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ABSTRACT

Posterior reversible encephalopathy syndrome (PRES) is an obstetric emergency frequently occurring in a pregnant or puerperal woman, man-
ifested with an acute headache, consciousness impairment, seizures, and visual deficits and is associated with white matter changes predomi-
nantly affecting the posterior parietal and occipital lobes of the brain. Apart from the above-described typical location of the changes, the most
common atypical location involves the brain stem and basal ganglia. Since magnetic resonance imaging (MRI) is more sensitive and specific
imaging technique compared to computerized tomography, establishing the diagnosis and follow-up in patients with PRES is based mainly on

MRI findings. It is particularly important not to exclude PRES as a possible diagnosis when we have the appropriate clinical presentation accom-

panied by the atypical radiological findings, since this clinical-radiological syndrome can often be manifested with an atypical MRI image.
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INTRODUCTION

Posterior reversible encephalopathy syndrome (PRES) or
reversible posterior leukoencephalopathy syndrome was first
described by Hinchey, in 1996, as a reversible syndrome man-
ifested with an acute headache, consciousness impairment,
seizures, and visual deficits, associated with white matter
changes predominately affecting the posterior parietal and
occipital lobes of the brain but also involving the brainstem,
cerebellum, and other cerebral areas [1-3].

On magnetic resonance imaging (MRI), hyperintensity on
T2-weighted (T2W) and fluid-attenuated inversion recovery
(FLAIR) images in the parieto-occipital and posterior fron-
tal cortical and subcortical white matter is most commonly
involved in the typical appearance of PRES. The brainstem,
cerebellum, and basal ganglia are less typically included.
Contrast enhancement, hemorrhage as well as restricted dif-
fusion on MRI are the atypical imaging findings [4-6].
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The exact pathogenesis of PRES is still under debate, and
several different theories explain the occurrence of this syn-
drome. It is considered that PRES is caused by the disorder of
the autoregulation of the central nervous system vasculature.
Impaired cerebral vasoregulation is responsible for an increase
in blood flow and elevation of the blood pressure, leading to
breakdown of the blood-brain barrier and vasogenic edema.
The occipito-parietal lobe is particularly susceptible to these
events because of the lack of sympathetic tone in the basilar
artery vasculature [7-9].

However, this theory does not show a positive correlation
between the extent of cerebral edema and the level of blood
pressure.

According to another theory, extreme hypertension lead-
ing to vasospasm causes local ischemia followed by impaired
blood-brain barrier and edema [4,8].

This clinical and radiological entity is associated with var-
ious clinical conditions such as hypertensive encephalopathy,
renal failure, acute intermittent porphyria, thrombotic throm-
bocytopenic purpura, pre-eclampsia, and eclampsia [6,10].

PRES is an obstetric emergency frequently occurring in

a pregnant or puerperal woman usually the first 48 hours
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postpartum, as a consequence of eclampsia, which is char-
acterized by the development of generalized convulsions
preceded by pre-eclamptic syndrome of proteinuria and
hypertension [11,12].

The significance of an early diagnosis of PRES with MRI
is emphasized by the fact that its clinical presentation is often
atypical. Since the posterior cortical edema can be detected by
MRI early after the occurrence of initial symptoms, this tech-
nique is considered crucial for the diagnosis [13].

With an early diagnosis and the treatment of the under-
lying cause, the syndrome is usually completely reversible.
Recognizing PRES early in eclampsia is a matter of utmost
importance as an urgent control of blood pressure will result
in syndrome reversion. On the other hand, delaying the
appropriate treatment may lead to a permanent brain damage.

Acute ischemic stroke is considered as one of the most
important differential diagnoses of PRES since it is caused
by a different kind of edema. The treatment of first choice
for patients developing vasogenic edema includes the reduc-
tion of blood pressure and supportive measures, whereas
the treatment of patients suffering from acute stroke who
developed cytotoxic edema and infarction requires a more
aggressive therapy, applying the treatment protocols for
other etiologies, for instance, subarachnoid hemorrhage
with vasospasm [14].

Fatal outcome rarely occurs and it can be caused by
increased intracranial pressure which is most commonly a
consequence of the presence of progressive cerebral edema,
intracerebral hemorrhage, or the underlying conditions and
complications [15].

PATHOPHYSIOLOGY

There has been a controversy surrounding the mecha-
nisms behind the PRES imaging appearance. They are still
under debate and unproved. However, the most common
suggestions include hypertension that causes a failure of auto-
regulation or forced hyperperfusion, or both. On the other
hand, some studies reported the presence of vasospasm and
hypoperfusion in PRES and the resemblance of the imag-
ing appearance to a watershed distribution has been noted.
Endothelial injury, as present in eclampsia, is a potential etio-
logical factor [9,16,17].

The most widespread theory that explains the patho-
genesis of PRES is the vasogenic edema theory. A constant
blood flow to the brain, despite the changes of pressure in the
systemic circulation, is maintained by the cerebral autoregu-
lation. Increased perfusion pressure and the collapse of the
blood-brain barrier leads to extravasation of fluid, macromol-
ecules, and the red blood cells. Therefore, in most cases, PRES
represents vasogenic and not cytotoxic edema [7,8,18].

CLINICAL PRESENTATION

PRES is usually identified in patients with eclamp-
sia [10]. However, there are also reported cases of PRES in
patients diagnosed with the following systemic conditions:
Wegener's granulomatosis, systemic lupus erythematosus,
non-specific renal inflammatory conditions (glomerulone-
phritis and hepatorenal syndrome), hypertension, and post
chemotherapy [3,19-25].

Hypertension and proteinuria during the antepartum
and postpartum periods are characteristic features of pre-ec-
lampsia. The term eclampsia is used for the onset of seizures,
following pre-eclampsia, which cannot be attributed to other
causes. Pre-eclampsia as a pregnancy complication most com-
monly occurs between 20 weeks of gestation and 48 hours
postpartum. It is known as late postpartum pre-eclampsia or
eclampsia when developed after 48 hours and up to 30 days
after delivery [11,12,26,27].

PRES as a neuroradiological entity is relatively new. The
typical features of PRES include signs and symptoms such as
hypertension, headache, disturbances of vision, altered mental
status as well as generalized seizures accompanied by charac-
teristic MRI findings [1,2,10,28].

The clinical symptoms may vary in severity. Blurred vision,
homonymous hemianopsia as well as cortical blindness in
some cases are common manifestations of the visual distur-
bance. Patients can experience mild confusion and agitation
but may also fall into a coma. Nausea, vomiting, and brainstem
deficits are some of the possible and less common symptoms.

Pre-eclampsia is a condition characterized by a systolic
blood pressure >140 mm Hg or a diastolic blood pressure
>90 mm Hg or higher, proteinuria of 0.3 g in a 24-hour urine
specimen, and a 0.3 or higher protein (mg/dL)/creatinine
(mg/dL) ratio [29].

A significant fact related to PRES is the possible develop-
ment of this disorder with no remarkable elevation of blood
pressure. This is particularly the case during pregnancy, where
there is a shift of cerebral autoregulation curve to the lower
range of blood pressure. Since autoregulatory capability is
completely attenuated if there is a severe endothelial injury, as
it is the case in pre-eclampsia, even a moderate rise of blood
pressure may lead to neurologic symptoms which culminate
in eclamptic seizures [30].

In comparison to the above-mentioned predisposing con-
ditions, a study showed that in women with pre-eclampsia
and eclampsia less severe edema occurred, and the radiolog-
ical evidence for cytotoxic edema, hemorrhage, and contrast
enhancement was less often found. In addition, residual struc-
tural lesions were less frequently observed on follow-up imag-
ing [31]. Hefzy et al. [32] found that in comparison to PRES
in patients with eclampsia, in patients suffering from PRES
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associated with immunosuppressive therapy, particularly
related to allogeneic bone marrow transplantation, intracra-
nial hemorrhage is more likely to accompany the condition.

Diagnosis of PRES

A typical clinical picture and the findings on MRI of the
brain are used for the diagnosis of PRES.

The clinical diagnosis of PRES is established on the pres-
ence of certain conditions such as hypertension, headache,
visual disturbances, altered consciousness, and generalized
seizures with characteristic MRI findings [1,2,10,28]. Imaging
findings are of primary importance for PRES diagnostics.

RADIOLOGICAL CHARACTERISTICS
OF PRES

Since MRI is a more sensitive and specific imaging tech-
nique than computerized tomography (CT), establishing the
diagnosis and follow-up in patients with PRES is based mainly
on MRI findings.

The typical MRI appearance of PRES includes T2W and
FLAIR hyperintensities in the parieto-occipital and posterior
frontal cortical and subcortical white matter. Moreover, the fact
that PRES may also have an atypical presentation should be taken
into account as highly significant for timely recognition of the
condition and the application of the appropriate treatment [4].

Bartynski and Boardman [4] suggested the presence of
focal or confluent vasogenic edema in the “posterior” parietal
or occipital lobe region as well as in additional regions that are
most commonly involved such as the frontal lobes, inferior
temporal-occipital region, and cerebellum. Furthermore, the
study noted that vasogenic edema in the frontal lobe generally
appears to be linear along the superior frontal sulcus.

Apart from the above-described typical location of lesions,
the most common atypical location involves the brain stem
and includes abnormalities in the midbrain, pons, and medulla.
Basal ganglia, including the thalamus and caudate nucleus,
have also been identified as the atypical locations [4,33].

Atypical MRI findings include restricted diffusion on dif-
fusion-weighted images (DWI), post-gadolinium contrast
enhancement on T1W images, and hemorrhage [4,5,6].

Due to the possibility of reversing PRES, by applying
an adequate treatment the deficits are usually completely
resolved in a few days to weeks. However, the cases of only
a partial resolution have also been reported. Therefore, PRES
can cause a fatal outcome [34].

Typical radiological presentation of PRES

A typical presentation of PRES involves widespread, and
usually reversible, vasogenic edema, affecting predominantly

the subcortical white matter of the occipital and parietal lobes
of the brain. Most commonly, the distribution of vasogenic
edemain PRES appears as symmetrical and bilateral. However,
there is also a possibility of asymmetrical or unilateral appear-
ances [35).

The areas of a diffuse white matter hypodensity indicate
the affected regions on CT. On MR, the lesions are isointense
or hypointense on T1W images and hyperintense on T2W
images (Figure 1).

The changes in PRES are mostly visible on FLAIR images
as cortical and/or subcortical hyperintensities. Usually, no
enhancement can be seen following an injection of a contrast
agent.

The most commonly affected regions, in descending order,
are the parietal and occipital lobes, frontal lobes, inferior tem-
poral-occipital junction, and cerebellum. This is due to a bet-
ter autoregulation of the anterior circulation caused by better
sympathetic innervations compared to the posterior circula-
tion [18].

Although in 28% of the cases the lesions are asymmetrical,
bilateral and symmetrical lesions are considered as a highly
typical appearance of PRES. The distinction between a bilat-
eral infarct in the posterior cerebral artery territory and PRES
can be made based on the fact that PRES does not commonly

affect the calcarine and occipital lobe structure.

FIGURE 1.Typical presentation of posterior reversible encephalop-
athy syndrome. Brain computerized tomography demonstrates
areas of a white matter hypodensity affecting symmetrically:
Frontal lobes (A), and parieto-occipital lobes (B); Brain magnetic
resonance imaging: Axial T2-weighted (C), and axial fluid-atten-
uated inversion recovery (D) the tomogram demonstrates typi-
cal areas of symmetrically increased signal intensities in parie-
to-occipital and frontal regions.
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Perfusion imaging revealed a reduced cerebral
blood volume, thus indicating the mechanism involving
hypoperfusion [36].

Fractionalanisotropy, which showsthe zonesofanincrease,
indicates a mild and possibly reversible damage of brain tracts.
This is in accordance with MR spectroscopy results showing a
mild decrease of N-acetylaspartate values [36,37].

Although MR spectroscopy is not regarded as superior
compared to conventional MR sequences, it can be very help-
ful for excluding other etiologies of changes. Increased signal
intensity seen after the application of the contrast agents was
present in approximately half of the cases [36].

A technique introduced for the detection of microhe-
morrhages in recent years is susceptibility-weighted imag-
ing. A higher occurrence rate of microhemorrhage in PRES,
associated with vasculopathy, has been revealed by this

sequence [38].

Atypical radiological presentation of PRES

A number of other atypical radiological features detected
by neuroimaging, including anterior, cortical, brainstem
lesions, foci of permanent injury, hemorrhage into lesions, and
unilateral lesions, should also be taken into account by clini-
cians (Figures 2 and 3) [39].

Nakagawa et al. [5] described early imaging character-
istics of PRES that precede the more classic clinical presen-
tation. Mild sulcal FLAIR hyperintensity and leptomenin-
geal enhancement on post contrast T1W images have been
described as early findings that precede the clinical presenta-
tion [5].

Basal ganglia, brain stem, deep white matter, and splenium
of the corpus callosum are rarely affected, and usually unilat-
eral. However, this must not imply an incorrect diagnosis [4].

A progressive disorder of the cerebrovascular regulation
mechanisms, in certain severe forms, may cause damage to
the blood-brain barrier. In such cases, an enhanced signal in
T1W images is seen on MRI after the administration of gado-
linium contrast agent [40].

There is an equal possibility of the occurrence of a cyto-
toxic edema, whereby a decrease in diffusion coefficient
would be shown, as described by Benziada-Boudour et al. [41].
Hemorrhage may occur in such cases that progressed further.
Hemorrhage is becoming more widely recognized as an atyp-
ical manifestation of PRES and does not exclude the diagno-
sis [42]. It appears in 5% and 30% of cases according to various
studies. The possible anatomical locations for its occurrence
with a similar incidence are the brain parenchyma, appearing
as a focal hematoma or petechial gyral bleeding, or the sub-
arachnoid space [43,44].

FIGURE 2. Atypical presentation of posterior reversible enceph-
alopathy syndrome: Non-contrast (A) and post-contrast (B) brain
computerized tomography indicating a hypodense lesion in the
left basal ganglia with no contrast enhancement; Brain magnetic
resonance imaging illustrating diffusion restriction on diffu-
sion-weighted imaging (C) and high values on apparent diffusion
coefficient (D).

FIGURE 3. Atypical presentation of posterior reversible encepha-
lopathy syndrome. The brain computerized tomography revealed
global brain edema with a large left parietal hematoma (A), and
hemorrhage in the pons (B); the axial magnetic resonance tomo-
gram also demonstrates atypical presentation of the areas with
increased signal intensities in the pons brain stem (C).
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DIFFERENTIAL DIAGNOSIS

The differential diagnosis of the T2W confluent white
matter hyperintensities is broad, and it comprises a great num-
ber of conditions and other causes of vascular and inflamma-
tory diseases. Various conditions that are considered in the
differential diagnosis include acute cerebral ischemia, infarcts
involving top of basilar syndrome, cerebral venous throm-
bosis, transient cerebral hyperemia, Creutzfeldt-Jakob dis-
ease, gliomatosis cerebri, infectious meningitis, encephalitis,
post-infectious encephalomyelitis, vasculitis, epinephrine-in-
duced toxic or metabolic encephalopathy, and demyelinating
disorders [9].

Distinguishing PRES from acute ischemic stroke is highly
significant since hypertension in ischemic stroke should not
be managed aggressively while in the case of PRES it should be
controlled and actively managed.

For the differentiation between vasogenic and cytotoxic
edema, which represents foci of irreversible ischemia, DW1
and apparent diffusion coefficient (ADC) map are of great
help. These two MR techniques are sensitive to molecular
diffusion of water molecules. Cytotoxic edema shows a bright
signal on DW1 as a result of decreased Na'K'-ATPase activity
with a consequent decrease in water molecule transport. On
the other hand, on DW1, vasogenic edema due to T2 shine-
through effect can elicit increased signal intensity but is usu-
ally iso — or hypointense. Because of highly mobile water in
the regions of vasogenic edema, there are high ADC values
unlike in cytotoxic edema and that enables the exact differ-
entiation. In cases of PRES, the signal abnormalities on DW1
were not accompanied with decreased ADC values, which
represent vasogenic edema [45-47].

Reversible cerebral vasoconstriction syndrome (RCVS)
should also be mentioned as an important differential diag-
nosis. RCVS is a clinical-angiographic syndrome that occurs
usually in women and is manifested by sudden attacks of
severe headache, focal neurological defects, segmental nar-
rowing and dilatation of large and medium cerebral arteries.
There is a significant overlapping of clinical and radiological
features between RCVS and PRES. Moreover, the two enti-
ties often occur simultaneously. RCVS may be idiopathic or
occur after an administration of vasoactive drugs, migraine,
in pregnancy, and puerperium. In RCVS patients, the major
cerebral arteries are affected and stroke occurs, while in PRES
patients the small blood vessels, arterioles, and capillaries are
affected. PRES can be complicated by ischemic stroke, simi-
lar to the RCVS, which is presented with “watershed” distri-
bution where subcortical mass is affected and the cortex is
saved [48,49].

MANAGEMENT

PRESS is a possibly reversible condition. Although there
have been reports of only a partial resolution and a fatal out-
come of the disease, the application of an adequate therapy
usually completely resolves the deficits in a few days to weeks.
The recommended treatments of eclampsia differ from PRES
in other clinical settings. Delivery of the baby and placenta is
often sufficient. The treatment of choice should include anti-
hypertensive drug therapy for the management of arterial
hypertension, the use of magnesium sulfate or phenytoin for
the prevention and control of the eclamptic seizures or the
withdrawal of the offending agent [34].

Same studies recommend the discontinuation of intrave-
nous nitroglycerin, which is a widely-used therapy for acute
hypertension and hypertensive encephalopathy. Vasodilators,
Le. nitroglycerin, can widen the cerebral arteries and change
the brain blood flow. This may lead to disturbances of the
autoregulation. Although, nitroglycerin is an established
therapy for hypertensive encephalopathy, we should be very
careful with its application in cases of PRES which are initially
presented as hypertensive encephalopathy, when brain imag-
ing is not available or not typical. The distinction between
hypertensive encephalopathy and hypertensive PRES is based
on the radiological findings, and it is very subtle. If the neu-
rological symptoms occurred or got worsening or the typical
radiological signs appeared, nitroglycerin should be immedi-
ately discontinued [50,51].

CONCLUSION

It is of particular importance not to exclude PRES as a
possible diagnosis when we have the appropriate clinical pre-
sentation which is not accompanied by the typical radiologi-
cal findings since this clinical-radiological syndrome can often
be manifested with atypical MRI findings. The success of the
therapy lies primarily in recognizing these findings.
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