ETIOLOGY OF POSTERIOR REVERSIBLE
ENCEPHALOPATHY SYNDROME (PRES)
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ABSTRACT

Objective: To study the causes and risk factors for the development of Posterior Reversible Encepha-
lopathy Syndrome (PRES).

Design: Prospective hospital based study over a period of five years from July 1999 to June2004.
Patients and methods: Patients with clinical and neuroimaging features consistent with PRES were
included in the study. All patients had detail clinical evaluation on presentation, and recovery from
PRES. All had CT and/or MRI brain scan and other hematological and serological investigations to
determine the most likely cause of the syndrome. Most patients also underwent follow up neuroimaging
to demonstrate resolution of brain lesions.

Results: Thirteen patients fulfilled the clinical and radiological features consistent with PRES. Sei-
zures and altered conscious level were most common clinical manifestations. Main radiological fea-
ture on CT and /or MRI brain was extensive subcortical edema mainly confined to the posterior
parieto-occipital lobes. Hypertensive encephalopathy, immunosuppressive treatment, renal failure
and eclampsia were main causes of PRES in our study. We also found that this syndrome was more
common in females than males. Clinically all patients recovered with control of blood pressure and
discontinuation or reduction in dose of the offending drug within 2-7 days. There was almost complete
resolution of radiological abnormalities within 2-4 weeks in patients who underwent follow up
imaging.

Conclusion: Hypertensive encephalopathy, immunosuppressive treatment, renal failure and eclampsia
are most common causes of posterior reversible encephalopathy syndrome with a greater predilection
for females than males. Multiple factors may be contributory in some patients who develop PRES.
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INTRODUCTION

The term Reversible Posterior Leukoencepha-
lopathy Syndrome (RPLS) refers to
clinicoradiologic entity characterized by head-
ache, confusion, visual disturbances, seizures
and neuroimaging evidence of characteristic
subcortical edema without infarction in a rela-
tive symmetric pattern, which predominantly
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involves parietal and occipital lobes!. These
often striking imaging findings resolve on fol-
low up studies after appropriate treatment?.
With recent advancements in magnetic reso-
nance imaging and availability of FLAIR se-
quences, diffusion weighted imaging, and
Apparent Diffusion Coefficient (ADC)
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mapping, it has been found that the lesions in
RPLS occur in both gray and white matter.
Therefore a new name, Posterior Reversible
Encephalopathy Syndrome (PRES) has been
coined recently®. Hypertensive encephalopa-
thy, immunosuppressive treatment, eclampsia
and renal failure were main causes of RPLS in
15 cases described by Hinchey, et al* Since its
initial description, this syndrome has been sub-
sequently described in an increasing number
of other medical conditions®. Cyclosporine and
tacrolimus (FK-506) are most common immu-
nosuppressive drugs associated with develop-
ment of PRES®67,

The pathogenesis of the syndrome is poorly
understood and two main mechanisms have
been suggested®. One hypothesis is that cere-
bral vasospasm results in cerebral ischemia and
subsequent development of T2 hyperintensity
o101l - Alternatively it has been suggested that
there is a temporary failure of autoregulatory
capabilities of the cerebral vessels, leading to
hyperperfusion, breakdown of blood-brain
barrier, and consequent vasogenic edema 121314,
The preferential involvement of the parietal and
occipital lobes is thought to be related to the
relatively poor sympathetic innervation of the
posterior circulation®!®. Drugs have been pos-
tulated to contribute to this physiological ef-
fect by cytotoxic effects on the vascular endot-
helium or by inducing or exacerbating hyper-
tension®t®, We undertook this study to find
out the causes and risk factors for the develop-
ment of PRES in our patients.

PATIENTS AND METHODS

This was a prospective study carried out in
King Abdul Aziz Hospital and Oncology Cen-
ter, Jeddah, Saudi Arabia. This hospital is a
teaching hospital and secondary referral cen-
ter for medical, surgical, obstetric and gyneco-
logical patients including major allied medical
and surgical subspecialties. Hospital is also in-
volved in active renal transplant programme
and management of patients with acute and
chronic renal failure due to various causes. It
is one of the referral centers for management
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of oncology patients in western region of Saudi
Arabia. As a result, we were involved in the
management of variety of cases who developed
neurological manifestations. Our study was
carried out over a period of 5 years from July
1999 till June 2004. Patients with predomi-
nantly white matter edema on CT or MRI brain
and subsequent evidence of clinical recovery
and / or radiological recovery were included
in the study. However, it may be worth men-
tioning that none of the patients, where PRES
was suspected at the time of admission to the
hospital, died. Abnormalities on imaging were
defined as areas of low attenuation of white
matter on CT scan, as T1-weighted hypointense
and T2- weighted hyperintense areas on MRI
scans that partially or completely resolved on
follow up scanning. All patients had detail
clinical evaluation including history and ex-
amination. Routine hematological investiga-
tions included an ESR, CBC, BUN, creatinine,
sodium, potassium, calcium, and magnesium
estimations. Antinuclear antibodies, rheuma-
toid factor, and HIV serology were checked for
all patients. A lumbar puncture was performed
only when suspicion of CNS infection was very
high especially in patients on immunosuppres-
sive drugs. All patients had CT scan of brain
and 7/ or MRI brain. Follow up imaging was
performed in majority of the patients despite
clinical recovery to demonstrate radiological
reversibility of the lesions. Serum drug levels
for cyclosporine and tacrolimus (FK-506) were
measured on admission and on recovery from
PRES. Serum drug levels were also compared
with the levels previously recorded in their files
before the development of PRES.

RESULTS

We collected 13 patients who had clinical
and radiological features consistent with PRES.
The 13 patients (9 female and 4 male) ranged
from 12 to 45 years (average, 25). All under-
went CT scan of brain on admission and 10
patients had subsequent MRI brain with in next
48 hours of their admission. A follow up CT or
MRI brain was done in 11 patients after 2-4



weeks. Eight patients presented with general-
ized tonic clonic seizures and three with acute
confusional state without seizures. One pa-
tient developed sudden onset of coma with
quadriplegia and another presented with sub-
acute onset of vertigo and truncal ataxia.
Headache and vomiting were present in only
one patient. Characteristic white matter abnor-
malities on imaging were present in the pari-
etal and occipital lobes in 12 patients. One pa-
tient had brainstem and cerebellar edema with
minimal supratentorial white matter edema
and another patient had isolated changes con-
fined to cerebellum. Main causes of PRES in
our study were hypertension in 9(69%), immu-
nosuppressive treatment 7(54%), renal failure
4(31%), and eclampsia 2(15.5%) cases. There
was complete clinical and radiological recov-
ery with management of underlying cause in-
cluding control of BP and seizures, discontinu-
ation or reduction of immunosuppressive drugs
and regular dialysis if indicated.

Fig 1: A&B. CT scan brain of one patient shows hypodensity
in the parieto-occipital white matter.

Fig 2: A. MRI brain T2WI shows widespread hyperintense
signal abnormalities of white matter.

B. Follow up scan shows almost complete resolution of
the abnormalities.

Etiology of PRES

HYPERTENSION

Nine of 13 patients in our study were found to
have high blood pressure (BP). Five patients
had grade 3 hypertension defined as systolic
blood pressure (SBP) >180 or diastolic blood
pressure (DBP) > 110. Two patient had grade
2 (SBP 160-179 or DBP100-109) and two pa-
tients had grade 1 hypertension (SBP 140-159
or DBP 90-99) at the time of presentation. Blood
pressure was normal in four cases.

Immunosuppressive treatment

Seven patients who developed PRES were re-
ceiving immunosuppressive treatment. Three
patients were receiving tacrolimus (FK-506),
two cyclosporine A, one methotrexate and one
high dose pulse therapy with methylpredniso-
lone. Patients who were receiving tacrolimus
(3 cases) and cyclosporine (2 cases) were post-
renal transplant. Of these five cases, three had
evidence of chronic rejection with elevation of
BUN and serum creatinine and two had suc-
cessfully functioning grafted kidney. Serum
levels of immunosuppressive drugs were thera-
peutic in four and slightly above therapeutic
value in one patient.

Renal failure

In our series, four patients had renal failure
including three post renal transplant cases with
chronic rejection. All patients with renal fail-
ure were hypertensive and receiving immuno-
suppressive treatment. The average serum
creatinine was 569umol/Il with range from
345-1075umol/1. Serum sodium, potassium,
magnesium and calcium levels were normal in
these patients.

Eclampsia

Two patients with eclampsia showed fea-
tures of PRES in our study. There was only mild
to moderate hypertension in these cases and
both recovered rapidly after control of their BP
and emergency cesarean section.
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DISCUSSION

Reversible Posterior Leukoencephalopathy
Syndrome (RPLS) or Posterior Reversible En-
cephalopathy Syndrome (PRES) is a newly rec-
ognized clinicoradiological entity. It is charac-
terized predominantly by subcortical edema
without infarction mainly involving the pari-
etal and occipital lobes bilaterally in a relative
symmetric patternt. Most patients show com-
plete clinical and radiological recovery on fol-
low up imaging in 2-4 weeks?. Hypertensive
encephalopathy*#¢17 renal failure!, immuno-
suppressive therapy*®’ and eclampsia®®*® had
been reported to be the major causes of this
syndrome. Our study yielded similar results
with hypertension, immunosuppressive
therapy, renal failure and eclampsia being the
main causes for the development of PRES. Few
patients had more than one contributory fac-
tors especially patients with renal failure who
were hypertensive and receiving immunosup-
pressive therapy as well. This implies that this
disorder may be multifactorial in its
pathogenesis.

The main cause of PRES is acute elevation of
blood pressure, above the upper limit of cere-
bral blood flow autoregulation®. Rapidly de-
veloping, fluctuating or intermittent hyperten-
sion carries a particular risk for hypertensive
encephalopathy®. The degree of hypertension
required to induce encephalopathy depends on
the baseline pressure???, Severe hypertension
is thus not mandatory for PRES to develop es-
pecially in patients who also have evidence of
renal failure, vasculitis, immunosuppressive
treatment or present with eclampsia. We found
that only five of our patients had severe hy-
pertension and BP was normal in four patients
who developed PRES. There was poor corre-
lation with degree of hypertension and devel-
opment of PRES. One can argue that peak rise
in BP could had been missed in some of these
cases. However, we closely monitored all these
patients in ICU and CCU setting until their
complete clinical recovery and no intermittent
rise in BP was noted in normotensive patients
or those with mild hypertension. Most of our
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normotensive patients were on immunosup-
pressive treatment. Therefore, we conclude that
hypertension is commonly associated with
PRES but is not universally present especially
in the setting of immunosuppression. Similar
observation has also been made in the past®.

Immunosuppressive treatment was second
common cause of PRES in our study.
Tacrolimus (FK-506) and cyclosporine A were
two most common drugs in patients who de-
veloped PRES. One patient received methotr-
exate for treatment of osteosarcoma and an-
other patient was on pulse therapy with high
dose methyl prednisolone for autoimmune
hemolytic anemia. Other immunosuppressive
drug reported to cause PRES are vincristine?,
cisplatin®?, cytarabine?t, interferon-a?, and
combination chemotherapy?*2¢. Four of our pa-
tients had evidence of renal failure. There was
no correlation between BUN / serum creati-
nine level and serum drug levels of immuno-
suppressive drugs in the development of PRES.
Similar observation has been made in the past?.

Eclampsia was the cause of PRES in two pa-
tients in our study. Both patients had mild to
moderate hypertension. There is no significant
correlation between symptoms of eclampsia
and blood pressure levels. Several findings
suggest that maternal endothelial dysfunction,
thought to be due to the secretion of tropho-
blastic cytotoxic factors originating from a
poorly perfused fetal placental unit, play a role
in eclampsia!®?-%,

Other reported causes of PRES includes vas-
culitis especially SLE®, polyarteritis hodosa®,
endocrine disorders including pheochromocy-
toma®*® and primary aldosteronism®, porphy-
ria®, thermal injury®, scorpian envenoma-
tion¥, thrombotic thrombocytopenic pur-
pura3®, hemolytic uremic syndrome®, hyper-
calcemia®, and blood transfusion*#2, PRES has
also been reported to be caused by few other
drugs like immunotherapy with interleukin®,
antiretroviral therapy in HIV infected pa-
tients*, erythropoitin®, granulocyte stimulat-
ing factor®, intravenous immunoglobulins?,
and over-the-counter stimulants*® like
phenylpropanolamine, ephedrine and



pseudoephedrine.

An additional role of seizures has also been
suggested as the cause of the PRES rather than
manifestation of PRES**. However, because
seizures were not present in all patients in our
study, they cannot be the only cause of the syn-
drome.

We found more females than males develop-
ing this syndrome. Similar observation has been
made in the past*'®. However, larger studies
are needed to confirm this predilection.

All patients of PRES in this study improved
with the management of underlying causes
such as control of blood pressure and seizures,
discontinuation or reduction in dose of immu-
nosuppressive drugs in post renal transplant
cases, and regular hemodialysis in uremic pa-
tients.

CONCLUSION

Posterior Reversible Encephalopathy Syn-
drome is a recently described clinicoradiological
entity with well known causes like hyperten-
sive encephalopathy, immunosuppressive
treatment, renal failure and eclampsia. Its
pathogenesis remains poorly understood.
Clinical signs are non specific but neuroimaging
are often characteristic and may be the first
clue to the diagnosis. Diagnosing PRES has im-
portant implication because of its potential
reversibility if managed appropriately.
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