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Background: Posterior reversible encephalopathy syndrome (PRES) is an acute

neurotoxic syndrome that is characterized by a spectrum neurological and radiological

feature from various risk factors. Common neurological symptoms includes headache,

impairment in level of consciousness, seizures, visual disturbances, and focal

neurological deficits. Common triggering factors include blood pressure fluctuations,

renal failure, eclampsia, exposure to immunosuppressive or cytotoxic agents and

autoimmune disorders. The classic radiographic findings include bilateral subcortical

vasogenic edema predominantly affecting the parieto-occipital regions but atypical

features include involvement of other regions, cortical involvement, restricted diffusion,

hemorrhage, contrast enhancement. This review is aimed to summarize the updated

knowledge on the typical and atypical clinical and imaging features, prognostic markers

and identify gaps in literature for future research.

Methods: Systematic literature review using PUBMED search from 1990 to 2019 was

performed using terms PRES was performed.

Results: While clinical and radiographic reversibility is common, long-standing

morbidity and mortality can occur in severe forms. In patients with malignant forms

of PRES, aggressive care has markedly reduced mortality and improved functional

outcomes. Although seizures were common, epilepsy is rare. Various factors that have

been associated with poor outcome include altered sensorium, hypertensive etiology,

hyperglycemia, longer time to control the causative factor, elevated C reactive protein,

coagulopathy, extensive cerebral edema, and hemorrhage on imaging.

Conclusion: Large prospective studies that accurately predict factors that are

associated with poor outcomes, determine the pathophysiology, and targeted therapy

are required.

Keywords: posterior reversal encephalopathy syndrome, outcome, prognosis, seizures, management

INTRODUCTION

Posterior reversible encephalopathy syndrome (PRES) is a well-recognized entity characterized by
a combination of clinical and neuroimaging findings. It was initially described by Hinchey in 1996
and subsequently has subsequently gained increasing attention (1). Key elements that are essential
in its diagnosis include a combination of clinical features, radiological findings in the presence
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of various risk factors. Various neurological symptoms includes
headache, impairment in level of consciousness, seizures, visual
abnormalities, nausea, vomiting, and focal neurological deficits
(1). On neuroimaging, it is characterized by vasogenic edema
involving the cortical/subcortical regions which is bilateral
affecting the parietal and occipital regions, followed in frequency
by involvement of other regions (1–5). Its recognition has
improved markedly over the last few decades with increased
availability of magnetic resonance imaging (MRI) (6).

Common triggering factors of PRES include blood
pressure fluctuations, preeclampsia/eclampsia, renal failure,
cytotoxic agents, and autoimmune conditions (7, 8). Recently,
several etiologies and atypical features have being increasingly
recognized. Early recognition is crucial, as timely management
of its precipitating factor is required to achieve reversibility
(7). In severe cases, aggressive supportive care in the intensive
care unit (ICU) is required. Despite a common myth of its
benign course and reversibility in terms of both clinically and
radiological aspects, permanent brain damage, severe functional
impairments, and mortality have been reported (7, 9, 10). The
aim of this review is to provide an updated knowledge of the
clinical features and functional outcome in patients with PRES.

MATERIALS AND METHODS

Systematic literature review using PUBMED search from
1990 to 2019 was performed using terms posterior reversible
encephalopathy syndrome, hypertensive encephalopathy,
reversible posterior cerebral edema syndrome, clinical features,
imaging, prognosis, seizures, epilepsy, pathophysiology,
outcome. Articles in english, cases, case series, retrospective
studies, meta-analysis, reviews, book chapters related to PRES
were included. Articles were selected primarily based on the
relevance to the topic and the information it provided. Articles
related to both adults and pediatric PRES were included.
Articles that provided duplicate information were deleted.
Majority of studies were single center retrospective reports
ranging from small to large sample sizes. However, there is
paucity of data on its true incidence and prevalence in large
patient populations.

Epidemiology
Following its initial description in 1996, its recognition from
other etiologies has increased exponentially over the last decade.
These reports are in the form of case reports, case series, and large
retrospective studies from large institutions. It has been reported
in all age groups starting from infancy to older adults, but most
frequently affects the young or middle-aged adults (7, 11). It
appears to have a female predominance, even after exclusion of
patients with eclampsia (6, 8, 12). While the incidence of PRES
in the general population is unknown, its incidence in a selected
cohort of patients is available. The incidence of PRES in pediatric
population is 0.04% (13) and in pediatric intensive care unit is
0.4% (14). Among adults, it has been reported in 2.7–25% of
patients following bone marrow transplantation (15–17), 0.4%
following solid organ transplantation (18), 0.84% of patients with

end stage renal disease is 0.84% (19) and 0.69% of patients with
systemic lupus erythematosus (20).

Pathophysiology
Several theories have been proposed in the pathogenesis of PRES
(8, 21). They all lead to activation and injury of the endothelium,
activation of the immune system and release of cytokines (22).
The leading theory, is the “vasogenic theory,” that postulated
that rapidly developing hypertension with failure of cerebral
autoregulation causing breakdown of blood brain barrier and
secondary vasogenic edema. When the rise in blood pressure
is rapid and severe, the auto regulatory response is insufficient
resulting in hyperperfusion, and extravasation of plasma and
macromolecules. The relative lack of sympathetic innervation
in the posterior circulation is the likely mechanism for the
preferential involvement of the posterior part of the brain from
PRES. The hypertension hyperperfusion theory is supported by
the fact that prompt treatment of hypertension leads to rapid
clinical and radiological improvement (8). In a retrospective
study that compared the involvement of posterior circulation
exclusively by PRES from anterior circulation involvement
by PRES (either exclusive or in addition to the posterior
circulation) the mean blood pressure was higher in the latter
group (p < 0.01), which supports the vasogenic theory (23).
The density of the autonomic nervous system is higher in the
anterior circulation providing better control of autoregulation,
but an abrupt massive rise in blood pressures can make the
anterior circulation susceptible. However, this theory does not
explain the mechanism in patients with borderline hypertension
and normotensives. The “neuropeptide” theory has postulated
that release of potent vasoconstrictors, such as endothelin-1,
prostacyclin, and thromboxane A2 causes vasospasm, ischemia
and cerebral edema (24). To support this, both invasive and
non-invasive studies have demonstrated irregularities of the
cerebral vasculature and hypoperfusion on perfusion studies
(25). PRES has been observed in patients with normal blood
pressure, patients in the upper limit of autoregulation or did not
have blood pressure fluctuations and patients with hypotension
(8, 26). To support this, endothelial dysfunction from the
cytotoxic effects from infection, sepsis, chemotherapeutic agents,
and immunogenic effects from autoimmune disorders, immune
suppressive agents have been proposed. The “cytotoxic theory”
suggests that the primary insult is from endogenous stimulants
or exogenous toxins like chemotherapy or immunosuppressive
agents and the “immunogenic theory” has postulated that T-cell
activation and cytokine release causes endothelial dysfunction
and deranged autoregulatory response (21, 27). Recently,
activation of arginine vasopressin (AVP) axis by increase in
AVP secretion or AVP receptor density has been postulated
in the development of PRES (28). Activation of cerebral
AVP receptors (V1aR) leads to cerebral vasoconstriction,
endothelial dysfunction and cerebral ischemia and activation
of the peripheral (renal) receptors (V2R) may potentially
lead to the development of hypertension, renal impairment
and is responsible for the symptoms and complications of
PRES. In susceptible patients, pronounced fluctuations in blood
pressure rather than the absolute increase in blood pressure and
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TABLE 1 | Risk factors associated with posterior reversible encephalopathy

syndrome.

Preeclampsia, Eclampsia

Blood pressure fluctuations Hypertension, dysautonomia e.g., guillian barre

syndrome, post carotid endarterectomy with

reperfusion syndrome, induced

hypertension—treatment of vasospasm in

subarachnoid hemorrhage, drug

withdrawal—clonidine, triamterene, prazosin,

stimulant drugs—phenylpropanolamine, ephedrine,

pseudoephedrine, amphetamine, cocaine

Infection Sepsis, shock

Renal diseases Hemolytic uremic syndrome, acute

glomerulonephritis, acute and chronic renal failure,

parenchymal diseases, renal artery stenosis

Immunosuppressive drugs,

chemotherapeutic agents

Cyclosporin A, tacrolimus/FK-506, methotrexate,

sirolimus, interferon alpha, intravenous

immunoglobulin, cisplatin, vincristine, cytarabine,

gemcitabine, oxaliplatin, ipilimumab, bortezomib,

thalidomide, apatinib, rituximab, erythropoietin,

interleukin, antiretroviral therapy in HIV- indinavir,

ivabradine, granulocytic stimulating factor, tyrosine

kinase inhibitors—pazopanib, sorafenib, sunitinib,

high dose steroids (methylprednisolone), post solid

organ, or bone marrow transplantation, tumor lysis

syndrome

Autoimmune disorders Systemic lupus erythematosus, sjogren’s disease,

vasculitis, scleroderma, cryoglobulinemia,

polyarteritis nodosa, wegner’s granulomatosis,

behcet’s disease, hashimoto’s thyroiditis, primary

sclerosing cholangitis

Hematological disorders Thrombotic thrombocytopenic purpura,

henoch-schonlein purpura, leukemia and

lymphomas, sickle cell anemia, hemolytic uremic

syndrome

Endocrine disorders Pheochromocytoma, primary aldosteronism

Electrolyte disturbances Hypercalcemia, hypomagnesemia

Others Acute porphyria, blood transfusion, lithium

hypotension from sepsis may precede the occurrence of PRES. In
certain cases, several factors might be coexistent. For example in
patients with renal failure, it is unclear if renal dysfunction is an
independent factor or the comorbid hypertension, autoimmune
disease, or other systemic conditions are the culprit. Despite the
heterogeneity in its etiologies and proposed mechanisms, PRES
is a downstream effect that is characterized by a combination of
clinical and radiological features. It is important to differentiate
these features from other alternative conditions.

Risk Factors
PRES was initially observed in patients with hypertension
and subsequently recognized in the normotensive and septic
patients. Common risk factors associated with PRES include
abrupt elevations of blood pressure, impaired renal function,
preeclampsia/eclampsia, autoimmune diseases, infection,
transplantation, and chemotherapeutic agents. The extensive list
of risk factors associated with PRES is described in Table 1.

Clinical Features
The symptoms of PRES are often non-specific and manifest
acutely or subacutely over several hours or days (7).
However, continued progression over several weeks is
uncommon. Most of the literature related to PRES comes
from retrospective observational studies and the frequency of
these symptoms is dependent on the sample size evaluated and
the precipitating factors. The symptoms are highly non-specific,
with encephalopathy and seizures being the most common
symptoms followed by visual disturbances, headache, and focal
neurological deficits (8, 29).

Common Clinical Manifestations
Encephalopathy of varying grades has been reported in 28–94%
of patients with PRES (7–9). These range from mild confusion,
cognitive deficits, somnolence, stupor, and coma. It is one of the
major driving factors for admission to the intensive care unit
due to their risk of respiratory failure from worsening mental
status (30).

Seizures commonly occur early in the disease course, and are
observed in 74–87% of patients (7, 8). Various types of seizures
can occur in these patients. These include generalized tonic clonic
(54–64%), partial seizures (3–28%), and status epilepticus (3–
17%). The most common type is the generalized tonic-clonic
seizures (31–34). These typically occur within the first 24–48 h
of presentation (31, 32). It is not uncommon to have serial
seizures during the acute phase (32). On certain occasions, status
epilepticus may be the presenting symptom of PRES (35). In the
majority, seizures are terminated spontaneously or from use of
antiepileptic therapy. It is common to have provoked seizures
from recurrent PRES or other provoking factors around the
acute phase (31). Despite a high frequency of seizures during
the acute phase, the long-term risk of unprovoked seizures is
infrequent and epilepsy is rare (31). PRES related epilepsy has
been reported in 1–3.9% of patients (31, 36). Patients with
widespread involvement from PRES on imaging are more likely
to have a single seizure upon presentation but this does not
translate to worse outcomes (32). Several studies have revealed
lack of correlation between the imaging findings, grade of PRES,
the number of lobes affected from PRES, cortical involvement
and presence of hemorrhage with predilection of seizures (33,
34). There is lack of correlation between various EEG patterns
andMRI findings (32, 33). Recurrent seizures have been observed
in patients with atypical PRES (37). MRI in patients with long-
term PRES related epilepsy might be normal, have atrophic
changes or hippocampal sclerosis (33, 34, 36). Although half of
the patients have persistent abnormalities on follow up imaging,
recurrent seizures, and epilepsy is rare (34). The occurrence of
seizures during the acute phase has not been associated with
increased length of hospital stay, morbidity, mortality, or nursing
home placement upon discharge (31, 32, 34). It is possible that
the occurrence of seizures might have played a role in the prompt
identification of this diagnosis that translated to aggressive care
and improved outcomes.

Headache has been reported in 50% of patients (9). It is usually
dull, diffuse, and gradual in onset. A thunderclap headache in
the context of PRES should prompt us to evaluate associated
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for reversible cerebral vasoconstriction syndrome (RCVS) by
additional imaging studies. PRES is reported in 9% of RCVS cases
and conversely RCVS angiographic changes have been described
in PRES (38, 39).

Varying degrees of visual symptoms have been reported
in 39% of patients (7, 9). These include decreased visual
acuity, diplopia, visual field deficits, cortical blindness, color
vision abnormality, and visual hallucinations. Fundoscopic
examination is often unremarkable but papilledema with flame
shaped retinal hemorrhages and exudates have been observed in
the setting of hypertension.

Focal neurological deficits like aphasia, hemiparesis have been
observed in 19% of patients (9).

Uncommon Clinical Manifestations
In rare occasions, myelopathic symptoms and signs from
spinal cord involvement have been demonstrated (40).
Other uncommon presentations include abulia, agitation,
delusions, ophisthotonus, optic ataxia, ocular apraxia, and
simultagnosia (41–44).

Neurodiagnostics
Serology
Various serological abnormalities have been observed in patients
with PRES. Patients with PRES from deranged electrolytes
like hypomagnesemia, hypercalcemia, and renal failure have
abnormal electrolytes and renal function tests, respectively.
In patients with PRES from underlying malignancy and
preeclampsia, elevated lactate dehydrogenase levels (LDH) have
been reported, which supports endothelial dysfunction as the
possible mechanism (45). Elevated serum LDH levels have
correlated with larger and more diffuse lesions on imaging (p <

0.01) (46). Elevated C reactive protein (CRP) levels have been
associated with increased mortality in PRES patients (47). Low
serum albumin levels have been observed in 70% of patients (48,
49). Serum albumin levels may contribute to the development
of edema, but its correlation with the type of edema has been
inconsistent across various studies (48, 49).

Cerebrospinal Fluid
Cerebrospinal fluid (CSF) protein levels are elevated in 70% of
patients (50, 51). A direct correlation between elevated protein
levels with the extent and topographical distribution of cerebral
edema was observed (50, 51). However, CSF pleocytosis is rare
and its presence is a marker of infarction or hemorrhage (50, 51).

Electroencephalogram
Data on various electroencephalographic (EEG) patterns
primarily comes from several retrospective studies. In these
patients, EEG was obtained based on the clinical judgment of
the treating physician at variable time frames from symptom
onset. Common indications of EEG in these studies were
seizures and varying degrees of encephalopathy for exclusion of
non-convulsive status epilepticus (52). EEG can help identify
patients with ictal or epileptiform activity. Various EEG patterns
have been observed in patients with and without seizures
related to PRES (31, 33, 34). The most common pattern in

TABLE 2 | EEG findings in patients with PRES.

EEG in patients with seizures at presentations

Generalized slowing with or without focal slowing

Generalized slowing with additional EEG abnormalities—Epileptiform

discharges, Electrographic seizures, Periodic lateralized epileptiform discharges

Focal slowing with or without epileptiform discharge

Periodic lateralized epileptiform discharges

Electrographic status epilepticus

Normal

EEG in patients without seizures at presentation

Generalized slowing with or without additional focal slowing

Periodic lateralized epileptiform discharges

Focal sharp waves

Normal

EEG prior to discontinuation of antiepileptic drugs

Normal

Generalized slowing

Focal slowing

a patient with PRES related seizure was generalized slowing
followed by focal slowing, epileptiform discharges, periodic
lateralized epileptiform discharges, and normal patterns. There
is great variability between EEG findings and the development
of epilepsy (31, 33, 36). Focal findings on EEG are commonly
observed in patients with focal seizures (32). In a prospective
study, non-convulsive seizures were associated with the presence
of periodic discharges (p = 0.0002) (53). Both non-convulsive
seizures and periodic discharges are usually either lateralized
or bilateral independent and predominant in the posterior
head regions. However, there was lack of correlation between
non-convulsive seizures and periodic discharges with the clinical
presentation. Restricted diffusion involving the cortex on MRI
was frequent in patients with periodic discharges and non-
convulsive seizures group (p < 0.001). A high likelihood of poor
outcome in patients with non-convulsive seizures and periodic
discharges has been observed (p < 0.04). A brief overview of
various EEG patterns observed in patients with PRES is described
in Table 2.

Neuroimaging
Brain imaging is the cornerstone in confirming a diagnosis
of PRES. Although vasogenic edema can be visualized on
non-contrast computed tomography (CT) in some patients,
brain MRI, especially the T2-weighted and fluid attenuated
inversion recovery (FLAIR) sequences are much more sensitive
(6). Currently there is no gold standard diagnostic test. When
compared to T2 weighted images, FLAIR helps in detecting
cortical and a subcortical lesion related to PRES and is an
important sequence in establishing its diagnosis (54). Diffusion
weighted imaging combined with apparent diffusion coefficient
(ADC)mapping sequences are helpful in differentiating cytotoxic
from vasogenic edema and thus may aid in the differentiating
PRES form ischemic lesions (55, 56).

The classic imaging patterns usually reveals vasogenic edema
that involves the parieto-occipital regions, bilateral, subcortical,
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TABLE 3 | Imaging findings in patients with PRES.

Common features

Vasogenic cerebral edema

Parieto-occipital pattern

Holohemispherical watershed distribution

Frontal and temporal lobe involvement

Subcortical white matter

Bilateral, frequently symmetric pattern

Hyperintense T2 weighted and FLAIR sequences

Isointense, hypointense, or hyperintense lesions on DWI

Increased ADC values reflective of vasogenic cerebral edema

Uncommon

Brainstem (Central) variant

Unilateral PRES

Contrast enhancement

Microhemorrhages

Intracerebral hemorrhages

Sulcal SAH

Decreased ADC values indicative of ischemia

Grades of cerebral edema

Mild

Moderate

Severe

and symmetrical in appearance. Various patterns have been
described in literature (Table 3). These include: parietooccipital
pattern, holohemispherical watershed pattern, and superior
frontal sulcus pattern (6, 57). Occasionally, the edema may have
a central-variant (brainstem) pattern that affects the brainstem,
basal ganglia, posterior limb of internal capsule, cerebellum,
periventricular regions, and lacks cortical and subcortical
involvement (58). Cerebral edema in these patients has been
classified into different grades as mild, moderate, and severe
(59). Mild PRES was defined as cortical or subcortical white
matter edema without hemorrhage, mass effect, herniation, and
minimal involvement of one of the group—cerebellum, brain
stem, or basal ganglia. Moderate PRES was defined as confluent
edema extending from cortex to deep white matter without
extension to the ventricular margin or mild involvement of
two of the group—cerebellum, brainstem, or basal ganglia. Mild
mass effect but no herniation or midline shift, presence of
parenchymal hemorrhage was classified as moderate. Severe
PRES was defined as confluent edema extending from the cortex
to the ventricle, edema, or hemorrhage causing midline shift or
herniation or involvement of three of the group—cerebellum,
brainstem, or basal ganglia. Patients with worsening degree of
cerebral edema have worse outcomes (60). Atypical findings
include unilateral involvement, restricted diffusion, intracerebral
hemorrhage, microhemorrhages, and contrast enhancement
(59). Lesions may be asymmetric in about 50% of cases and
unilateral in rare occasions (8, 61). Small areas of restricted
diffusion compared to the large areas of vasogenic edema are
seen in 30% of patients (12). The presence of restricted diffusion
may be associated with incomplete recovery (62). Varying degrees
of PRES related hemorrhage have been observed in 10–30%
of cases (12, 63). These range from minute focal hemorrhage
(<5mm), sulcal SAH, focal hematoma and microhemorrhages

on susceptibility-weighted imaging (SWI) (63). The greatest
frequency of hemorrhage was seen in patients after allo-BMT
and in patients with coagulopathy (12, 63). The correlation
between hemorrhage and the severity of edema has been
inconsistent across studies (12, 59). Susceptibility weighted
imaging sequence helps in differentiating frank hemorrhage
from microhemorrhage that has been observed in certain
cases of PRES, however its clinical relevance in patients with
PRES is unknown (64). About 40% of patients have contrast
enhancement on T1-weighted imaging, the most common being
leptomeningeal and leptomemnigeal plus cortical (59, 60). There
was no correlation between contrast enhancement with age,
imaging severity, and outcome (60). On cerebral angiography or
MR angiography studies, moderate to severe vessel irregularity
suggestive of vasoconstriction and vasodilation is seen in more
than 80% of patients (25). On follow up there is reversal of
spasm in the majority with residual spasm in a few patients
(65). Magnetic venograms are normal in these patients. On MR
spectroscopy, the N-acetylaspartamine (NAA)/creatine (Cr), and
NAA/choline-containing compounds (Cho) were significantly
lower than healthy controls at initial presentation and on 2 weeks
follow up and may assist in differentiating cerebral edema from
ischemia (65, 66). MR Perfusion and single-photon emission CT
(SPECT), technetium Tc99m-hexamethylpropyleneamine oxime
(Tc99m-HM-PAO) have demonstrated decreased cerebral blood
flow from hypoperfusion in the majority (67). However, in
certain cases, hyperperfusionmay be observed early in the disease
course (67).

Diagnosis
The spectrum of clinical features, vasogenic cerebral edema and
various risk factors are crucial in making a diagnosis of PRES
(8). It has a fairly rapid onset and may have a stuttering course.
More than 90% of patients have typical radiological and clinical
features (27). In a retrospective study, seizures, encephalopathy,
visual disturbances, hypertension, renal failure, chemotherapy
were the best clinical predictors of PRES, while headache,
immunosuppression, and autoimmune disorders were not useful
in making a clinical diagnosis of PRES (68). Brain imaging
in the context of clinical features to exclude other diagnostic
condition is crucial in making an accurate diagnosis. About
95% of patients have cortical-subcortical appearance of vasogenic
edema, irrespective of small foci of cytotoxic edema on diffusion
weighted imaging, contrast enhancing foci or microhemorrhages
(6, 8, 59). More than 95% have involvement of the parieto-
occipital region and high precentral/posterior frontal region that
is disproportionate to the rest of the brain (59, 67). Recently
the PRES early warning scoring (PEWS) scale which consisted
of (1) risk factors, (2) clinical features and (3) EEG features has
improved the prediction of PRES early in suspected cases, with a
high index of suspicion in patients with a score of 10 points or
higher (65, 69).

Differential Diagnosis
Differentiating atypical features of PRES like central
PRES, hemorrhagic PRES from other causes like toxic
leucoencephalopathy, meningoencephalitis, central/extra
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pontine myelinolysis, lupus cerebritis, malignancy, hypoxic
ischemic encephalopathy requires a thorough review of risk
factors, additional testing and follow up imaging (58, 70). In acute
ischemic stroke, decreased ADC points toward cytotoxic edema
from stroke than PRES. In central/extra pontine myelinolysis
the ADC is raised and the rapid correction of electrolyte
abnormalities should assist in making its diagnosis. Besides,
there is enhancement in the subacute phase on follow up post
contrast MRI. Differentiating tumor from PRES is based on time
frame of symptom involvement and lack of resolution on follow
up imaging. Gliomatosis cerebri is isointense or hypointense
on T1-weighted image and hyperintense on T2-weighted image
and on MR spectroscopy there is elevated choline/NAA peak.
Hypoxic ischemic encephalopathy can be differentiated by the
history, gyriform pattern of restricted diffusion predominantly
involving the cortex and lack of resolution on follow up imaging.
Infectious encephalitis especially rhombencephalitis may be
made by clinical history and clinical examination. Reversible
cerebral vasoconstriction syndrome may be differentiated by
classic thunderclap headache in the presence of known triggers
and vasoconstriction of the vessels. In certain cases, this may
coexist with PRES. Acute hepatic encephalopathy is differentiated
by the history of chronic liver disease, hyperintensity on FLAIR
with possibly restricted diffusion in both thalami, posterior limb
of internal capsule and periventricular white matter.

Management
Management is primarily supportive and guided by expert
consensus. Prompt recognition is the key as timely removal of the
precipitating factor is important to achieve favorable outcomes
(1, 7). Currently there are no randomized trials on various
interventions have been conducted in these patients. About 70%
of patients require ICU care for aggressive management of their
symptoms (30). Common indications for transfer to the ICU
include encephalopathy, seizures, and status epilepticus (30). The
following steps should be performed (1, 52):

1. Removal or reduction of the triggering factor (withdrawal
of cancer chemotherapy or immunosuppressive agents).
In patients with PRES related to cancer chemotherapy
or immunosuppressive agents, long term management of
immunosuppressive agents and chemotherapy remains a
challenging issue and should be individualized.

2. Supportive care with hydration, correction of
electrolyte disturbances.

3. Monitoring of airway and ventilation. Intubation may be
required in patients with altered mental status.

4. In pregnant women, prompt delivery should be considered.
5. In patients with renal failure, prompt dialysis should

be performed.
6. In patients with acute hypertension, gradual reduction

of blood pressure should be performed (no more than
20–25% in the first few hours) to avoid the risk of
cerebral, coronary, and renal ischemia (71). The goal is to
maintain mean arterial pressure between 105 and 125mm
Hg. Intravenous agents are preferred to avoid fluctuations
of blood pressure and the choice of agents is left to

the discretion of the physician. Continuous infusions are
frequently required to avoid fluctuations of blood pressure
and achieve the goal blood pressure. First line agents include
nicardipine, labetalol, nimodipine, and second line agents
include sodium nitroprusside, hydralazine, and diazoxide.
Avoid angiotensin converting enzyme inhibitors in pregnant
women. Fenoldopammesylate, a selective dopamine 1 agonist
that produces renal vasodilation may improve the renal
oxygen supply/demand ratio and prevent renal failure. In
patients subarachnoid hemorrhage with PRES from induced
hypertension for vasospasm gradual reduction of blood
pressure is crucial for neurological improvement (61).

Treatment of status epilepticus

1. Intravenous anticonvulsants (first line with diazepam, second
line with forphenytoin, phenobarbital.

2. In refractory cases propofol, pentobarbital, midazolam may
be used.

3. Continuous EEG monitoring may be considered.
4. In pregnant women, magnesium sulfate is indicated to prevent

seizures. It has cerebral vasodilatory effects and reduces blood
vessel permeability.

Although seizures are common long-term data on risk of
recurrent seizures and epilepsy is limited due to lack of large
population based studies. Currently, there are no standard
guidelines for management of PRES related seizures and
treatment with antiepileptic agents must be made based on
individual basis. Antiepileptic drugs are frequently prescribed
to patients with seizures. As epilepsy is rare long-term
antiepileptic medications are not warranted in majority of
these patients. There is often a dilemma on the optimal
duration of antiepileptics. The most common antiepileptics that
have been used during hospitalization include benzodiazepines,
levetiracetam and phenytoin and upon discharge levetiracetam
and phenytoin, with majority of them on a single agent. Since
seizures are uncommon out of the acute phase, antiepileptic
agents may be quickly tapered. In a single center study, the
median duration of antiepileptic agents was 3 months (IQR
2–7 months). The overall prognosis of both generalized and
focal seizures in PRES is benign. Besides, not all patients
with seizures have been treated with antiepileptic agents and
none of these patients developed recurrent seizures (31, 32).
It is unclear if antiepileptic agents play a role on the risk of
subsequent seizures and epilepsy in these patients. If antiepileptic
agents are started, discontinuation following resolution of PRES
should be considered, once there is adequate control of risk
factors, and absence of factors that might substantially lower the
seizure threshold.

Complications
Recurrent PRES
Recurrent PRES has been observed in 4% of patients in
retrospective studies (72). It is not uncommon for patients to
have recurrent episodes of PRES from recurrence of risk factors
like sickle cell crisis, autoimmune conditions, hypertensive crisis,
renal failure, and multiorgan failure.
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Malignant PRES
The term malignant PRES has been defined based on clinical
criteria (Glasgow Coma Score <8 and clinical decline despite
standard medical management for elevated intracranial pressure)
and radiological criteria (edema with mass effect, intracerebral
hemorrhage exerting mass effect, effacement of basal cisterns,
transtentorial, tonsillar, or uncal herniation) (73).

Management of malignant PRES requires aggressive
supportive care. In a case series, besides routine care like
mechanical ventilation, transfusion of blood products for
reversal of coagulopathy, steroids for autoimmune disorders,
intracranial pressure monitoring is required in patients with GCS
of ≤8 (73). Various interventions that have been undertaken
in patients with raised ICP include osmotherapy, draining of
cerebrospinal fluid by external ventricular drain, craniectomy
and evacuation of hematoma. Due to aggressive care, no fatalities
were observed in patients with severe or hemorrhagic PRES
variants compared to historic reports of 16–29% (63, 74). All
patients achieved favorable functional outcomes based on the
mRS (modified Rankin Score of 1–2) on long term follow
up (73).

In patients with acute obstructive hydrocephalus, an
external ventricular drain placement may be required for
management (75).

Prognosis
Although PRES was initially described as a benign entity
that was reversible with a good outcome, mortality has been
observed in 19% of patients and functional impairments of
varying degree have been reported in 44% of patients (9, 10).
Certain deficits that require long-term care include epilepsy and
motor deficits.

PRES is an acute neurotoxic syndrome and the prognosis
is highly dependent on the etiological factor. Studies have
reported that patients with preeclampsia-eclampsia have less
severe cerebral edema, hemorrhage, contrast enhancement
with a tendency for complete resolution on imaging and good
functional outcome (10, 29). A recent systemic review and
meta-analysis which included 448 PRES patients showed
good outcomes in patients with PRES related to pre-
eclampsia/eclampsia (p < 0.00001) (76). Other factors that
have been associated with poor outcome include severe
encephalopathy, hypertensive etiology, hyperglycemia,
neoplastic etiology, longer time to control the causative
factor, the presence of multiple comorbidities, elevated CRP, low
CSF glucose, and coagulopathy (9, 10, 47, 77). Residual structural
lesions have been observed in 40% of cases on follow up

imaging (12). Various imaging features that are associated with
poor outcome include corpus callosum involvement, extensive
cerebral edema or worsening imaging severity, hemorrhage,
subarachnoid hemorrhage, and restrictive diffusion on imaging
(47, 60, 76–78). The type, location and severity of hemorrhage
that is associated with poor outcome are inconsistent across
various studies (47, 76, 79). While small hemorrhages do not
have an impact on outcome, multiple or massive hemorrhages
might be associated with poor outcome. Several studies have
demonstrated correlation between the degree of hypertension
with clinical outcome and severity of edema on imaging.
Interestingly, while the severity of edema on MRI correlated
with clinical outcomes, the presence or patterns of gadolinium
based contrast enhancement did not correlate with functional
outcomes (60). To summarize, although there are several
associations, identifying a single predictor of outcome has been
challenging in these patients.

FUTURE DIRECTIONS

Recent data from animal studies have demonstrated blood brain
barrier disruption as a possible mechanism for development of
vasogenic cerebral edema from acute hypertension and thus may
be a target of future intervention (80). Besides, based on the
recent AVP theory, suppression of AVP the use of vaptans might
play a role in the treatment of PRES. Currently, there is paucity
of data on its clinical implications in PRES.

CONCLUSION

Currently, the available data on outcomes are from single
institutions with paucity of data from long-term epidemiological
studies. Its heterogeneous nature limits its ability to generalize.
PRES has a favorable prognosis in general, but fatalities
can occur. A standardized algorithm that incorporates the
clinical, etiological, serological markers, imaging features with
various comorbidities and will assist in future studies. Various
pathophysiological mechanisms need to be explored at bench
side to determine reliable laboratory and imaging markers
and therapeutic interventions in order to improve functional
outcomes are warranted.
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