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Abstract

Objective: Few outcome data are available about posterior reversible encephalopathy syndrome (PRES). We studied 90-day
functional outcomes and their determinants in patients with severe PRES.

Design: 70 patients with severe PRES admitted to 24 ICUs in 2001-2010 were included in a retrospective cohort study. The
main outcome measure was a Glasgow Outcome Scale (GOS) of 5 (good recovery) on day 90.

Main Results: Consciousness impairment was the most common clinical sign, occurring in 66 (94%) patients. Clinical
seizures occurred in 57 (81%) patients. Median mean arterial pressure was 122 (105-143) mmHg on scene. Cerebral imaging
abnormalities were bilateral (93%) and predominated in the parietal (93%) and occipital (86%) white matter. Median
number of brain areas involved was 4 (3-5). Imaging abnormalities resolved in 43 (88%) patients. Ischaemic and/or
haemorrhagic complications occurred in 7 (14%) patients. The most common causes were drug toxicity (44%) and
hypertensive encephalopathy (41%). On day 90, 11 (16%) patients had died, 26 (37%) had marked functional impairments
(GOS, 2 to 4), and 33 (56%) had a good recovery (GOS, 5). Factors independently associated with GOS<5 were highest
glycaemia on day 1 (OR, 1.22; 95%Cl, 1.02-1.45, p=0.03) and time to causative-factor control (OR, 3.3; 95%Cl, 1.04-10.46,
p=0.04), whereas GOS = 5 was associated with toxaemia of pregnancy (preeclampsia/eclampsia) (OR, 0.06; 95%Cl, 0.01-0.38,
p=0.003).

Conclusions: By day 90 after admission for severe PRES, 44% of survivors had severe functional impairments. Highest
glycaemia on day 1 and time to causative-factor control were strong early predictors of outcomes, suggesting areas for
improvement.
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Introduction

Posterior reversible encephalopathy syndrome (PRES) is a
clinicoradiologic entity characterized by a variable combination of
consciousness impairment, seizure activity, headaches, visual
abnormalities, nausea/vomiting, and focal neurological signs.
[1,2,3,4,5] Cerebral imaging abnormalities are often symmetric
and predominate in the posterior white matter. Oedema is an
occasional finding in the frontal and temporal lobes, basal ganglia,
cerebellum, brainstem, and cortical grey matter. [4,5,6] Recogni-
tion of PRES is improving with the increasing availability of
magnetic resonance imaging (MRI) and recent reappraisal of the
imaging abnormality spectrum. [6].

The pathophysiology of PRES remains controversial, and the
two main hypotheses contradict each other. One involves
impaired cerebral autoregulation responsible for an increase in
cerebral blood flow, whereas the other incriminates endothelial
dysfunction with cerebral hypoperfusion. This hypoperfusion
hypothesis may be most relevant to cases of PRES associated
with cytotoxic therapy. Under both hypotheses, the cerebral blood
perfusion abnormalities result in blood-brain barrier dysfunction
with cerebral vasogenic oedema. [4,5,7] PRES can develop in
association with a vast array of clinical conditions and is typically
reversible once the cause is removed. [3,8,9] However, its
reversible nature has been challenged based on reports of
permanent neurological impairments and of mortality rates
reaching 15% [8,9]. No studies focusing specifically on patients
with  severe PRES  requiring life-sustaining  treatments
[10,11,12,13] have been published to date. Although the
pathophysiological mechanisms may be the same as in less severe
forms, knowledge of factors influencing the outcome of severe
PRES might result in improved early management. [7].

Here, our objective was to identify predictors of functional
outcome on day 90 in adults with severe PRES, with special
attention to factors amenable to improvement. Thus, we thought
to provide intensivists and other clinicians a realistic picture of
severe PRES with useful management pathways in daily clinical
practice. To this end, we conducted a multicentre retrospective
cohort study.

Methods

The ethics committee of the French Society for Critical Care
approved the constitution of this retrospective cohort of patients
with severe PRES.

Patients

Patients admitted to one of the 24 participating ICUs
(Appendix) between May 2001 and May 2010 and exhibiting
clinical and neuroimaging features consistent with severe PRES, as
defined below, were eligible for the study.

First selection of cases was performed by searching a patient’s
hospital claims data for the presence of certain International
Statistical Classification of Diseases and Related Health Problems
10th Revision diagnosis and procedure codes among : Enceph-
alopathy (G93.4), Hypertensive encephalopathy (167.4), Toxic
encephalopathy (G92), Gestational Hypertension (O14), Eclamp-
sia (O15), Unspecified maternal hypertension (O16), Convulsions
(R56), Epilepsy (G40), Status epilepticus (G41), Headache (G44),
Visual disturbances (H53 and H54), Cerebral oedema (G93.6) and
Abnormal findings on diagnostic imaging and in function studies,
without diagnosis (R90-R94).

All neuroimaging documents were reviewed by two indepen-
dent and certified neurologists with specialist stroke-experience
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and trained in MRI diagnosis of PRES and its pitfalls.
Neuroimaging review was performed blinded to the clinical
findings. Patients were included by consensus between two
neurologists (FP and EM). Patients with no brain imaging studies
available for review by the study neurologists were not included.

Definitions

PRES was defined as a variable combination of acute
neurologic clinical changes including consciousness impairment,
seizure activity, headaches, visual abnormalities, nausea/vomiting,
and focal neurological signs [4,5] associated with neuroimaging
findings consistent with PRES [4], including vasogenic oedema by
MRI diffusion sequences (measurement of apparent diffusion
coeflicient (ADC)) or at least partial reversibility on follow-up
imaging when diffusion sequences were not available. [6].

PRES was severe when associated with neurological failure
defined by any neurological disorder of central origin among
impairment of consciousness, seizure with or without status
epilepticus, focal sign, encephalopathy, and meningeal symptoms,
which required intensive care management for monitoring or life
support management.

Coma was defined as the absence of arousal and consciousness
with a Glasgow Coma Scale (GCS) score <9. [14,15].

Visual abnormalities consisted of blurred vision, visual neglect,
homonymous hemianopsia, visual hallucinations, and cortical
blindness.

Focal neurological signs consisted of symptoms or signs related
with damage to, or dysfunction of, a specific anatomic site in the
central nervous system. [16] These signs were categorized as
unifocal or multifocal, and as transient or persistent.

Convulsive status epilepticus was defined as continuous motor
seizure activity for at least 5 minutes (continuous) or as more than
two motor seizures without full recovery of consciousness in the
interval (intermittent). [17,18] Refractory status epilepticus was
defined as continuous or intermittent seizures despite treatment
with an intravenous benzodiazepine (clonazepam or diazepam)
and intravenous phenytoin, fosphenytoin, or phenobarbital. [19]
Electrical status epilepticus was diagnosed in comatose patients
with or without subtle convulsive movements (rhythmic twitching
of the arms, legs, trunk, or facial muscles; tonic eye deviation; or
nystagmoid eye jerking) [20] but with generalized ictal discharges
on the electroencephalogram (EEG). [21].

Seizure activity on the EEG was defined as continuous or
recurrent rhythmic focal or generalized spikes; sharp waves; spike
waves; or rhythmic waves changing in amplitude, frequency, and/
or spatial distribution. [22].

Hypertension was defined according to the 2007 European
guidelines for the management of arterial hypertension. Grade 1:
mild hypertension (systolic blood pressure [SBP], 140-159 mmHg
and/or diastolic blood pressure [DBP], 90-99 mmHg); Grade 2:
moderate hypertension (SBP, 160-179 mmHg and/or DBP 100—
109 mmHg); and Grade 3: severe hypertension (SBP=180 mmHg
and/or DBP=110 mmHg). [23].

Diagnosis and Treatment

The management combined symptomatic life-supporting treat-
ments and control of the factor causing PRES. [10,11] Efforts
were made to control systemic secondary brain insults and to limit
effects of potential cranial hypertension Hypoglycemia was
routinely checked and corrected. If glucose was given, 100 mg
of thiamine was administered concomitantly, most notably when
there was evidence of vitamin Bl deficiency. Patients were also
routinely evaluated for hyperthermia, hyperglycemia, hypo- or
hyper-carbia, anemia, metabolic disturbances, epileptic activity
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and aspiration pneumonia that may complicate the initial
consciousness disorders and which required prompt correction.
Patients with status epilepticus were managed as previously
described. [24] Control of severe hypertension, if present, was
an important part of the symptomatic management. Intravenous
antihypertensive drugs including labetolol, nicardipine, or urapidil
were given. [25].

A neurologist consultant was available for advice. Extensive
diagnostic investigations were performed. C'T was easier to obtain
first. MRI was performed in most patients, as either the first or the
second imaging study. Both local radiologists and neurologist
consultants read the neuroimaging studies. In addition, a
neuroradiologist was consulted if deemed necessary. Electroen-
cephalography (EEG) was performed routinely to look for non-
convulsive status epilepticus. Cerebrospinal fluid was examined in
patients with a fever or clinical suspicion of meningitis and when
deemed appropriate by the attending physicians. Laboratory tests
were also obtained routinely. Plasma anticonvulsant drug assays,
including magnesium assays, and qualitative tests for toxic agents
or medications associated with seizures and other symptoms of
PRES were performed at the discretion of the attending
physicians.

Interventions to control identified causative factors were
initiated promptly. These interventions included blood pressure
control, withdrawal of cancer chemotherapy or immunosuppres-
sive agents, caesarean section, and/or dialysis, as appropriate.

Data Collection

A standardized form was used to collect the variables listed in
Tables 1-7 and Figure 1. Clinical features of PRES were collected
retrospectively based on data in the pre-hospital notes, emergency-
room chart, and ICU chart.

A standardized form was used to collect the neuroimaging
features of PRES: uni/bilateral involvement, grey/white matter
involvement, lesion distribution (i.e., parietal and/or occipital
and/or temporal and/or frontal lobes, ganglia, brainstem,
cerebellum), presence of ischaemic and/or haemorrhagic compli-
cations, reversibility of lesions, and recurrences (Figure 1).

The primary cause of PRES was classified as hypertensive
encephalopathy, exposure to a toxic agent, toxaemia of pregnancy
(preeclampsia/eclampsia), autoimmune disease, or miscellaneous
causes. Toxicity was considered when PRES occurred during or
after a pharmacological treatment known to induce neurological
toxicity (Table 3). Hypertensive encephalopathy was diagnosed in
patients presenting the association of severe hypertension and signs
of neurological failure [23], and absence of evidence of other
etiologic category as described above.

The time from symptom onset to control of the causative factor
was clocked (e.g., time to achieve blood pressure values within the
normal range for hypertension, time to treatment discontinuation
for toxicity, or time of C-section for toxaemia).

Severity and organ dysfunction at ICU admission were assessed
using the Simplified Acute Physiology Score II (SAPS-II) [26] and
the Logistic Organ Dysfunction (LOD) score. [27].

Assessment of Outcome

The primary evaluation criterion was the structured Glasgow
Outcome Scale (GOS) score on day 90 (%7 days) after onset of
PRES (Table 1). The GOS score reflects both mortality and
morbidity. [28] Each surviving patient was interviewed for GOS
score determination on day 90 and day 180 by a trained physician,
when allowed by the time since inclusion. Otherwise, the GOS
score was extracted from the hospital charts or determined by
interviewing the patient’s general practitioner or neurologist. IFor
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this study, we defined a favourable outcome as a GOS score of 3,
that is, alive with good function enabling the return to former
occupational or academic activities, with or without minor
physical or mental deficits.

Statistical Analysis

Quantitative parameters are reported as median and inter-
quartile range (IQR, 25th-75th percentile) and qualitative
parameters as numbers and percentage. Categorical variables
were compared using the 2 test or Fisher’s exact test, as
appropriate. Continuous variables were compared using the
Mann-Whitney U test or the Wilcoxon test, as appropriate. The
day-90 GOS score was known for all study patients. Associations
between patient characteristics and 90-day GOS score were
assessed using a logistic regression model (Tables 5 and 6).
Multivariable analysis was performed using stepwise forward
selection to introduce variables whose P values were smaller than
0.20 by univariate analysis. The following variables were entered
into the model: age (year), pre-existing co-morbidity (Y/N),
epileptic seizure (Y/N), status epilepticus (Y/N), GCS score at
ICU admission, headache (Y/N), acute hypertension (Y/N), mean
arterial pressure on scene (mmHg), highest glycaemia value
(mmol/L), LOD score, grey matter involvement (Y/N), brainstem
involvement (Y/N), ganglia involvement (Y/N), total number of
brain areas involved, haemorrhagic complication at first imaging
(Y/N), time from PRES onset to causative-factor control (hours),
SAPS II score, duration of mechanical ventilation (days),
mechanical ventilation (Y/N), refractory status epilepticus (Y/N),
length of ICU stay (days), length of hospital stay (days), toxaemia
of pregnancy (Y/N), and exposure to toxic agent (Y/N). Then, the
absence of a significant increase in the likelithood value after
omission of each of the remaining variables was checked.
Variables were tested for co-linearity and interactions before
inclusion in the multivariable model. Goodness of fit was evaluated
by the Hosmer-Lemeshow statistic. The area under the ROC
curve was estimated by the c statistic (Association of Predicted
Probabilities and Observed Responses). Odds ratios (ORs) and
their 95% confidence intervals (95%ClIs) were computed. Values
of p less than 0.05 were considered statistically significant. Analyses
were done using the SAS 9.1 software package (SAS Institute,
Cary, NC, USA).

Results

Patients (n=70)

The patient flow chart is shown in Figure 1. Of the 86 patients
admitted to the 24 study ICUs for possible PRES during the 9-
year study period, 7 did not meet our inclusion criteria and 9 had
no neuroimaging documents available for review, leaving 70
patients for the study.

Table 2 reports the main patient characteristics.

On-scene Clinical Presentation (Figure 1)

Consciousness impairment was the most common clinical
feature, being present in all but 4 (94%) patients. Clinical seizures
occurred in 57 (81%) patients. Median value of mean arterial
pressure was 122 (105-143) mmHg on scene. Acute hypertension
was noted in 62 (89%) patients.

Neuroimaging Features (Figure 1)
All patients underwent cerebral imaging. CT and MRI were

performed in 12 (17%) and 58 (83%) patients, respectively. Among
the 25 (36%) patients who underwent both CT and MRI, 4 (16%)
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Patient is certified dead.

Patient is unable to interact with the environment. Patients who show no evidence of
meaningful responsiveness. This non-sentient state must be distinguished from other conditions of
wakeful, reduced responsiveness-such as the locked-in syndrome, akinetic mutism and total global
aphasia. Vegetative patients breathe spontaneously, have periods of spontaneous eye-opening, may
follow moving objects with their eyes, show reflex responses in their limbs (to postural or painful stimuli),
and they may swallow food placed in their mouths.

Patient is unable to live independently but can follow commands. This indicates that a
patient is conscious but needs the assistance of another person for some activities of daily living every
day. This may range from continuous total dependency to the need for assistance with only one activity.

Patient is capable of living independently but unable to return to work or school. Such a
patient is able to look after himself at home, to get out and about to the shops and to travel by public
transport. However, some previous activities, either at work or in social life, are now no longer possible
by reason of either physical or mental deficit.

Patient is able to return to work or school. This indicates the capacity to resume normal
occupational and social activities, although there may be minor physical or mental deficits. However, for
various reasons, the patient may not have resumed all his previous activities, and in particular may not

(Adapted from Jennett B, Teasdale G, Braakman R, Minderhoud J, Knill-Jones R. Predicting outcome in individual patients after severe head injury. Lancet 1976;1:1031-

had normal CT findings but had MRI evidence of PRES. Median

time from ICU admission to brain imaging was 1 (0-4) day.

Management

Median time from PRES onset to ICU admission was 0 (—2.5—
0.5) hours. Mechanical ventilation was needed in 50 (71%)
patients, for 5 (2-10) days. Median LOD score was 6 (IQR, 4-8),
indicating a median of 3 (2—4) organ dysfunctions per patient.
Organ involvements were as follows: neurologic, n =354 (77%);
respiratory, n=>50 (71%); renal, n=44 (63%); haemodynamic,
n=22 (31%); hepatic, n=12 (17%); and haematological, n=15
(21%). Among patients with seizure activity, 31 (44%) had status
epilepticus, including 7 (10%) refractory cases. EEG was
performed in 59 (84%) patients and showed progression to
electrical status epilepticus in 10 (17%). Overall, at least one cause
of PRES was found in all 70 patients. The most common causes
were toxicity (44%) and hypertensive encephalopathy (41%)
(Table 3). Median time to control of the causative factor was 30
(7-86) hours. Systemic secondary brain insults on day 1 are
reported in Table 4. Median lengths of ICU and hospital stays
were 7 (IQR, 4-16) and 33 days IQR, 15-62), respectively. ICU
and hospital mortality rates were 10% (7 deaths) and 12.9% (9
deaths), respectively. During the 90-day follow-up period, 2
additional patients died, yielding an overall mortality rate of 16%.
Among the 11 deaths, 4 were thought to be related to PRES,
yielding a specific mortality rate of 5.7%. There was one case each
of brain death related to cardiac arrest complicating the treatment
of status epilepticus, refractory status epilepticus with multi-organ
failure, cerebral haemorrhage with ventricular flooding, and brain
death related to cerebral herniation complicating ischaemia.
Among the 9 patients who died before hospital discharge, 6 died
after decisions to forgo life-sustaining treatments.

Ninety-day Functional Outcome

The day-90 GOS score was known for all 70 patients. Among
them, 33 (47.1%) were alive with a GOS score of 5 (Figure 1).
Independent predictors of day-90 functional outcome are reported
in Table 7. Among them, two factors increased the risk of an
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Table 1. Categories of the structured Glasgow Outcome Scale.
Category Classification Description
Death
2 Vegetative state
3 Severe disability
4 Moderate disability
5 Mild or no disability
be working.
1034.)
doi:10.1371/journal.pone.0044534.t001

unfavourable functional outcome, namely, higher maximal
glycaemia on day 1 (OR, 1.22; 95%CI, 1.02-1.45, P=0.03) and
longer time to control of the causative factor (OR, 3.3; 95%CI,
1.04-10.46, P=0.04). Toxaemia of pregnancy as the cause
decreased the risk of an unfavourable outcome (OR, 0.06;
95%CI, 0.01-0.38, p=10.003).

Discussion

In this retrospective multicentre study of 70 patients with severe
PRES, 11 (16%) patients died before day 90 and only 33 (56%)
survivors had a good recovery defined as a GOS score of 5. Both
of the factors independently associated with a poor outcome
(GOS<5) were directly linked to the early management, and both
may offer hope for improving outcomes (Panel).

Patient characteristics were consistent with previous studies.
PRES preferentially affects women and relatively young individ-
uals with serious co-morbidities. [9] The main clinical manifes-
tations were consciousness impairment (94%) and seizure activity
(81%). Consciousness was often severely impaired, with a median
Glasgow Coma Scale score of 9 (3-14) at ICU admission. The
44% prevalence of status epilepticus was considerably higher than
in previous reports of unselected cases of PRES. [1,9] The other
clinical signs such as headaches, vision impairment, nausea/
vomiting, and focal neurological signs at scene were in accordance
with recent reports. [1,6,8,9,29] Acute hypertension was found on-
scene in 83% of patients, with a median value of mean arterial
pressure level of 122 (105-143) mmHg, in keeping with earlier
data. [1,3,8,9] The neuroimaging findings in our study were also
consistent with current knowledge. Despite a marked predomi-
nance of posterior parietal-occipital lobe involvement, atypical
patterns were seen in a substantial proportion of patients and
included strictly unilateral lesion distribution and involvement of
the grey matter, anterior lobes, basal ganglia, cerebellum, and
brainstem. Thorough familiarity with these atypical patterns is
crucial, especially when the clinical features are not suggestive [6].

All patients received early symptomatic management concom-
itantly with prompt and extensive investigations to identify the
cause. The on-scene presentation was severe as evidenced by the
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Table 2. Patient characteristics (n=70).
No. (%) or Median (IQR)
Demographics
Age (y)° 36 (25-52)
Female gender 45 (64%)
Pre-existing co-morbidity 56 (80%)
Treatments for severe PRES
Number of anticonvulsant drugs needed to control status epilepticus 2 (1-4)
Number of antihypertensive drugs needed to control acute hypertensive crisis 1 (0-3)
Refractory status epilepticus® 7 (10%)
Progression to electrical status epilepticus’ 10 (17%)
Need for mechanical ventilation 50 (71%)
Duration (d) of mechanical ventilation 5 (2-10)
Length (d) of hospital stay 33 (15-62)
Time (h) from PRES onset to control of causative factor 30 (7-86)
Severity scores at ICU admission
SAPS |l score 42 (27-53)
GCS score 9 (3-14)
Patient characteristics at ICU admission
Time (d) from hospitalization to ICU admission 1(0-12)
Time (h) from clinical acme of PRES to ICU admission 0 (-2,2-7.1)
Time (h) from PRES onset to ICU admission 0 (-2.5-0.5)
Tests to identify cause of PRES
Lumbar puncture™ 40 (57%)
CT scan and/or MRI* 70 (100%)
Electroencephalography 59 (84.3%)
Outcomes
Partial or full reversibility of imaging abnormalities (n =49)% 43 (88%)
Ischaemic and/or haemorrhagic complication*® 7 (14%)
Time (d) from PRES onset to resolution of initial imaging findings® 12 (7-40)
Recurrence of PRES 4 (5.7%)
Mortality rate at hospital discharge? 9 (13%)
PRES, Posterior Reversible Encephalopathy syndrome; CT, computed tomography; MRI, magnetic resonance imaging; ICU, Intensive Care Unit; SAPS, Simplified Acute
Physiology Score; [26] GCS, Glasgow Coma Scale score [14,15].
2Age (yr): 3815 (Mean * sd).
“Lumbar puncture, n =40 (57%); Average Cell count (number/uL): 17 (range, 0-320); average glucose (mmol/L): 4.1 (range, 0.6-6.6); average protein (g/L): 0.81 (range,
0.25-4.2).
*CT scan only, n=12 (17%); MRI only, n=25 (36%); CT scan and MRI, n=33 (47%).
ll’Refractory status epilepticus was defined as continuous or intermittent seizures despite treatment with an intravenous benzodiazepine (clonazepam or diazepam) and
intravenous phenytoin, fosphenytoin, or phenobarbital [19].
PElectrical status epilepticus was diagnosed when the patient was found in a coma with or without subtle convulsive movements but with generalized or lateralized
ictal discharges on the electroencephalogram (n=59). [21].
£Reversibility was partial in 21 (43%) and total in 22 (45%) patients.
*among patients with follow-up imaging studies, n =49 (70%).
©haemorrhagic, n=6 (12%); ischaemic, n=4 (8.2%) (A given patient could have more than one complication.).
*Four deaths directly ascribable to PRES: one patient each had brain death related to cardiac arrest complicating the treatment of status epilepticus, refractory status
epilepticus with multi-organ failure, cerebral haemorrhage with ventricular flooding, and brain death related to cerebral herniation complicating cerebral ischaemia.
doi:10.1371/journal.pone.0044534.t002

high number of organ failures, and mechanical ventilation was agents associated with PRES is growing steadily. In our study,
required in 71% of patients. Antihypertensive drugs and immunosuppressants such as anticalcineurin agents (cyclosporine
anticonvulsants were given early, as necessary. At least one A and tacrolimus FK506) were the most common toxic causes.
cerebral imaging study was performed, and 83% of patients had Hypertensive encephalopathy was the second most common
MRI, the reference standard for diagnosing PRES. [30] At least causative factor, with 41% of patients. Toxaemia of pregnancy
one cause was identified in all patients, allowing early etiological and autoimmune diseases were identified in 23% and 11% of
treatment. Median time from PRES onset to control of the cause patients, respectively, potentially explaining the female predomi-
was only 30 (7-86) hours. Exposure to toxic agents was the most nance of the syndrome. Finally, other factors reported in

common cause, with 44% of patients. The already long list of toxic
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Table 3. Causes of severe posterior reversible encephalopathy syndrome (PRES) (n=70).

Causes of PRES ?

Median value of mean arterial pressure at scene (mmHg)

All patients n (%)

Hypertensive encephalopathy
Toxicity

Cytotoxic agents

Cyclophosphamide

Cytarabine

Methotrexate

Vincristine

Proteasome inhibitor: Bortezomid
Anti-angiogenic agents: Bevacizumab
Monoclonal antibodies: Muromonab (anti-CD3)
Immunosuppressive agents
Anticalcineurin agents

Cyclosporine A

Tacrolimus (FK 506)

Mycophenolate mofetil

High-dose corticosteroid therapy
Other agents

Antiretroviral agents

Lysergic acid amide

Toxaemia of pregnancy (preeclampsia/eclampsia)
Autoimmune diseases

Systemic lupus erythematosus
Systemic sclerosis (scleroderma)
Wegener’s granulomatosis
Thrombotic microangiopathy
Miscellaneous causes
Hypomagnesaemia

Sickle cell disease

Infection/sepsis/shock

137 (120-155)
113 (91-127)

133 (118-146)
140 (122-157)

126 (102-134)

29 (41%)
31 (44%)

NONN

1

1

16 (23%)
8 (11%)

2

1

1

4

5 (7.1%)
1

2

2

aSome patients had more than one cause.
doi:10.1371/journal.pone.0044534.t003

association with PRES, sometimes only anecdotally, include
hypomagnesaemia, sickle cell disease, and infection/sepsis/shock.

We identified three factors independently associated with the
day-90 functional outcome. Among them, time to control of the
causative factor provides the greatest room for improvement.
Although a role for this variable was suggested previously [11,31],

encephalopathy syndrome (PRES) (n=70).

our study is the first to demonstrate an independent association
with the outcome. Patients may require blood pressure control,
withdrawal of cancer chemotherapy or immunosuppressants,
caesarean section, dialysis, or other interventions. Prompt control
of the cause is crucial to decrease the risk of ischaemia or bleeding,
thereby avoiding permanent disabilities or death. [1] Although

Table 4. Systemic secondary brain insults on day 1 of ICU management of patients with severe posterior reversible

Minimal level on day 1

Maximal level on day 1

All patients GOS 1-4 on day 90 GOS 5 on day 90  All patients GOS 1-4 on day 90 GOS 5 on day 90
Blood sodium (mmol/L) 136 (134-139) 137 (134-140) 136 (134-138) 140 (137-143) 140 (137-143) 140 (137-142)
Glycaemia (mmol/L) 5.2 (45-6.3) 5.4 (4.7-6.6) 5.2 (4.5-6.1) 7.9 (6.7-10.4) 8.7 (7.5-11.1)* 7.1 (6.1-9.3)*
PCO, (mmHg) 30 (26-35) 30 (26-36) 30 (28-33) 36 (32-41) 37 (30-43) 35 (32-38)
Central temperature (°C) 36.5 (36-37) 36.9 (36.0-37.0) 36.4 (36.1-37.0) 38 (37.4-38.6) 38.0 (37.4-38.7) 38.0 (37.4-38.6)

*p<0.05.
doi:10.1371/journal.pone.0044534.t004
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control of the causative factor was achieved within a median of
only 30 hours in our study, ischaemic and haemorrhagic
complications occurred in 8% and 12% of patients, respectively.
Moreover, reversibility of the imaging abnormalities was partial in
43% and complete in 45% of patients. Several studies have suggest
that toxaemia of pregnancy may be associated with better
[32] In our study, toxaemia of pregnancy was
independently associated with a higher likelihood of a favourable
day-90 outcome (GOS =5). Maternal mortality after eclampsia is
only about 1%. However,
(placental abruption and HELLP syndrome) and neurological
complications (ischaemia and haemorrhage) can occur. Another
risk after eclampsia is the development of post-traumatic stress
disorder. Hyperglycaemia was the last factor independently
assoclated with the 90-day outcome in our patients. Hyperglycae-
mia, a common occurrence in neurocritical care patients [33], was
significantly associated in several studies with increased mortality
and impaired functional outcomes after events such as stroke
[34,35], intracerebral haemorrhage [36], traumatic brain injury,
[37] and spinal cord injury. [38] However, whether hyperglycae-

outcomes.

extra-neurological complications

PLOS ONE | www.plosone.org

Table 5. Patient characteristics and univariate predictors of 90-day functional outcome.

No. (%) or Median (InterQuartile Range) Univariate analysis

All Patients GOS=5n=33 GOS <5 n=37

n=70 (47.9%) (52.9%) OR 95%CI p value
Demographics
Age (y) 36 (25-52) 34 (26-45) 41 (24-56) 1.02 0.98-1.05 0.36
Female gender 45 (64%) 23 (70%) 22 (60%) 0.64 0.24-1.72 0.37
Pre-existing co-morbidity 56 (80%) 22 (67%) 34 (92%) 5.67 1.42-22.63 0.01
Clinical characteristics
Epileptic seizure 57 (81%) 29 (88%) 28 (76%) 043  0.12-155 0.19
Status epilepticus 31 (44%) 11 (33%) 20 (54%) 235 0.89-6.21 0.08
Consciousness impairment 66 (94%) 30 (91%) 36 (97%) 3.60 0.56-36.43 0.28
Vision impairment 25 (36%) 11 (33%) 14 (38%) 122 045-325 0.69
Headache 36 (51%) 20 (61%) 16 (43%) 049  0.19-1.28 0.15
Nausea/Vomiting 23 (33%) 11 (33%) 12 (32%) 0.96 0.35-2.61 0.93
Focal neurological signs at scene 13 (19%) 6 (18%) 7 (19%) 1.05 0.31-3.5 0.94
Mean arterial pressure at scene of PRES (mmHg) 122 (105-143) 121 (113-144) 125 (99-141) 0.99 0.98-1.01 0.48
Brain imaging characteristics
Grey matter involvement 11 (16%) 3 (9.1%) 8 (22%) 276  0.66-11.43 0.16
Occipital lobes involvement 60 (86%) 30 (91%) 30 (81%) 043 0.10-1.82  0.25
Parietal lobes involvement 65 (93%) 31 (94%) 34 (92%) 073  0.11-469 074
Frontal lobes involvement 55 (79%) 27 (82%) 28 (76%) 069  0.22-2.21 0.53
Temporal lobes involvement 44 (63%) 21 (64%) 23 (62%) 0.94 0.35-248 0.89
Cerebellum involvement 23 (33%) 13 (39%) 10 (27%) 0.57 0.21-1.56 0.27
Brainstem involvement 12 (17%) 8 (24%) 4 (11%) 0.38 0.10-1.40 0.14
Ganglia involvement 25 (36%) 16 (49%) 9 (24%) 0.34 0.12-0.94 0.04
Total number of brain areas involved 4 (3-5) 5 (3-5) 4 (3-5) 0.71 0.51-1.01  0.05
Ischemic and/or hemorrhagic complication ® 12 (17%) 3 (9.1%) 9 (24%) 746  0.86-6435 0.07
ICU: intensive care unit; OR: odds ratio; 95% Cl: 95% confidence interval; Higher scores indicate a higher risk of poor functional outcome.
Vas indicated by a McCabe score =1;
Focal neurological signs were defined as symptoms or signs consistent with damage to, or dysfunction of, a specific anatomic site in the central nervous system. Signs
were unifocal or multifocal, and transient or persistent;
©haemorrhagic, n=6 (12.2%); ischaemic, n=4 (8.2%) (A given patient could have more than one complication.);
Values of p in bold are significant (p<<0.05).
doi:10.1371/journal.pone.0044534.t005

mia is an independent prognostic factor or a marker for brain
mnjury severity remains unclear. [33].

None of the clinical or neuroimaging features evaluated in our
study was independently associated with the day-90 outcome. The
two independent risk factors for a poor day-90 outcome were
related to early management. Our results support a goal-directed
strategy combining prompt symptomatic treatment and control of
the causative factor as soon as it is identified, regardless of on-scene
severity of the clinicoradiologic presentation.

Previous studies provided limited data on the management and
outcome of PRES. The mortality rate reached 15% [8,9]. An
assessment of functional impairment was reported in a single
study, which found a median modified Rankin scale of 2.5 at
discharge, indicating mild-to-moderate disability [8]. None of
these studies focused on severe PRES. Moreover, the relative roles
in fatal outcomes of the syndrome itself and of associated factors
remained unclear. Our multicentre study accurately delineates the
presentation, management, and determinants of functional out-
comes in patients requiring ICU admission for severe forms of
PRES.
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Table 6. Patient characteristics and univariate predictors of 90-day functional outcome.

No. (%) or Median (InterQuartile Range) Univariate analysis

All Patients GOS=5n=33 GOS <5 n=37

n=70 (47.9%) (52.9%) OR 95%Cl p value
Patient characteristics and severity scores at ICU admission
Time (h) from PRES onset to ICU admission 0 (—2.5-0.5) 0(—2.2-18.9) 0 (—2.6-0) 1.00 0.99-1.01 0.94
SAPS Il score 42 (27-53) 36 (23-53) 44 (37-55) 1.04 1.00-1.07 0.03
LOD score 6 (3.7-8.0) 4.5 (1.0-9.5) 6 (4.7-8.0) 1.08 0.95-1.24 0.23
GCS score 9 (3-14) 12 (4-15) 8 (3-12) 0.93 0.84-1.03 0.14
Systemic secondary brain insults at day 1
Lowest blood-sodium level (mmol/l) on day 1 136 (134-139) 136 (134-138) 136 (134-140) 1.00 0.89-1.12 0.98
Highest blood-sodium level (mmol/l) on day 1 140 (137-143) 140 (137-142) 140 (138-143) 099 088-1.12 0.96
Lowest glycaemia (mmol/L) on day 1 5.2 (4.5-6.3) 5.2 (45-6.1) 5.3 (4.6-6.5) 120  0.90-1.59 0.21
Highest glycaemia (mmol/L) on day 1 7.9 (6.7-10.4) 7.1 (6.1-9.3) 8.7 (7.4-11.1) 1.17 1.01-1.37 0.04
Lowest PCO2 level (mmHg) on day 1 30 (26-35) 30 (28-33) 30 (26-36) 1.02 0.92-1.13 0.68
Higher PCO2 level (mmHg) on day 1 36 (32-41) 35 (32-38) 37 (29-43) 1.03 0.96-1.09 0.42
Lowest temperature level on day 1 36.5 (36-37) 36.4 (36.1-37) 36.8 (36.37) 1.34 0.73-2.57 0.32
Higher temperature level on day 1 38 (37.4-38.6) 38 (37.4-38.6) 38 (37.4-38.7) 1.08 0.69-1.70 0.74
Treatments for severe PRES
Need for mechanical ventilation 50 (71%) 20 (61%) 30 (81%) 278  0.95-8.19 0.06
Duration (d) of mechanical ventilation 5 (2-10) 3 (2-6) 7 (4-16) 1.26 1.05-1.50  0.01
Refractory status epilepticus® 7 (10%) 1 (3%) 6 (16%) 6.19  0.70-54.46 0.10
Length (d) of hospital stay 7 (4-16) 5(3-8) 13 (6-27) 1.11 1.03-1.2 0.008
Length of hospital stay 33 (15-62) 18 (12-33) 60 (28-108) 1.04 1.02-1.07 0.001
Cause of PRES Y
Time (h) from PRES onset to control of causative factor 30 (7-86) 17 (5-48) 40 (18-213) 1.01 1.00-1.01 0.03
Hypertensive encephalopathy 29 (41%) 13 (39%) 16 (43%) 1.17 045-194 074
Toxemia of pregnancy (preeclampsia/eclampsia) 16 (23%) 14 (42%) 2 (5.4%) 0.08 0.01-0.38 0.002
Toxic 31 (44%) 10 (30%) 21 (57%) 3.02 1.13-8.10  0.03
ICU: intensive care unit; OR: odds ratio; 95% Cl: 95% confidence interval; SAPS: Simplified Acute Physiology Score; LOD: Logistic Organ Dysfunction score. Higher scores
indicate a higher risk of poor functional outcome.
®Refractory status epilepticus was defined as continuous or intermittent seizures despite treatment with an intravenous benzodiazepine (clonazepam or diazepam) and
intravenous phenytoin, fosphenytoin, or phenobarbital;
YSome patients had more than one diagnosis; Values of p in bold are significant (p<0.05).
doi:10.1371/journal.pone.0044534.t006

Table 7. Multivariable analysis: Independent predictors of poor functional outcome on day 90.

Odds Ratio 95%Cl p value
Toxaemia of pregnancy (preeclampsia/eclampsia) 0.06 0.01-0.38 0.003
Highest glycaemia (mmol/L) on day 1 1.22 1.02-1.45 0.03
Time from PRES onset to control of causative factor >30 min 3.30 1.04-10.46 0.04
Status epilepticus 1.66 0.52-5.29 0.39

Values of p in bold are significant (p<<0.05).

Goodness of fit (Hosmer-Lemeshow) chi-square p value=0.27.

Area under the ROC curve estimated by the c statistic=0.31.

The following variables were entered into the model: age, pre-existing co-morbidity, epileptic seizure, status epilepticus, GCS score at ICU admission, headache, acute
hypertension, mean arterial pressure on scene, highest glycaemia value, grey matter involvement, brainstem involvement, ganglia involvement, total number of brain
areas involved, haemorrhagic complication at first imaging, time from PRES onset to causative-factor control (hours), SAPS Il score, duration of mechanical ventilation,
mechanical ventilation, refractory status epilepticus, length of ICU stay, length of hospital stay, toxaemia of pregnancy, and exposure to toxic agent.

95%Cl, 95% confidence interval; PRES, posterior reversible encephalopathy syndrome.

doi:10.1371/journal.pone.0044534.t007
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86 Patients Admitted to 24 ICUs for possible
Posterior Reversible Encephalopathy Syndrome
overa9 years study period

16 patients excluded

- 9 without brain imaging available for review

- 7 exclusions afterimaging study review by two
independent neurologists blinded to clinical data

70 Patients with confirmed diagnosis of
Posterior Reversible Encephalopathy Syndrome

!

Presentation at Scene

Clinical Features |1 Imaging Features
{ Consciousnessimpaiment | N=66(94%) | | | Greymatterinvolvement n=11(16%) |
i E | Bilateral involvement n=65(93%) |
| Glasgow Coma Scale atscene 13 (7-15) 1| | i
i Glasgow Coma Scale atICU admission 9 (3-14) ¢ i Total number brain areas involved 4(3-5) '
] 1 1 ]
E Epileptic seizure n= 57 (81%) E E Parietal lobes n=65(93%) i
! Headaches n=36(51%) i |+ Occipitallobes n=60(86%) 1
! Status epilepticus n=31(44%) ! ' Frontal lobes n=55(79%) '
| Visionimpairment n=25(36%) || ! Temporallobes n=44(63%) !
' Nausea/Vomiting n=23(33%) || Ganglia n=25(36%) !
' Focal neurological signs atscene n=13(19%) ;| | Cerebellum n=23(33%) !
4 i | ! Brainstem n=12(17%) |
| Hypertension ¥ n= 62(89%) | | ! :
| Mean arterial pressure at scene (mmHg)1 122(105-143) | | | Hemorrhagic complication at firstimaging § 9(13%) !
_______________________________________________ e e e
Outcomes

E Time (h)to control of causative factor 30(7-86) E

i Ischaemic/Haemorrhagic complications (n=48) 7(14%) |

t Imagingfinding reversibilty (n=49) 42(88%) !

! Recurrence of PRES 4(6%) |

E Number of organ dysfunctions atICU admission W 3(2-4)

' Needformechanical ventilation 50(71%) i

! Number of anticonvulsantdrugs 2(1-4) ;

! Number of antihypertensive drugs 1(0-3) .

- i

1 ICUmortality 7(10%) E

! Hospital mortality 9(13%) |

| :

i Glasgow Outcome Scale (GOS) on day-90 T !

i GOS 1 (3-month mortality) 11(16%) !

1 GOS 2 (vegetative state) 0(0%) !

1 GOS 3 (severe disability) 7(10%) !

i GOS 4 (moderate disability) 19(27%) !

! GOS 5 (good recovery) 33(47%) !

Figure 1. Patient flow chart, clinicoradiologic features, management, and 90-day follow-up in 70 patients with severe posterior
reversible encephalopathy syndrome. ¥ Hypertension was defined according to the 2007 European guidelines for the management of arterial
hypertension(16). Grade 1: mild hypertension (systolic blood pressure [SBP], 140-159 mmHg and/or diastolic blood pressure [DBP], 90-99 mmHg);
Grade 2: moderate hypertension (SBP, 160-179 mmHg and/or DBP, 100-109 mmHg); Grade 3: severe hypertension (SBP=180 mmHg and/or
DBP=110 mmHg) I Mean arterial pressure (2/3 diastolic +1/3 systolic pressure) § Nine patients with haemorrhagic complications at first imaging: 3
with no follow-up imaging studies, 3 with persistent haemorrhagic abnormalities by follow-up imaging, and 3 with resolution of the haemorrhagic
abnormalities W According to the Logistic Organ Dysfunction (LOD) score [27] fThe primary outcome measure was the score on the Glasgow
Outcome Scale [39] (GOS) 90 days after onset of severe posterior reversible encephalopathy syndrome. A score of 1 indicates death; 2, a vegetative
state (the patient is unable to interact with the environment); 3, severe disability (the patient is unable to live independently but can follow
commands); 4, moderate disability (the patient is capable of living independently but unable to return to work or school); and 5, mild or no disability
(the patient is able to return to work or school). A favourable outcome was defined as a score of 5 and an unfavourable outcome as a score lower
than 5. The day-90 GOS score was known in all 70 patients.

doi:10.1371/journal.pone.0044534.g001
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Our study has several limitations. First, the extent to which our
findings apply to the full spectrum of patients with PRES is
unclear. Patients were included in 24 ICUs over a 10-year period,
yielding a great variability in the radiologic technology used for
diagnosis and follow-up. However the year of admission, as well as
the center, were not determinants of functional outcome.
However, despite the retrospective study design, the participation
of 24 ICUs provided a broad picture of the management of severe
PRES. Second, PRES was diagnosed based on a combination of
clinical and neuroimaging features previously described as
consistent with PRES. MRI was obtained in most of the patients,
all neuroimaging studies were reviewed by two certified senior
neurologists blinded to clinical data, and patients were included by
consensus between the two neurologists. Consensus agreement
between the two neurologists that performed independent blinded
review of all available neuroimaging was strong with a value of 1
(considering a proportion of concordant classifications expected by
chance of 0.05). Given the 7 cases discarded after neuroimaging
expertise, kappa coeflicient agreement between initial selection of
cases and final enrolment was excellent with a value of 0.9
(considering a proportion of concordant classifications expected by
chance of 0.05). Follow-up neuroimaging studies were lacking in
30% of patients, but this proportion was even higher in previous
reports [6,8]. Third, the GOS in its structured form has been
found valid, practical, and reliable [39], but indirect GOS
evaluation via charts or physician interviews has not been studied.
Qualitative data from structured interviews may better assess the
cognitive and emotional burden after PRES. Fourth, A GOS score
of 4 may be viewed as a favorable outcome. A GOS score of 4 is
“moderate disability” in a “patient capable of living independently
but unable to return to work or school”. This category is
associated with functional impairments, as “some previous
activities, either at work or in social life, are now no longer
possible by reason of either physical or mental deficit”. Thus, in
keeping with other studies of outcomes of neurological conditions
in critically ill patients, we defined a poor outcome as a GOS score
smaller than 5. [40,41] Fifth, even if global mortality rate was of
15.7%, assessment of direct imputability of PRES indicates a lower
value of 5.7%. This interesting finding reinforces results of our
multivariate analysis of factors associated with functional outcome
in patients with severe PRES. Indeed, toxemia of pregnancy, as
opposed to others causes, was associated with good outcome,
underlying burden of co-morbidities in this syndrome. Moreover,
reasons for death directly ascribable to PRES demonstrate the
potential of aggravation in course of disease of patients presenting
with severe PRES. Sixth, impact on 90-days functional outcome of
other organ dysfunction than respiratory failure was not assessed
during the whole ICU stay. Seventh, due to the retrospective
design of the study, the GOS score was extracted from the hospital
charts or determined by interviewing the patient’s general
practitioner or neurologist in 90% of patients. In the remaining
10% of patients (corresponding to latest inclusions), the GOS score
was evaluated by the local investigator, who administered the scale
directly to the patient during a phone interview. The day-90 GOS
score was known for all study patients whereas the day-180 GOS
score was known for 62 (88.6%) patients. Last, 90 days after ICU
discharge may be too early to determine the final functional
outcome. However, 90 days is the most widely used interval for
assessing overall outcomes after brain injuries.

Conclusions

In conclusion, 90 days after severe PRES only 56% of survivors
had achieved a good recovery and the outcome was predicted
chiefly by factors available within a few hours after ICU

PLOS ONE | www.plosone.org

10

Outcomes in Patients with Severe PRES

admission. Among these factors, hyperglycaemia during the first
24 hours and delayed control of the cause may be amenable to
improvement. These results should be confirmed in a large
multicentre prospective study.

Acknowledgments

We thank A. Wolfe MD for helping to prepare the manuscript. All
participating hospitals and intensive care units are listed in the appendix
(contributors). Presentation at scientific conferences: Presented in part at
the 39th congress of the French Society for Critical Care (January 2011),
Paris, France. The following investigators participated in the study: Pierre
Guezennec, Sybille Merceron, Matthieu Henry Lagarrigue, Benjamin
Planquette, Pierrick Cronier (Medical-Surgical Intensive Care Unit, CH
Versailles — Site André Mignot, Le Chesnay, France); Pierrick Cronier
(Medical-Surgical Intensive Care Unit, CH Versailles — Site André Mignot,
Le Chesnay, France); Virginie Laurent (Medical-Surgical Intensive Care
Unit, CH Versailles — Site André Mignot, Le Chesnay, France); Julia Hilly-
Ginoux (Medical-Surgical Intensive Care Unit, CH Versailles — Site André
Mignot, Le Chesnay, France); Christian Hubert (Radiology Department,
CH Versailles — Site André Mignot, Le Chesnay, France); Thierry Duprez
(Neuro Radiology Department, Cliniques Universitaires Saint-Luc,
Brussels, Belgium); Emmanuel Canet, Virginie Lemiale, Benoit Schlemmer
(Medical Intensive Care Unit, CHU Saint-Louis, Paris, France); Jacques
Frija (Radiology Department, CHU Saint-Louis, Paris, France); Charles
Cerf (Medical-Surgical Intensive Care Unit, Hopital Foch, Suresnes,
France); Antoine Scherrer (Radiology Department, Hopital Foch,
Suresnes, France); Frederic Bourdain (Neurology Department, Hopital
Foch, Suresnes); Marie-Laure Chadenat (Neurology Department and
Stroke Center, CH Versailles - André Mignot, Le Chesnay, France);
Chantal-Nifle (Neurology Department and Stroke Center, CH Versailles -
André Mignot, Le Chesnay, France); Anne-Celine Zeghoudi (Neurology
Department and Stroke Center, CH Versailles - André Mignot, Le
Chesnay, France); Melissa Tir (Neurology Department and Stroke Center,
CH Versailles - André Mignot, Le Chesnay, France); Manuela Vasile
(Radiology Department, CHI de Créteil, Créteil, France); Christian
Richard (Medical Intensive Care Unit, CHU de Bicétre, Kremlin-Bicétre,
France); Denis Ducreux (Radiology Department, CHU de Bicétre,
Kremlin-Bicétre, France); Frederic Baud (Medical Intensive Care Unit,
CHU Lariboisiére, Paris, France); Jean-Pierre Guichard (Neuro Radiology
Department, CHU Lariboisiére, Paris, France); Dominique Hervé
(Neurology Department, CHU Lariboisiere, Paris, France); Emmanuel
Houdart (Neuro Radiology Department, CHU Lariboisiere, Paris, France);
Jean Mantz (Surgical Intensive Care Unit, CHU Beaujon, Clichy, France);
Hervé Mentec (Medical-Surgical Intensive Care Unit, CH Victor Dupouy,
Argenteuil, France); Jean-Paul Mira (Medical Intensive Care Unit, CHU
Cochin, Paris, France); Franck Pilleul (Radiology Department, Hospices
Civils de Lyon, Hoépital Edouard Herriot, France); Martin Cour (Medical
Intensive Care Unit, Hospices Civils de Lyon, Hépital Edouard Herriot,
France); Michel Wolff (Medical Intensive Care Unit, CHU Bichat, Paris,
France); Isabelle Klein (Neurology Department, CHU Bichat, Paris,
France); Bertrand Guidet (Medical Intensive Care Unit, CHU Saint
Antoine, Paris, France); Elisabeth Auffray-Calvier (Neuroradiology De-
partment, CHU Nantes, Nantes); Hubert Desal (Neuroradiology Depart-
ment, CHU Nantes, Nantes); Sandrine Wiertlewski (Neurology Depart-
ment, CHU Nantes, Nantes); Benoit Guillon (Neurology Department,
CHU Nantes, Nantes); Muriel Fartoukh (Medical Intensive Care Unit,
CHU Tenon, Paris, France); Gerard Vermeulin (Radiology Department,
CH Arpajon, Arpajon, France); Jean-Bernard D’Harcourt (Neuro
Radiology Department, Cliniques du Sud-Luxembourg of Arlon, Luxem-
bourg); Francois Blot (Medical-Surgical Intensive Care Unit, Institut
Gustave Roussy, Villejuif, France); Clarisse Dromain (Radiology Depart-
ment, Institut Gustave Roussy, Villejuif, France); Vincent Das (Medical-
Surgical Intensive Care Unit, CH André Grégoire, Montreuil, France);
Jean-Jacques Rouby (Surgical Intensive Care Unit, CHU Pitié-Salpétriere,
Paris, France); Damien Gallanaud (Neuro Radiology Department, CHU
Pitié-Salpétriere, Paris, France); Denis Lacroix (Neuro Radiology Depart-
ment, CHU Pitié-Salpétriére, Paris, France); Stephane Silvera (Radiology
Department, CHU Cochin, Paris, France; Betty Marro, Neuro Radiology
Department, CHU Tenon, Paris, France); Paul Muresan (Neurology
Department, CHU Tenon, Paris, France); Sanaa El Mouhadi (Radiology
Department, CHU Saint Antoine, Paris, France); Anne Liesse (Neurology

September 2012 | Volume 7 | Issue 9 | e44534



Department, CH de Roubaix, Roubaix, France); Emmanuel Michelin
(Neuro Radiology Department, CH de Roubaix, Roubaix, France).

Author Contributions

Conceived and designed the experiments: SL FP. Performed the
experiments: S OS EA PH EM IC CB OG NA B. Megarbane LB DS

References

1.

2.

20.

21.

22.

Hinchey J, Chaves C, Appignani B, Breen J, Pao L, et al. (1996) A reversible
posterior leukoencephalopathy syndrome. N Engl ] Med 334: 494-500.
Schwartz RB, Jones KM, Kalina P, Bajakian RL, Mantello MT, et al. (1992)
Hypertensive encephalopathy: findings on CT, MR imaging, and SPECT
imaging in 14 cases. AJR Am J Roentgenol 159: 379-383.

Schwartz RB, Bravo SM, Klufas RA, Hsu L, Barnes PD, et al. (1995)
Cyclosporine neurotoxicity and its relationship to hypertensive encephalopathy:

CT and MR findings in 16 cases. AJR Am J Roentgenol 165: 627-631.

. Bartynski WS (2008) Posterior reversible encephalopathy syndrome, part 1:

fundamental imaging and clinical features. AJNR Am J Neuroradiol 29: 1036
1042.

. Bartynski WS (2008) Posterior reversible encephalopathy syndrome, part 2:

controversies surrounding pathophysiology of vasogenic edema. AJNR
Am J Neuroradiol 29: 1043-1049.

. Bartynski WS, Boardman JF (2007) Distinct imaging patterns and lesion

distribution in posterior reversible encephalopathy syndrome. AJNR
Am J Neuroradiol 28: 1320-1327.

. Legriel S, Pico F, Azoulay E (2011) Understanding Posterior Reversible

Encephalopathy Syndrome. In: Vincent J-L, editor. Annual Update in Intensive
Care and Emergency Medicine 2011: Springer Berlin Heidelberg. 631-653.

. Burnett MM, Hess CP, Roberts JP, Bass NM, Douglas VC, et al. (2010)

Presentation of reversible posterior leukoencephalopathy syndrome in patients
on calcineurin inhibitors. Clin Neurol Neurosurg.

. Lee VH, Wijdicks EF, Manno EM, Rabinstein AA (2008) Clinical spectrum of

reversible posterior leukoencephalopathy syndrome. Arch Neurol 65: 205-210.
Servillo G, Striano P, Striano S, Tortora F, Boccella P, et al. (2003) Posterior
reversible encephalopathy syndrome (PRES) in critically ill obstetric patients.
Intensive Care Med 29: 2323-2326.

. Kozak OS, Wijdicks EF, Manno EM, Miley JT, Rabinstein AA (2007) Status

epilepticus as initial manifestation of posterior reversible encephalopathy
syndrome. Neurology 69: 894-897.

. Legriel S, Merceron S, Pico F, Cordoliani YS, Bedos JP (2011) A rare cause of

status epilepticus. Intensive Care Med.

. Legriel S, Bruneel F, Spreux-Varoquaux O, Birenbaum A, Chadenat ML, et al.

(2008) Lysergic acid amide-induced posterior reversible encephalopathy
syndrome with status epilepticus. Neurocrit Care 9: 247-252.

. Teasdale G, Jennett B (1974) Assessment of coma and impaired consciousness. A

practical scale. Lancet 2: 81-84.

. Bateman DE (2001) Neurological assessment of coma. ] Neurol Neurosurg

Psychiatry 71 Suppl 1: i13-17.

. Wippold EJ Jr (2008) Focal necurologic deficit. AJNR Am J Neuroradiol 29:

1998-2000.

. Alldredge BK, Gelb AM, Isaacs SM, Corry MD, Allen F, et al. (2001) A

comparison of lorazepam, diazepam, and placebo for the treatment of out-of-
hospital status epilepticus. N Engl ] Med 345: 631-637.

. Lowenstein DH, Bleck T, Macdonald RL (1999) It’s time to revise the definition

of status epilepticus. Epilepsia 40: 120-122.

. Mayer SA, Claassen J, Lokin J, Mendelsohn F, Dennis L], et al. (2002)

Refractory status epilepticus: frequency, risk factors, and impact on outcome.
Arch Neurol 59: 205-210.

Treiman DM, Meyers PD, Walton NY, Collins JF, Colling C, et al. (1998) A
comparison of four treatments for generalized convulsive status epilepticus.
Veterans Affairs Status Epilepticus Cooperative Study Group. N Engl J Med
339: 792-798.

Treiman DM, Walton NY, Kendrick C (1990) A progressive sequence of
electroencephalographic changes during generalized convulsive status epilepti-
cus. Epilepsy Res 5: 49-60.

Kaplan PW (2006) The EEG of status epilepticus. J Clin Neurophysiol 23: 221~
229.

PLOS ONE | www.plosone.org

1

Outcomes in Patients with Severe PRES

GP JC LA B. Mourvillier A. Galbois LCL MR FD A. Geffroy MS AS JLP
CA MN OL GT FB YSC JPB FP. Analyzed the data: SL. EA OS. Wrote
the paper: SL OS EA PH EM IC CB OG NA B. Megarbane LB DS GP
JC LA B. Mourvillier A. Galbois LCL MR FD A. Geffroy MS AS JLP CA
MN OL GT FB YSC JPB FP.

27.

28.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

41.

. Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, et al. (2007) 2007

Guidelines for the management of arterial hypertension: The Task Force for the
Management of Arterial Hypertension of the European Society of Hypertension
(ESH) and of the European Society of Cardiology (ESC). Eur Heart J 28: 1462—
1536.

. Legriel S, Azoulay E, Resche-Rigon M, Lemiale V, Mourvillier B, et al. (2010)

Functional outcome after convulsive status epilepticus. Crit Care Med 38: 2295~
2303.

5. Vaughan C]J, Delanty N (2000) Hypertensive emergencies. Lancet 356: 411—

417.

5. Le Gall JR, Lemeshow S, Saulnier F (1993) A new Simplified Acute Physiology

Score (SAPS II) based on a European/North American multicenter study.
JAMA 270: 2957-2963.

Le Gall JR, Klar J, Lemeshow S, Saulnier F, Alberti C, et al. (1996) The Logistic
Organ Dysfunction system. A new way to assess organ dysfunction in the
intensive care unit. ICU Scoring Group. JAMA 276: 802-810.

Jennett B, Teasdale G, Braakman R, Minderhoud J, Knill-Jones R (1976)
Predicting outcome in individual patients after severe head injury. Lancet 1:
1031-1034.

McKinney AM, Short J, Truwit CL, McKinney Z]J, Kozak OS, et al. (2007)
Posterior reversible encephalopathy syndrome: incidence of atypical regions of
involvement and imaging findings. AJR Am J Roentgenol 189: 904-912.
Casey SO, Sampaio RC, Michel E, Truwit CL (2000) Posterior reversible
encephalopathy syndrome: utility of fluid-attenuated inversion recovery MR
imaging in the detection of cortical and subcortical lesions. AJNR
Am J Neuroradiol 21: 1199-1206.

Servillo G, Bifulco F, De Robertis E, Piazza O, Striano P, et al. (2007) Posterior
reversible encephalopathy syndrome in intensive care medicine. Intensive Care
Med 33: 230-236.

Mueller-Mang C, Mang T, Pirker A, Klein K, Prchla C, et al. (2009) Posterior
reversible encephalopathy syndrome: do predisposing risk factors make a
difference in MRI appearance? Neuroradiology 51: 373-383.

Godoy DA, Di Napoli M, Rabinstein AA (2010) Treating hyperglycemia in
neurocritical patients: benefits and perils. Neurocrit Care 13: 425-438.

Capes SE, Hunt D, Malmberg K, Pathak P, Gerstein HC (2001) Stress
hyperglycemia and prognosis of stroke in nondiabetic and diabetic patients: a
systematic overview. Stroke 32: 2426-2432.

Garg R, Chaudhuri A, Munschauer F, Dandona P (2006) Hyperglycemia,
insulin, and acute ischemic stroke: a mechanistic justification for a trial of insulin
infusion therapy. Stroke 37: 267-273.

Fogelholm R, Murros K, Rissanen A, Avikainen S (2005) Admission blood
glucose and short term survival in primary intracerebral haemorrhage: a
population based study. J Neurol Neurosurg Psychiatry 76: 349-353.
Jeremitsky E, Omert LA, Dunham CM, Wilberger J, Rodriguez A (2005) The
impact of hyperglycemia on patients with severe brain injury. J Trauma 58: 47—
50.

Sala I, Menna G, Bricolo A, Young W (1999) Role of glycemia in acute spinal
cord injury. Data from a rat experimental model and clinical experience.
Ann N Y Acad Sci 890: 133-154.

Wilson JT, Pettigrew LE, Teasdale GM (1998) Structured interviews for the
Glasgow Outcome Scale and the extended Glasgow Outcome Scale: guidelines
for their use. J Neurotrauma 15: 573-585.

de Gans J, van de Beek D (2002) Dexamethasone in adults with bacterial
meningitis. N Engl J Med 347: 1549-1556.

Todd MM, Hindman BJ, Clarke WR, Torner JC (2005) Mild intraoperative
hypothermia during surgery for intracranial aneurysm. N Engl J Med 352: 135~
145.

September 2012 | Volume 7 | Issue 9 | e44534



