treatment of
PRES generally includes delivery of the baby and placenta as
soon as possible, antihypertensive drug therapy to manage ar-
terial hypertension, use of magnesium sulfate as prophylaxis of
eclamptic convulsions, and phenytoin or diazepam administra-
tion for rapid control of convulsions that may ensue [39, 40].
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In the present study, we had a singular objective, namely
the study of eclampsia-induced PRES. We also focused on a
single etiology for comparative purposes, hoping to eliminate
bias in part. Nonetheless, there are several acknowledged lim-
itations. First, this was a single-center retrospective review,
and the number of patients was relatively small. Second, due
to the brief window for prognostication (i.e., time of dis-
charge), the long-term ramifications of PRES in patients with
eclampsia could not be determined.

Conclusions

Atypical radiologic findings should not exclude PRES as a
possible diagnosis if the appropriate clinical presentation ex-
ists. In patients with eclampsia, headache and frequent con-
vulsions may be independently related to atypical presenta-
tions of PRES. When assessing the short-term prognoses of
such patients, we found that visual disturbances, restricted
diffusion (on DWI), and frequent convulsions may help iden-
tify patients at a greater risk of poor outcomes.
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