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Abstract
Objective

Posterior reversible encephalopathy syndrome (PRES) is characterized
by typical radiologic findings in the posterior regions of the cerebral
hemispheres and cerebellum. The symptoms include headache, nausea,
vomiting, visual disturbances, focal neurologic deficits, and seizures. The
aim of this study is to evaluate the clinical and radiological features of
PRES in children and to emphasize the recognition of atypical features.

Materials & Methods

We retrospectively examined 23 children with PRES from Mar 2010-
Apr 2015 in Inonu University Turgut Ozal Medical Center in Turkey. We
compared the clinical features and cranial MRI findings between underlying
diseases of PRES.

Results

The most common precipitating factors were hypertension (78.2%) and
medications, namely immunosuppressive and antineoplastic agents
(60.8%). Manifestations included mental changes (100%), seizures
(95.6%), headache (60.8%), and visual disturbances (21.7%) of mean 3.6
(range 1-10) days’ duration. Cranial magnetic resonance imaging (MRI)
showed bilateral occipital lesions in all patients, associated in 82.6% with
less typical distribution of lesions in frontal, temporal or parietal lobes,
cerebellum, corpus callosum, basal ganglia, thalamus, and brain stem.
Frontal involvement was predominant, observed in 56.5% of patients.
Clinical recovery was followed by radiologic resolution in all patients.

Conclusion

PRES is often unsuspected by the clinician, thus radiologists may be
the first to suggest this diagnosis on an MRI obtained for seizures or
encephalopathy. Atypical MRI finding is seen quite often. Rapid diagnosis
and treatment are required to avoid a devastating outcome.

Keywords: Children; Posterior reversible encephalopathy syndrome;
Seizure; Atypical radiological finding
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Introduction

Posterior reversible encephalopathy syndrome (PRES)
is a clinico-radiological syndrome defined in 1996.
Clinically, it is characterized by headache, changes in
mental status, seizures, and visual disturbances (1). In
many cases, severe headache is associated with a sud-
den rise in blood pressure (2). Except for hypertensive
encephalopathy, etiology of PRES includes preeclamp-
sia (3,4), sepsis (4), acute glomerulonephritis (5,6), lu-
pus nephritis (7), organ transplantation (8), peritoneal
dialysis (9), usage of cyclosporine A (1), tacrolimus
(10,11), intrathecal methotrexate, cytarabine, dauno-
rubicin, vincristine, and L-asparaginase (12). Although
hypertension is frequent, 20%-30% are normotensive
(10, 13).

Pathogenesis is based on transient changes in the pos-
terior circulation of the brain. Neuro-imaging is im-
portant for diagnosis. Computed tomography (CT)
or magnetic resonance imaging (MRI) reveal diffuse
edema more prominent in the parietal and occipital
lobes bilaterally (4,14). Elimination of the underlying
etiology and regulation of blood pressure are the first
measures in PRES (8,13).

Patients diagnosed and treated rapidly may recover
completely within a few weeks. Due to the lack of spe-
cific clinical symptoms of the syndrome, it can be con-
fused with other clinical diagnoses which may lead to
unnecessary or inappropriate treatments (4,14).

In this study, clinical and radiological findings of
children diagnosed with PRES in our clinics were re-
viewed.

Materials and Methods

We retrospectively analyzed the data of 23 pediatric
patients who received the diagnosis of PRES from Mar
2010-Apr 2015 in various units of Inonu University
Turgut Ozal Medical Center in Turkey: organ and bone
marrow transplantation unit, Pediatric Intensive Care,
Pediatric subspecialty departments of Gastroenterol-
ogy, Oncology, Nephrology, or Rheumatology. Criteria
for inclusion were 1) symptoms and signs compatible
with PRES such as seizures, headache, visual distur-
bances, and altered mental function on a background
of underlying primary disease, and 2) supportive im-
aging findings. Demographic data, clinical findings,
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neurological signs, length of hospital stay, concurrent
medical illnesses, recently used drugs, blood pressure
values during the symptoms, and cranial MRI findings
were recorded. Hypertension was defined as systolic
and/or diastolic blood pressure values higher than the
95% percentile for age (15).

MRI studies were performed on 1.5 Tesla MRI de-
vices (Magnetom; Siemens, Germany). T2-weighted
axial and sagittal, fluid-attenuated inversion recovery
(FLAIR) axial, T1-weighted axial contrast-enhanced
and unenhanced images were taken. Diffusion-weight-
ed images and values were used and ADC maps were
obtained. Cranial MRI was performed on all patients
within the first three days after the onset of neurologi-
cal symptoms. At least one more brain MRI was made
during the follow-up. Two neuroradiologists interpret-
ed all images. Typical MRI findings were defined as
hyperintensity in subcortical white matter on T2A and
FLAIR images and increase in ADC values in the pos-
terior parietal, occipital, and temporal areas. Atypical
MRI findings were defined as frontal lobe, brain stem,
and cerebellar involvements, cytotoxic edema, hemor-
rhage, and contrast enhancement.

This study was performed with approval from the In-
stitutional Review Board of Inonu University Research
Council.

Results

There were 23 children aged 1-16 (mean 7.8) yr, 13
boys, and 10 girls. Demographic and clinical data are
summarized in Table 1. Among underlying primary dis-
eases, malignancies (7/23), liver transplantation (7/23),
and chronic renal diseases (3/23 chronic renal failure,
1/23 membranoproliferative glomerulonephritis, 1/23
lupus nephritis, 1/23 nephrotic syndrome), were most
common (Table 1). Hypertension was the triggering
factor in 78.2% of the cases, followed by immunosup-
pressive and antineoplastic agents (55.5%), liver trans-
plantation (22.2%), and peritoneal dialysis (16.6%).
Clinical signs suggesting the diagnosis of PRES: leth-
argy, confusion, coma, and encephalopathy were ob-
served in all cases. Other clinical signs were seizures
(95.6%), headache (60.8%), and visual impairment
(21.7%). Seizure types were generalized (67.6%), par-
tial (24.6%) or secondary generalized (7.8%).
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Cranial imaging and EEG findings, clinical course, and
antiepileptic drugs are summarized in Table 2. Cra-
nial CT was performed in 16 patients: of these, four
(25%) showed hypodense areas in posterior brain re-
gions and hemispheres. Cranial MRI was performed
at diagnosis in all, and on follow-up in 17 patients.
Initial MRIs of all patients showed bilateral symmet-
ric hyperintense lesions in occipital subcortical white
matter on T2-weighted and FLAIR sequences, and hy-

pointense lesions and vasogenic edema on T1-weighted
images (Figures 1,2). In addition, frontal (13/23), pa-
rietal (12/23) and temporal (7/23) lobe involvements
followed by cerebellum (6/23), basal ganglia (5/23),
corpus callosum (7/23), brainstem (2/23), insular cor-
tex (1/23), and thalamus (3/23) were observed. Lesions
compatible with cytotoxic edema (11/23), contrast en-
hancement (1/23), and bleeding (3/23) were associated
in certain cases (Table 2).

Figure 1: 16-year old girl after liver transplantation (patient 9). Axial MR images a. (T2-weighted) and b. and c. (fluid- attenuated
inversion recovery) demonstrate edema in the occipital lobes and cerebellum. Diffusion-weighted images d. with b-1000 and e.
with apparent diffusion coefficient (ADC) demonstrate increased diffusion in the occipital lobes. After 3 months of treatment,
axial MR images f. and g. and ADC h. show normal findings.

Figure 2. 4-year old boy after liver transplantation (patient 1). Axial MR image a. (fluid attenuation inversion re-

covery) demonstrates involvement of bilateral globus pallidi and frontal and occipital lobes. Diffusion-weighted

images b. with b-1000 and c. with apparent diffusion coefficient demonstrate decreased diffusion in the occipital
lobes and globus pallidus.
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Patients stayed in the pediatric intensive care unit for
mean 16.2 (1-120) days. The mean duration of acute
encephalopathy was 3.6 (1-10) days. Hypertensive pa-
tients were treated with nifedipine, amlodipine, vera-
pamil, captopril, enalapril, furosemide, or losartan.
Potential causative drugs such as tacrolimus, cyclospo-
rine, cyclophosphamide, cisplatin, vincristine, L-aspar-
aginase were discontinued. Eighteen patients had a fol-
low-up cranial MRI performed within 2-12 wk (mean
37.6 d) after the first one. Partial resolution of lesions
was observed in MRIs performed within the first three
weeks, and complete resolution, on those performed at
4 wk or later.

On long-term follow-up, one was lost to follow-up after
discharge. Five patients died during the follow-up: the
cause of death was neoplasm in three, and chronic liver
disease with post-transplant complications in two. No
patients died during the PRES episode. Overall, no cor-
relation was detected between underlying disease and
clinical or radiological findings.

Discussion

PRES may present with visual symptoms suggestive
of posterior cerebral involvement, or with non-specific
symptoms such as generalized or focal seizures, head-
ache, nausea, vomiting, and mental changes. On the
other hand, radiological findings are diagnostic. Mor-
bidity and mortality in PRES may result from status
epilepticus, intracranial hemorrhage or cerebral infarct
(11,14,16,17). The pathophysiology of PRES is ex-
plained by two series of events initiated by hyperten-
sion: arterial spasm resulting in cytotoxic edema par-
ticularly in areas with limited arterial supply, and, more
recently and more widely accepted, cerebral hyperper-
fusion and arterial hydrostatic edema followed by de-
terioration of cerebral autoregulation. In the 25% cases
with normal blood pressure, the scenario is attributed
to vasogenic edema due to various causes (8,11,18-20).
On the other hand, the initiating role of hypertension
can also be discussed, as hypertension can be second-
ary to acute encephalopathy and intracranial pressure.
In our study, the predisposing factors were hyperten-
sion and antineoplastic or immunosuppressive medica-
tions. We had seven post-transplantation cases because
our hospital is a transplantation referral center. The use
of immunosuppressive agents after transplantation is a

Iran J Child Neurol Winter 2018 Vol. 12 No.1

risk factor for PRES. It was detected in 4/40 patients
with liver transplants (21). All our patients with organ
transplantation had radiological findings other than
typical posterior cerebral lesions. The presence of such
radiological findings was not predictive of a specific
course or outcome.

Our rate of atypical MRI findings, 82.6%, is higher than
previously reported: 42.5% of 40 children and 43.8-
58% in adult studies (22-25). Frontal lobe lesions were
predominant. The susceptibility of the anterior cerebral
regions to PRES as much as posterior ones may be re-
lated to the limitation of the anterior cerebral circula-
tion in children, similar to the vertebro-basilar circula-
tion (26). Because frontal involvement is frequent in
any studies including those of the adult age group, the
name of the syndrome as ‘posterior’ appears mislead-
ing. As previously reported, the extent of lesions were
not correlated with the type and severity of clinical
findings in our cases (4).

There is no specific recommendation for the need and
timing for follow-up MRI, but imaging findings may
persist along with triggering factors (16). Lesions had
resolved only partially in our patients (n=9) who had
their follow-up MRI within the first month, and com-
pletely in the others imaged later. The association of
cytotoxic edema was reported with a worse neurologi-
cal outcome (25). We had twelve cases with cytotoxic
edema, of which eight recovered completely. Two pa-
tients had motor deficits due to concomitant intracranial
hemorrhage.

Although this is not the largest series of pediatric PRES,
its strengths lie in its single-center character, the inclu-
sion of a considerable sub-series of transplant patients,
the young age of patients (including two under 2 yr of
age), and in particular, the uniform nature of imaging
procedures, i.e., ADC mapping in all patients and eval-
uate by two neuroradiologists. Its limitations are the
retrospective methodology and the different timing of
follow-up images.

In conclusion, early imaging of at-risk patients for
PRES, longitudinal and frequent imaging during and
after the episode of PRES would be of importance to
establish the hemodynamic changes taking part in the
pathogenesis. However, the critical clinical condition
of these patients often precludes such studies, and retro-
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spective evaluations continue to contribute to the pool
of knowledge in this disorder.
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