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Objective : Symptoms of posterior reversible encephalopathy syndrome 
(PRES) include headache, altered mental status, visual disturbances, and 
seizures. Typical radiological features include edema of the parieto-occipi-
tal lobes. The purpose of this study is to review the clinical and radio-
logical findings in patients diagnosed with PRES.

Methods : All patients diagnosed with PRES between January 2006 and 
December 2012 were retrospectively included in this study. We reviewed 
demographic and clinical characteristics, and radiological findings.

Results : We identified 16 patients with PRES. The most common clinical 
presentation was seizure (n = 12, 75%). Clinical recovery occurred in all 
patients within days (mean, 5.7 ± 4.6 days). Comorbid conditions in-
cluded hypertension (n = 4, 25%), cytotoxic medications (n = 3, 18.8%), 
sepsis (n = 4, 25%), malignancy (n = 4, 25%), subarachnoid hemorrhage 
(n = 1, 6.3%), autoimmune disorders (n = 1, 6.3%) and eclampsia (n = 1, 
6.3%). The most commonly involved location was the parieto-occipital 
lobe (n = 13, 81.3%). Atypical radiological findings included significant 
basal ganglia involvement in 4 episodes; brainstem in 3, cerebellum in 2, 
and thalamus in 3. Eleven patients (68.8%) underwent diffusion-weighted 
imaging and apparent diffusion coefficient mapping. Of those, 9 patients 
(81.8%) had hypo- or isointensity on diffusion-weighted imaging. On the 
apparent diffusion coefficient map, 10 patients (90.9%) had hyperintensity, 
and the other had normal values.

Conclusion : We suggest that PRES may occur in patients with complex 
systemic conditions. The prognosis of PRES is usually benign. Physicians 
should be aware of certain atypical radiological findings to avoid a de-
layed diagnosis of PRES, as delayed diagnosis and treatment can result in 
permanent neurological sequlae. 

J Cerebrovasc Endovasc Neurosurg. 
2013 September;15(3):206-213
Received : 30 July 2013
Revised : 27 August 2013
Accepted : 4 September 2013

Correspondence to Byung-Moon Cho
Department of Neurosurgery, Kandong 
Sacred Heart Hospital, Hallym University,
445 Gil-Dong, Kangdong-Gu, Seoul 
134-701, Korea 

Tel : 82-2-2224-2236 
Fax : 82-2-473-7387 
E-mail : nschbm@hallym.or.kr

This is an Open Access article distributed under the 
terms of the Creative Commons Attribution Non- 
Commercial License (http://creativecommons.org/li-
censes/by-nc/3.0) which permits unrestricted non- 
commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

Keywords Posterior reversible encephalopathy syndrome, Radiological findings, 
Clinical features

Journal of Cerebrovascular and Endovascular Neurosurgery
ISSN 2234-8565, EISSN 2287-3139, http://dx.doi.org/10.7461/jcen.2013.15.3.206 Clinical Article

INTRODUCTION

Posterior reversible encephalopathy syndrome (PRES) 

is a clinico-radiological entity characterized by a vary-

ing combination of symptoms and signs that include 

impaired consciousness, seizure activity, headache, 

visual abnormalities, nausea/vomiting, and focal neu-

rological deficits.16)27) This syndrome was first reported 
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Fig. 1. Axial fluid-attenuated inversion recovery magnetic reso-
nance imaging (MRI) of posterior reversible encephalopathy 
syndrome (PRES) shows the involvement of cerebellum (A), 
cortex (B), frontal lobe (C), brainstem with atypical pattern (D), 
and thalamus/basal ganglia (E, F).

by Hinchey and colleagues in 1996.16) The syndrome 

is characterized by a primarily vasogenic edema of 

the subcortical white matter with a predilection for 

the parenchyma supplied by the posterior circulation, 

and is potentially reversible.4) However, recognition of 

atypical imaging findings, such as varied distribution 

patterns, cytotoxic edema, infarction, hemorrhage, and 

contrast enhancement has recently increased.15)32)

However, many patients are still not diagnosed dur-

ing the initial stage. Studies have reported on precip-

itants of PRES, such as hypertension, acute renal fail-

ure, eclampsia, blood transfusion, infection, sepsis, ra-

dio-contrast, and immunosuppressive agents, and cer-

tain cytotoxic medications. PRES must be taken into 

consideration; radiological studies, particularly mag-

netic resonance imaging (MRI), should be performed. 

Without immediate diagnosis and administration of 

appropriate treatment, which have the greatest effect 

on prognosis, progression to ischemia, infarction, and 

death might occur.

The aim of this study is to identify the clinical and 

radiological findings of all patients who were admit-

ted to our institution with a diagnosis of PRES, and 

to review the current literature on this syndrome.

MATERIALS AND METHODS

The radiological report data bases, involving the neu-

rosurgery, neurology, cardiovascular, oncology, rheu-

matology, and obstetrics departments of the author’s 

affiliated hospitals were searched for the following 

items cited on brain MRI reports from January 2006 to 

December 2012: PRES, posterior reversible encephal-

opathy, posterior reversible leukoencephalopathy, pre-

eclampsia and eclampsia, toxemia of pregnancy, hy-

pertensive encephalopathy, and hypertensive crisis. 

Patients included in this study had a clinical pre-

sentations and specific radiological abnormalities con-

sistent with PRES. 

The following criteria were used in final diagnosis 

of PRES: typical clinical presentation of PRES, includ-

ing headaches, visual disturbance, altered mental 

functioning, and seizures with an underlying etiology 

such as hypertension, drug toxicity. Also included 

were other common causes, like renal involvement 

with renal insufficiency and infection supported by 

imaging of brain parenchyma that demonstrated sig-

nal changes on T2 weighted images and fluid-attenu-

ated inversion recovery (FLAIR) images as well as ap-

parent diffusion coefficient (ADC) values

We collected data on demographics, predisposing 

conditions, presenting symptoms, co-morbidities, blood 

pressure measurements at the initial stage and time to 

clinical recovery. 

All neuroimages (including brain computed tomo-

graphs [CT] and MRIs) were reviewed by study neu-
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Patient 
No. Age/Sex Clinical symptoms 

Initial blood 
pressure at onset 

(mmHg)
Comorbidities Others   

pre-condition

Duration from 
onset to recovery 

(day)

1 54/F Sz, HA 170/100 HTN Hepatitis 4

2 36/M Sz, Blurred vision 200/130 HTN, Sepsis Pancreatitis 3

3 17/M Sz 120/ 90 Sepsis Tbc peritonitis 2

4 82/F Mental change 160/ 90 Sepsis 15

5 66/F Mental change 160/ 90 Sepsis 13

6 47/F Sz 150/100 Ductal carcinoma 3

7 36/M Sz 165/113 Metastatic carcinoma 4

8 39/F Sz 150/100 Urethral adenocarcinoma s/p cisplatin chemo 3

9 32/M Sz, Mental change 120/ 80 aSAH Pancreatitis 9

10 42/M Sz 200/100 HTN Alcoholic fatty liver 3

11 12/M HA 130/ 80 - 2

12 82/F Sz 190/ 70 Cecal adenocarcinoma s/p oxaliplatin
chemo 2

13 34/F Sz, HA 150/100 Eclampsia 3

14 83/F Sz 150/100 NPH 8

15 47/F Sz 180/ 90 HTN, CRF 3

16 43/F HA, Blurred vision 160/ 80 Behcet Ds, Pemphigus vulgaris s/p cyclosporine-A chemo 14

chemo= chemotherapeutic medications; CRF= chronic renal failure; Ds= disease; F= female; HA= headache; HTN= hypertension; M= male; 
NPH= normal pressure hydrocephalus; PRES= posterior reversible encephalopathy syndrome; aSAH= aneurysm subarachnoid hemorrhage; 
s/p= status post; Sz= seizure; Tbc= tuberculosis.

Table 1. Demographics and clinical characteristics of 16 patients with PRES

roradiologists for identification of various anatomical 

regions and atypical features of PRES (Fig. 1).

RESULTS

Clinical findings

We identified 16 patients (10 females and 6 males). 

Mean age at presentation was 47 ± 21.6 years (range, 

12-83). The most common clinical presentation was 

seizure, observed in 12 patients (75%) including 10 

patients (83.3%) with generalized tonic-clonic seizures, 

and 2 patients (16.7%) with partial seizures. Other 

clinical presentations included decreased conscious-

ness in 3 patients (18.8%), severe headache in 4 (25%), 

and visual disturbances in 2 (12.5%). Comorbid con-

ditions included hypertension (n = 4, 25%), cytotoxic 

medications (n = 3, 18.8%), sepsis (n = 4, 25%), malig-

nancy (n = 4, 25%), subarachnoid hemorrhage (n = 1, 

6.3%), autoimmune disorders (n = 1, 6.3%), and 

eclampsia (n = 1, 6.3%). Thirteen patients (81.3%) had 

acute hypertension. Of these, 4 patients had known 

preexisting hypertension. Mean peak systolic blood 

pressure at symptom onset was 159.7 (range, 120-200) 

and diastolic was 94.6 mmHg (range, 80-130). 

Malignancy was present in 4 (25%) patients and in-

cluded invasive ductal carcinoma, metastatic carcinoma, 

urethral adenocarcinoma, and cecal adenocarcinoma. 

Two of these patients had received chemotherapy. One 

of these 2 patients had urethral adenocarcinoma treated 

with cisplatin; the other had cecal adenocarcinoma 

treated with 5-fluoruracil/oxaliplatin. The patient with 

Behcet disease and pemphigus vulgaris was treated 

with cyclosporine-A. 

Radiological findings

All patients underwent initial neuroimaging with ei-

ther brain CT scan (n = 5) or MRI (n = 11). Several 

topographic MR imaging patterns of PRES have been 

described (Fig. 1).4) Bilateral cerebral subcortical white 

matter involvement was observed in all patients. 

Parietal lobe involvement was observed in 13 (81.3%) 
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Location No. of cases (%)

Parietal lobe 13  (81.3)

Occipital lobe 13  (81.3)

Frontal lobe 7  (43.8)

Temporal lobe 2  (12.5)

Cerebellum 2  (12.5)

Brain stem 3  (18.8)

Thalamus 3  (18.8)

Basal ganglia 4  (25)

Diffusion-weighted imaging 11 (100)

Hypo-or isointensity 9  (81.8)

Hyperintensity 2  (18.2)

Apparent diffusion coefficient map 11 (100)

Isointensity 1  ( 9.1)

Hyperintensity 10  (90.9)

Hemorrhages 2  (12.5)

Table 2. Radiological spectrum of lesion distribution of 16 patients with PRES

patients, occipital in 13 (81.3%), frontal in 7 (43.8%), 

and temporal in 2 (12.5%). The cerebellum was in-

volved in 2 (12.5%) patients, brain stem in 3 (18.8%), 

thalamus in 3 (18.8%), and basal ganglia in 4 (25%). 

Eleven patients (68.8%) underwent diffusion-weighted 

imaging (DWI) and ADC mapping. Among them, 9 

patients (81.8%) had hypo- or isointensity on DWI. 

On the ADC map, 10 patients (90.9%) had hyper-

intensity, and the other had normal values. Two pa-

tients had intracranial hemorrhage. The radiological 

spectrum of lesion distribution of 16 patients with 

PRES was described in Table 2. 

Treatment

We performed symptomatic treatment and control 

of the causative factors. Corrections of severe hyper-

tension, treatment of seizure, and removal or reduc-

tion of causative medications are mandatory. 

Hypertension was treated with intravenous anti-

hypertensive drug, usually nicardipine or labetalol. In 

patients with presenting seizure or decreased con-

sciousness were treated antiepileptic drugs. We usu-

ally prefer to use intravenous antiepileptic drugs 

(benzodiazepines, valproate or levetiracetam). 

There were 2 patients with PRES related to 

chemotherapy. One of these patients had urethral ad-

enocarcinoma treated with cisplatin. She developed 

seizures after 3 cycles of chemotherapy. Following ad-

ministration of antiepileptic and antihypertensive 

drugs, her neurologic symptoms recovered fully 3 

days later. After dose reduction of cisplatin, she tol-

erated the remaining cycles of chemotherapy. 

In the patient with Behcet disease and pemphigus 

vulgaris, cyclosporine-A was administered for 6 days 

before the onset of neurologic symptoms. Her symp-

toms improved 1 week after the control of hyper-

tension and discontinuation of cyclosporine-A (case 16). 

Clinical recovery occurred within a mean duration 

of 5.7 ± 4.6 days (range, 2-15). Clinical characteristics 

in 16 patients with PRES are described in Table 1.

DISCUSSION

A unique pattern of brain vasogenic edema seen in 

the setting of neurotoxicity has been recognized as 

PRES associated with eclampsia, cyclosporine after or-

gan transplantation, and severe hypertension.35) 

However, the mechanism involved in development of 

PRES is uncertain. Although several theories are pro-

posed, the one having the widest acceptance suggests 

that rapid development of hypertension results in 
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Fig. 2. A 43-year old female treated with cyclosporine-A 
(Patient 16). An axial computed tomography scan at onset 
shows low density at parieto-occipital lobes (A). Axial magnetic 
resonance imaging (MRI) shows a diffuse high-signal intensity 
lesion on fluid-attenuated inversion recovery MRI (B, C) and the 
apparent diffusion coefficient map (D, E) at the bilateral parie-
to-occipital lobes and basal ganglia. Diffusion weighted imaging 
shows lesions with iso and hypointensity (F) in the same 
distribution.

malfunction of cerebral autoregulation, with the pos-

terior head region being particularly affected (where 

fewer sympathetic innervations occur), followed by 

hyperperfusion with extravasation of protein and flu-

id, resulting in development of focal vasogenic 

edema.16)26)30) An alternative theory, associated primarily 

with preeclampsia, eclampsia, and sepsis, suggests in-

volvement of endothelial dysfunction.2)10) Another theo-

ry implicates vasospasm with subsequent ischemia.23)33) 

PRES without hypertension is reported in 20-40% of 

patients.4-6) In the majority of cases, although hyper-

tension (moderate to severe) is present, reported 

blood pressure at neurotoxicity does not reach the 

limit of autoregulation.3)4) In addition, several recent 

studies report that patients with severe hypertension 

showed less vasogenic edema than normotensive 

patients. This result would be unexpected if the mech-

anism of PRES was severe hypertension with failed 

autoregulation.3)5) The majority of our patients (82.3%) 

showed acute elevation of blood pressure. 

Considering the common major conditions associated 

with development of PRES, such as transplantation, 

autoimmune disease, preeclampsia/eclampsia, cancer 

chemotherapy, infection and sepsis, some degree of en-

dothelial injury appears to be a consistent finding.4)10) 

In our study, PRES was observed in association with 

a wide range of disorders and predisposing con-

ditions, ranging from hypertension, eclampsia to sep-

sis, subarachnoid hemorrhage, and exposure to cyto-

toxic drugs as well as Behcet diseases. 

Association of high-dose multidrug cytotoxic chemo-

therapy with PRES, particularly in children with leu-

kemia, has also been reported.9) In additionally, PRES 

has been reported in association with the following 

chemotherapeutic drugs: cytarabine, cisplatin, gemci-

tabine, and bevacizumab.14)17) Symptoms may occur 

over a period of several days although may only be 

observed in an acute setting. In our series, 2 patients 

received chemotherapy for malignancy. One of these 

patients had urethral adenocarcinoma treated with 

cisplatin. After dose reduction of cisplatin, she tol-

erated the remaining cycles of chemotherapy. The pa-

tient with Bechet disease and pemphigus vulgaris was 

treated with cyclosporine-A. Her symptoms improved 1 

week after the control of hypertension and discontinua-

tion of cyclosporine-A (case 16) (Fig. 2). Cyclosporine-A 

can affect vascular endothelium, cause disruption of the 

blood-brain barrier, and increase arterial blood 

pressure.21)29) When such complications occur, the of-

fending drug should be withdrawn immediately. 

Generalized seizure is a common occurrence in pa-

tients with PRES (80-90%).16)20) Seizure is related to 
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the location of the focal brain abnormality that pro-

vokes an epileptic focus, because locations associated 

with PRES occur most often in parieto-occipital lobes.

On radiological finding, PRES typically presents as 

vasogenic edema, most often involving the posterior 

white matter of the cerebral hemispheres, particularly 

the bilateral parieto-occipital lobes, usually without 

involvement of the calcarine and paramedian occipi-

tal-lobe.16) DWI can be helpful in identification of cy-

totoxic or vasogenic edema and evaluation of the po-

tential for occurrence of complications such as ische-

mia or infarction.1)13)18)28) Vasogenic edema typically 

shows iso or hypointensity in DWI and hyperintensity 

on the ADC map, and cytotoxic edema shows hyper-

intensity on DWI and hypointensity on the ADC 

map.24)29) In our series, 11 patients (68.8%) underwent 

DWI and ADC mapping. Among them, 9 patients 

(81.8%) had hypo- or isointensity on DWI. On the 

ADC map, 10 patients (90.9%) had hyperintensity, 

and the other had normal values. This pattern is con-

sistent with vasogenic edema. Although the parietal 

and occipital lobes are primarily involved, other cere-

bral structures are often affected. Atypical manifes-

tations include brainstem variant or involvement of 

the frontal lobes, basal ganglia, brainstem, and deep 

cerebral white matter, with minimal high signal in-

tensity on the parieto-occipital lobes (Fig. 1).1)19) 

However, frequent frontal lobe involvement, rather 

than atypical localization, has recently been described. 

Therefore, the hypothesis of less sympathetic in-

nervation of arterioles supplied by the vertebrobasi-

lary system, compared with the anterior circulation, 

which presumably protects the brain from sudden 

significant increases in intravascular pressure, is not 

completely accurate.12) We frequently observed these 

atypical imaging presentations in our patients, espe-

cially in those with frontal lobe involvement, ob-

served in 43.8% of patients.

  Treatment of elevated blood pressure is regarded 

as being essential in management of PRES. The gen-

eral goal of treatment is to decrease the mean blood 

pressure to that of premorbid levels. A neurocritical 

care unit, which allows for close consultation with 

other specialties according to the underlying systemic 

condition, is considered the best setting for manage-

ment of PRES. In treatment of PRES, there are several 

important considerations: (1) elimination or reduction 

of the causative drug, (2) aggressive management of 

blood pressure in patients with hypertension, (3) 

treatment of seizures and status epilepticus, and (4) 

possible delivery by cesarean section for pregnant 

women who exhibit refractory symptoms.31) Prompt 

administration of adequate treatment will usually re-

sult in complete reversal of PRES within several days 

to several weeks.16)20) In our studies, the mean clinical 

recovery period was 5.7 ± 4.6 days (range, 2-15). 

Of particular importance, reversal of PRES does not 

occur spontaneously. In addition, delayed diagnosis 

and treatment may result in permanent damage to af-

fected areas of the brain.8) Ischemia is a major compli-

cation of PRES, and characteristically occurs in the 

posterior border zone between the territories of the 

middle and posterior cerebral arteries.8) Delay of diag-

nosis and treatment can result in permanent damage 

to affected brain tissues. 

Several limitations of our study should be consid-

ered, most of which are inherent to retrospective 

studies in general. Patient enrollment was initially 

based on a search of radiology reports; therefore, 

some cases may have been missed.

CONCLUSION

We suggest that PRES can occur in patients with 

complex systemic conditions. The prognosis of PRES 

is usually benign. Although it is a well-known con-

dition among neuroradiologists, many physicians 

working in critical areas are still not familiar with 

PRES. Physicians should be aware of atypical radio-

logical findings to avoid a delayed diagnosis of PRES, 

as delayed diagnosis and treatment can result in per-

manent neurological sequlae. 
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