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Abstract Posterior reversible encephalopathy syndrome
(PRES) has been described as a neurological condition
observed in a variety of clinical settings and is characterized
by focal neurological deficits, seizures, headaches, altered
mental status, and visual impairment, associated with tran-
sient typical lesions on neuroimaging, predominantly in the
posterior part of the brain. The most common risk factors
for PRES are hypertension, renal diseases, and the use of
calcineurin inhibitors. The incidence of PRES in children
with renal disorders varies between 4 and 9%, according to
different reports. Vasogenic cerebral edema is considered the
major pathophysiological mechanism of PRES. There are
two main theories regarding the genesis of this edema: (1)
hyperperfusion, due to autoregulatory failure of the cerebral
vasculature, and (2) hypoperfusion, due to vasoconstriction
of the cerebral arteries. In addition, PRES might also be the
result of a systemic inflammatory state causing endothelial
dysfunction. The management of PRES includes BP con-
trol, treatment of seizures, and removal of or reduction in
calcineurin inhibitors. Intravenous administration of anti-
hypertensive therapy is preferred, and various drugs have
been used in this regard, including nicardipine, labetalol,
sodium nitroprusside, and hydralazine. The prognosis of
PRES is usually benign, except for rare cases with intracra-
nial hemorrhage.
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Introduction

Posterior reversible encephalopathy syndrome (PRES) has
been first described by Hinchey et al. [1] as a neurological
condition observed in a variety of clinical settings and is
characterized by seizures, headaches, altered mental status,
and visual impairment, associated with transient typical
lesions on neuroimaging, predominantly in the posterior part
of the brain. Renal patients are at particular risk of PRES,
because of the frequent association of kidney diseases with
hypertension. The incidence of PRES in children with renal
disorders varies between 4 and 9%, according to different
reports [2—6]. However, this incidence might be underesti-
mated, because some patients may develop PRES without
seizures [4, 5].

Terminology

“Reversible posterior leukoencephalopathy syndrome” was
the original term used for this clinico-radiological entity,
as described in patients with renal insufficiency, hyperten-
sion, or under immunosuppressive therapy. This terminology
intended to emphasize the reversible nature and the limited
distribution of the brain lesions. However, this term is inac-
curate, because morphological abnormalities of PRES are
not strictly confined to the white matter, and they are not
always reversible [7, 8]. Several other terms have been sub-
sequently advocated, such as “posterior reversible enceph-
alopathy syndrome” [9], “immunosuppressive-associated
leukoencephalopathy” [10], “hyperperfusion encephalopa-
thies” [11], “reversible posterior cerebral edema syndrome”
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[12], or “reversible occipito-parietal encephalopathy” [13].
Although there is still some debate about its accuracy, PRES
is currently the most widely accepted [4].

Etiopathogenesis

Most of the PRES reported cases in children are second-
ary to immunosuppressive therapy used in hemato-onco-
logical diseases, such as aplastic anemia, acute leukemias,
thalassemia, non-Hodgkin lymphoma, lymphohistiocytosis,
autoimmune lymphoproliferative syndrome, and Evans syn-
drome [14—16]. There are also case reports of PRES associ-
ated with Henoch—Schonlein purpura [17], systemic lupus
erythematosus [18], Guillain—Barré syndrome, and preec-
lampsia [11]. PRES in children with various kidney diseases
was reported in several studies [4, 6, 19-25].

Vasogenic cerebral edema is considered the major patho-
physiological event in PRES. There are two main theories
regarding the genesis of this vasogenic edema: (1) hyperper-
fusion due to autoregulatory failure of the cerebral vascu-
lature and (2) hypoperfusion due to vasoconstriction of the
cerebral arteries (which has been proved in positron emis-
sion tomography studies). These mechanisms may coexist
or occur alternatively [1, 4, 11, 26].

The most popular theory is that severe hypertension
causes a breakdown in the autoregulation of the cerebral cir-
culation. The cerebral blood flow is usually regulated by dil-
atation or constriction of vessels to maintain adequate tissue
perfusion and to simultaneously avoid excessive intracer-
ebral hypertension. Autoregulation breakdown occurs above
a mean arterial blood pressure (BP) of 150—-160 mmHg; in
chronic hypertension, it occurs at higher BP. Uncontrolled
hypertension leads to hyperperfusion and cerebral vessel
damage, resulting in interstitial extravasation of proteins and
fluids, causing vasogenic edema. Irreversible damage is seen
at a mean BP above 200 mmHg [26]. Conditions commonly
associated with PRES, such as chronic hypertension, are
known to reduce the effectiveness of vascular autoregula-
tion. However, this theory does not explain why BP in PRES
does not usually exceed the upper limit of autoregulation,
why PRES may also occur in the absence of hypertension,
and why the extent of cerebral edema is not directly related
to the severity of hypertension [27-29].

According to the second theory, hypertension causes acti-
vation of the autoregulatory system, which results in vaso-
constriction of the brain vessels, with subsequent hypoperfu-
sion, ischemia, and fluid leakage [4].

The preferential involvement in the posterior cerebral
circulation has been postulated to be due to a sympathetic
innervation (which protects the brain from sudden increases
in BP) relatively less developed in the arterioles supplied by
the vertebro-basilar system than in the anterior circulation
[29].
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However, PRES can develop even in the absence of
hypertension [13, 26]. Another theory suggests that PRES is
the result of a systemic inflammatory state causing endothe-
lial dysfunction. This theory is supported by the observation
that PRES is often associated with inflammatory conditions
like autoimmune diseases, sepsis, eclampsia, and renal trans-
plantation [26]. When BP is high, the vasoconstriction that
occurs by autoregulation could exacerbate inflammatory
endothelial dysfunction, causing hypoxia, and subsequent
vasogenic edema. This would explain why the control of
hypertension favors the recovery of PRES [28, 30]. Cal-
cineurin inhibitors are known to injure the vascular endothe-
lium, damage endothelial cells of the cerebral arteries, and
subsequently cause a release of vasoactive agents that may
induce vasogenic edema [10, 31, 32].

Risk factors

Vasogenic edema, as the common underlying mechanism of
PRES, can be associated with several risk factors, includ-
ing hypertension, use of calcineurin inhibitors, and renal
diseases.

Acute hypertension results in vasoconstriction, fol-
lowed by vasodilatation, increased vascular permeability,
blood-brain barrier dysfunction, and cerebral edema. Hyper-
tensive crisis is probably the most common risk factor for
PRES, and the re-occurence of the initial insult or a new
trigger may cause the recurrence of PRES. Many patients
with PRES caused by acute hypertension showed clinical
resolution after BP reduction and recurrence of PRES after
new hypertensive attacks [1, 2, 5, 11].

Yamanda et al. [2, 5] found no correlation between the
duration or severity of hypertension and the neurological
symptoms and neuroimaging findings in PRES patients, sug-
gesting that acute rise in BP, rather than duration or severity
of hypertension, is the trigger factor of PRES. Discrepancies
between the severity of the lesions and that of hypertension
have been reported in other studies as well [34, 35].

It has also been suggested that children are prone to
develop PRES at lower BP levels than adults, probably
because the BP threshold of cerebral blood flow autoregu-
lation is lower in children as compared to adults [36].

The use of calcineurin inhibitors, cyclosporine and tac-
rolimus, has been demonstrated as an important predispos-
ing factor for the development of PRES in patients with
kidney disease [4, 10, 25, 34, 37, 38]. Although high blood
concentrations of calcineurin inhibitors may increase the
risk, some patients develop PRES within the therapeutic
range of these concentrations. The relationship between the
trough level of cyclosporine and the development of PRES
remains controversial. In Ishikura’s case series [39], patients
with cyclosporine trough levels <80 ng/ml developed PRES.
Other studies demonstrated that immunosuppressive and
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cytotoxic drugs may induce and exacerbate hypertension
and may lower the seizure threshold [33, 41]. However,
most of the liver transplant patients do not develop PRES
even with very high trough levels of calcineurin inhibitors
[39, 40]. Thus, it is impossible to define a trough level of
serum cyclosporine that is absolutely safe. Instead, other
concurrent risk factors for PRES need to be considered and
searched for.

Since steroids can also induce PRES [6] and hypertension
[42], the combination of steroids and calcineurin inhibitors
can increase the risk of PRES.

Other immunosuppressant agents, such as rapamycin,
have also been reported to induce PRES in adult kidney
transplant recipients [43].

Nephrotic syndrome (NS) is a condition that may predis-
pose to the development of PRES. Patients with NS are at
risk of PRES because they often receive calcineurin inhibi-
tors and steroids and they often have hypertension and/or
renal insufficiency. However, even mild hypertension may
be detrimental in NS patients treated with cyclosporine.
Furthermore, in NS vasogenic edema could be induced by
decreased intravascular oncotic pressure, increased perme-
ability of intracerebral capillaries, and fluid overload [39]. T
cell activation and inflammatory cytokine production have
been suggested as additional predisposing factors for PRES
in children with NS, particularly during relapses [4, 6, 23].

Other kidney diseases in children that may predispose to
the development of PRES include acute glomerulonephritis
[24, 44], hemolytic uremic syndrome [45], lupus nephritis
[46, 47], Wegener’s granulomatosis [25], Henoch—Schonlein
purpura nephritis [48], renal insufficiency or end-stage renal
disease (ESRD) [6, 39], renal artery stenosis [49], and grade
IV vesico-ureteric reflux [23, 50]. In the setting of ESRD,
both the rise in BP and uremia itself may serve as triggers
for PRES [51].

Yamanda et al. [2] found that younger PRES patients
were more predisposed to recurrent seizures. This is con-
sistent with previous studies in pediatric renal transplant
recipients [52]. An experimental study suggested that expo-
sure to calcineurin inhibitors at a very young age results in
severe neurotoxicity, due to a more permeable blood—brain
barrier [53]. Thus, cytokines involved in the PRES process
may more readily cross the blood—brain barrier in younger
children. Autoregulatory response improves with increasing
age and brain maturation, whereas immature brain is more
susceptible to vasoconstriction during hypertension. These
factors may be responsible for recurrent seizures in younger
PRES patients [32, 54].

It has also been noticed that PRES developed more often
in boys than in girls [20, 33, 39, 41, 55]. In adult series,
females were affected more frequently than males, even
when eclampsia cases were excluded [1, 7, 56]. On the
other hand, severe neurological symptoms (e.g., recurrent

seizures) are also more common in female patients [2]. This
may be explained by the fact that girls have fewer interneu-
ronal connections and higher diffusivity in the parieto-occip-
ital regions than boys [57].

Hypomagnesemia, hypocholesterolemia, hypercalce-
mia, aluminum overload, high-dose methylprednisolone,
acute hepatic failure, nonsteroidal anti-inflammatory drugs,
blood transfusions, erythropoietin therapy, human immuno-
deficiency virus infection, and intravenous gamma globulin
therapy might also act as contributory factors in the etiology
of PRES [12, 17, 58].

Clinical manifestations

There are no consensual guidelines for validation of PRES
diagnosis [15, 33]. Seizures are the most common clinical
manifestation of PRES the majority presenting as general-
ized tonic—clonic seizures. They usually occur at the onset of
PRES, but can also develop later in the course of the disease
[41]. Other frequent symptoms include altered conscious-
ness, coma, stupor, lethargy, confusion, severe headache,
nausea/vomiting, or vision impairment. Ophthalmological
symptoms are quite specific and may include visual blurring,
hemianopsia, scotomas, visual hallucinations, and cortical
blindness [4, 17]. Development of Anton’s syndrome (denial
of visual loss) has also been reported [1]. Focal neurological
deficit is an uncommon abnormality in PRES [18].

Most of these symptoms usually develop abruptly and
resolve within a few weeks, with proper management.
Although the reversible nature of the symptoms is charac-
teristic of PRES, permanent neurological damage may occur,
in the absence of early recognition and treatment. It is also
possible that, due to structural and developmental differ-
ences between children’s central nervous system and that of
adults, PRES may be more aggressive in children [5].

Neuroimaging

The diagnostic of PRES is mainly based on magnetic reso-
nance imaging (MRI), which is currently considered the
gold standard in this regard [4, 39].

Conventional cranial computed tomography (CT) has
been widely used, showing PRES lesions as low-density
areas. The advantages of CT reside in its ability to detect
intracranial hemorrhage and in its applicability in severely
ill patients [59]. However, it has limited sensitivity for the
detection of PRES, particularly in the acute phase [10].

Classical MRI typically shows edema involving the
white matter in the posterior portions of the cerebral hemi-
spheres, usually bilateral, in the parieto-occipital regions,
which are the most commonly affected [1] (Figs. 1, 2).
T2-weighted images and fluid-attenuated inversion recov-
ery (FLAIR) images have been frequently employed [7],
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Fig. 2 MRI diffusion and FLAIR: cortical hyperintensity in the parietal superior gyrus—white matter injury

with both of the sequences showing lesions as hyperinten- Although PRES commonly involves the parietal-occipital
sities. For detection of subtle peripheral lesions, FLAIR is  region, three different imaging patterns have been described.
superior to conventional MRI techniques, as this sequence  The first is the holo-hemispheric watershed pattern, with a
suppresses the signal of the adjacent cerebrospinal fluid  linear involvement in the frontal, parietal, and occipital lobes
and can, therefore, render the lesions of PRES more con-  predominantly, along a watershed distribution. The second
spicuous [9, 60]. is the superior frontal sulcus pattern, with predominant
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involvement in the frontal lobes, and the third was the dom-
inant parietal-occipital pattern, in which the typical pre-
dominance of lesions in the posterior lobes is seen [26, 32].
Asymmetrical and/or partial manifestations of these three
primary patterns were also described [26, 32]. Atypical sites
of involvement include the brain stem, cerebellum, basal
ganglia, thalami, internal capsule, and splenium of corpus
callosum [8, 26, 51, 61].

The “diffusion-weighted imaging” (DWI) with quantifi-
cation by “apparent diffusion coefficient” (ADC) mapping
may provide more accurate and specific images [4, 7, 59].
DWI and ADC denote small movements of water mol-
ecules, known as Brownian motion. Taken together, DWI
and ADC mapping can differentiate between PRES and cer-
ebral infarction, as well as predict the outcome of PRES,
by detecting severe or advanced lesions that can result in
irreversible damage [62]. A useful approach is to first detect
the lesions by DWI and then evaluate the diffusion state by
ADC mapping. Several authors strongly advocate the use of
DWI and ADC maps for accurate diagnosis and prediction
of PRES outcomes [5, 63].

DWI usually demonstrates hypo- to isointense areas,
which suggest increased water diffusion due to vasogenic
edema. In contrast, high intensities on DWI were seen when
cytotoxic edema was present [9, 17]. DWI and ADC have
been found to be also helpful in differentiating atypical
presentations of PRES from conditions like central pontine/
extrapontine myelinolysis, non-hemorrhagic infarcts, and
hypoglycemic or hypoxic encephalopathy. Due to vasogenic
edema in PRES, ADC shows increased values with slightly
increased signal intensity on DWI, whereas the other con-
ditions show reduced ADC values due to cytotoxic edema
[64, 65].

Magnetic resonance angiography, MR spectroscopy, and
MR perfusion scans are rarely performed in patients with
PRES [59, 66], and the experience with these methods in
the pediatric population is limited. Proton MR spectroscopy
studies showed that PRES causes diffuse metabolic abnor-
malities in the brain, even with normal MRI findings [67].

Angiography in PRES demonstrates reversible focal and
diffuse abnormalities, which are thought to reflect endothe-
lial dysfunction [65]. MR angiography has shown moderate-
to-severe vessel irregularity, consistent with vasoconstriction
and vasodilation, in the majority of the patients, and MR
perfusion imaging has shown significantly reduced rela-
tive cerebral blood volume in one case series [68]. These
might be interesting approaches to explore the mechanism of
PRES, but are not readily applicable in clinical practice [4].

Other investigations

Other investigations do not usually provide specific infor-
mation. Electroencephalography occasionally shows

non-specific slow waves and spikes [69] and is only valuable
for evaluating seizure activity and for ruling out subclinical
status epilepticus [66]. Cerebrospinal fluid examination is
only useful for ruling out infective or inflammatory diseases

[4].

Differential diagnosis

The clinical manifestations and neuroradiological findings
are typical for PRES, regardless of its etiology [4]. The dif-
ferential diagnosis must mainly rule out cerebral infarction
and venous thrombosis.

Progressive multiple leukoencephalopathy (PML) is an
opportunistic infection of the brain caused by the JC virus,
with variable clinical presentation and lethal outcome. To
exclude PML, a search for JC virus DNA in the cerebro-
spinal fluid is required. The increased use of strong immu-
nosuppressive medication in kidney transplantation and in
the treatment of autoimmune diseases, including calcineu-
rin inhibitors, mycophenolate mofetil, and rituximab, is
likely to result in increased incidence of PML. Sometimes,
T2-weighted and FLAIR images of PML mimic those of
PRES, and DWI findings of patients with PML differ in
asynchronous lesions and are dependent on their stage [70,
71].

Pseudotumor cerebri, an idiopathic condition of elevated
intracranial pressure lesion, shows similar symptoms,
including headache, nausea, and visual disturbance [72].
It can be distinguished from PRES by using normal cra-
nial MRI. Furthermore, PRES has not been associated with
elevated intracranial pressure [4].

Other differential diagnoses of PRES include acute dis-
seminated encephalomyelitis, infectious encephalitis, and
meningitis. Particularly, herpes simplex encephalitis should
be considered and, when suspected, rapid treatment with
intravenous acyclovir and antibiotics may be lifesaving,
while the diagnostic workup is still being pursued [4, 30].

Venous sinus thrombosis and subdural, intracerebral, or
subarachnoid hemorrhage can all present with headache, sei-
zures, reduced consciousness, and focal neurological signs.

It is important to also consider the diagnosis of posterior
circulation stroke, because its treatment (which may include
urgent thrombolysis) and prognosis both differ from those
of PRES. Basilar artery thrombosis can present with pro-
gressive neurological deficits and can result in tetraparesis,
coma, or locked-in syndrome [30].

Central nervous system vasculitis can present with symp-
toms similar to those of PRES, but the MRI findings are usu-
ally more diffuse, and many of the clinical and imaging fea-
tures are irreversible. The diagnosis may be difficult because
systemic signs of inflammation are often absent [27, 32]
and rapid treatment is vital to prevent further complications.
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Autoimmune encephalitis and metabolic encephalopa-
thies (including central pontine myelinolysis), uremia, or
drug toxicity (e.g., with cyclosporine) can also have similar
symptoms [30].

Other differential diagnoses of PRES may include intrac-
ranial progressive multifocal leukoencephalopathy and
X-linked adrenoleukodystrophy [73, 74].

Treatment

The management of PRES includes control of BP, treatment
of seizures, and removal of or reduction in all possible caus-
ative factors [11, 66]. After ruling out cerebral infarction, BP
should be lowered to near the 99th %o level for the patient’s
age and sex. The mean BP should be reduced by 25% within
the first hour, followed by a much slower reduction thereafter
[66]. Intravenous administration of antihypertensive therapy
is preferred, and various drugs have been used, including
nicardipine, labetalol, sodium nitroprusside, and hydralazine
[9]. Nicardipine is very effective in rapid lowering of BP.
The infusion rate of this agent should start at 0.5 pg/kg/min
and can be increased up to 5 pg/kg/min.

Seizures may progress to status epilepticus and should
be treated with intravenous anticonvulsants. Diazepam and
lorazepam are often used as the first-line agents, with phe-
nytoin and phenobarbital as the second line. Midazolam is
also a useful treatment [4].

Elimination of other predisposing factors must be consid-
ered. Discontinuation of calcineurin inhibitors and avoiding
their re-administration after an episode of PRES are issues
of controversy [4]. One particularly controversial issue con-
cerns the recipients of organ transplants, as the withdrawal
of such drugs can cause acute graft rejection. Dose reduc-
tion has resulted in good outcomes in some case series [59,
75], while others prefer complete withdrawal, at least for a
certain period [66].

Correction of fluid overload and/or electrolyte distur-
bances is required, if necessary [4].

Prognosis

Prompt diagnosis and treatment, as well as good and rapid
communication among caregivers [76], are the keys to
achieving a good outcome in children with PRES [77]. The
prognosis of this condition is generally benign, except for
rare patients with intracranial hemorrhage [3, 4, 59]. There
is some debate whether PRES is truly a reversible disease,
since prolonged seizures, hypertension, or both may result in
permanent neurological deficits and cerebral infarction [78].

In a case series [4], 2 out of 20 children with PRES and
kidney disease developed long-term brain damage (with
developmental delay). Other case series of similar patients
also reported some chronic neurological impairment or

@ Springer

imaging abnormalities [8], chronic epilepsy [4, 27], recur-
rent PRES [5, 51, 79], or subtle neurological deficits, includ-
ing subclinical developmental delay and learning disabilities
[4].

These cases suggest the necessity of long-term follow-up
of PRES patients, including those who show complete clini-
cal and radiological recovery in the short term.

Conclusions

PRES should be suspected in all children with kidney dis-
ease hypertension and/or immunosuppressive treatment
(such as cyclosporine), who develop sudden neurological
symptoms, even if imaging abnormalities are not restricted
to the subcortical white matter of the occipital lobe. Severe
neurological complications may develop if left untreated.
Therefore, early recognition of PRES and optimal therapy
are important to prevent serious neurological sequelae in
these patients.

Rigourous control of hypertension and blood concen-
tration of calcineurin inhibitors are important strategies in
managing children with kidney disease, in order to prevent
the development of PRES.

Further advances with MRI, including DWI with ADC
mapping, are required to improve diagnostic accuracy and
the ability to predict outcomes in patients with early-stage
PRES, as well as to better understand the complex patho-
physiology of this disorder. Further research is needed to set
up guidelines for PRES diagnosis and treatment.
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