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ABSTRACT

Aim: The aim of this study was to describe the ahbtaristics of Posterior Reversible
Encephalopathy Syndrome (PRES) in infants and yatmiglren (< 6 years) and to compare
them with the older pediatric population affectgdRRES.

Methods: we retrospectively reviewed records of ¢ildren (0-17 years) diagnosed with PRES
from 2000 to 2018 in 6 referral paediatric hospital Italy. The clinical, radiological and EEG
features, as well as intensive care unit (ICU) adion rate and outcome of children aged <6
years were compared to those of older children7(6/&ars). Factors associated with ICU
admission in the whole paediatric cohort with PRESe also evaluated.

Results: Twenty-nine patients younger than 6 y€26860) were enrolled with a median age at
onset of PRES of 4 years (range: 6 months — 5 ydapdeptic seizures were the most frequent
presentation at the disease onset (27/29 patiedteus epilepticus (SE) was observed in 21/29
patients: in detail, 11 developed convulsive SE Hdgresented nonconvulsive SE (NCSE). SE
was more frequent in children < 6 years comparet wider children (72% vs 45% ) as well as

NCSE (35% vs 10%). Seventeen children aged < Gyeguired ICU admission. Prevalence of

ICU admissions was higher within younger populattompared to older (59% vs 37%). In the

whole study population SE was significantly ass@clavith ICU admission (p=0.001).

Conclusions: PRES in children < 6 years differarfrolder children in clinical presentation
suggesting a more severe presentation at younger ag



1. INTRODUCTION

Posterior reversible encephalopathy syndrome (PRESElinical and neuroradiologic entity that is
becoming increasingly well documented in pediat(igs PRES is usually diagnosed in association
with other clinical conditions, namely infectiorejtoimmune, renal, oncological or hematological
disorders and after transplantation. Its incidemselargely unknown; however, in selected
populations such as transplanted children it isoneg ranging from 1 to 10% (1). PRES is
characterized by a variable association of seizuneadache, altered mental status and visual
disturbances, as well as imaging suggesting whag-gnatter edema involving the posterior
regions of the central nervous system in most cés8s Although PRES is typically considered to
have a benign clinical outcome, the presentatioRPRES can be associated with life-threatening
complications (3,4). The pathogenesis of PRES ienbrely clarified, but it has been etiologically
related to many different causes, most commonlyesloypertension, the use of immunosuppressive
agents inducing endothelial damage, pre-eclampsaipsia, cancer and renal disorders (5,6).
Although some studies evaluated the characteriefiRES in the pediatric population (7-9), few
cases of children < 6 years have been reportepaitiicular there is no study specifically focused
on the evaluation of the clinical and radiologichéracteristics of young children affected by PRES
and on their long-term outcome.

The aim of this study is to describe clinical arelmoradiological characteristics of infants and
young children with PRES and to compare them whih ¢lder pediatric population affected by
PRES for the identification of any age-relatedetiinces.



2. METHODS

2.1 Patients

We retrospectively reviewed records of 111 child(@sl7 years) diagnosed with PRES from
2000 to 2018 in 6 referrals paediatric hospital$taty (Bologna, Brescia, Padova, Pavia, Pisa,
Roma).

In each hospital, patients were identified by elmttal database query.

Inclusion criteria were:

- diagnosis of PRES established on the basis ofdlypieuroimaging finding of vasogenic
edema associated with at least one classical alisign and symptom including seizures,
headache, visual disturbance and mental statugeban

- Age <18 years

The study was approved by the local Ethics commif813/2017/0/0Oss). The requirement for
informed consent was waived by the board

2.2 Evaluation

The clinical, radiological and EEG features of dhein with PRES aged <6 years were evaluated,
as well as intensive care unit (ICU) admission eatd outcome and compared to those of older
children (aged 6-17 years) with PRES. We collectath regarding demographics, underlying
diseases and risk factors. Hypertension was defaisedystolic blood pressure and/or diastolic
blood pressure95th percentile. Status epilepticus (SE) was ddfee30 minutes of continuous
seizure activity; nonconvulsive SE (NCSE) was dafinusing clinical and EEG criteria (10).
During the study period EEG practice in our insitas was to record as early as possible after
the onset of alteration of mental status or otherological signs or symptoms. Serial EEGs
were performed in the cases of detection of abnlitiesaduring the first recording. When
antiepileptic therapy was administered for seizagtvity or SE, EEG was continued until the
end of the seizure to monitor the effects of trematitn Our imaging practice was to perform
urgent neuroimaging (usually CT scan) in the cddeaal neurological signs and/or prolonged
alteration of consciousness and/or unexplainedusssz Brain magnetic resonance imaging
(MRI) was performed as early as possible over tilowing days or as first neuroimaging
evaluation when rapidly available. MRI techniquesluded fast spin echo (FSE) and fluid
attenuated inversion recovery (FLAIR) T2 weightethges, pre- and post-contrast T1 weighted
images, gradient-echo (GE) T2 weighted images aifidistbn weighted images (DWI).
Localization of edema was evaluated. All patiergd h follow-up period of at least 2 years and
data regarding outcome and long-term complicat{epgepsy, permanent neurological deficits)
were collected.

2.3 Statistical analysis

Statistical analyses were performed using IBM SB&fistics v 20.0.0 (Armonk, NYC, US).
Differences between groups (i.e. study center,gagep, etc.) in terms of categorical variables were
evaluated using the Fisher exact test. In ordetantify factors related to ICU admission, an
analysis linking ICU admission to clinical variabjéreatment, imaging findings, and study center
was performed using the Fisher exact teéstalues were corrected using Simes’ meth@d/élues)

to control for false discovery rate related to nplédt testing. The significance level was set at 5%.



3. RESULTS

3.1 Patients demographicsand risk factorsfor PRES

A total of 111 patients with PRES were identifiedit of them, 29 patients (26%) were aged <6
years. In Table 1 characteristics concerning deapiucs, underlying diseases, risk factors for
PRES, clinical presentation, EEG, neuroimaginguiesst, evolution and outcome are reported.

The underlying disease included oncological diseimse&’3/111 cases (20 aged < 6 years),

haematological non-oncological disease in 22/15k£46 < 6 years), autoimmune disease in 8/111
cases (2 < 6 years) and kidney disease in 7/11ltirehi (1 aged < 6 years). Details about

underlying diseases are shown in Table 2. Hypedensas the most common risk factor (83/111

patients, 23 < 6 years) followed by chemothera@/1(b1 patients, 16 < 6 years). Sixty patients

developed PRES after transplantation, of whom 1l aged less than 6 years .

Statistical comparison of preschool children ardkolchildren showed no significant difference
in gender, underlying disease and risk factors eetngroups (Table 1).

3.2 Clinical presentation

Epileptic seizures were the clinical presentationha onset in 105/111 children. In particular
27/29 patients aged less than 6 years presentbdseizures (93%). SE was observed in 58/111
patients (21 aged < 6 years): 40 with convulsiveaBf 18 with NCSE (11 and 10 in children
aged < 6 years, respectively). SE was more frequechildren < 6 years compared with older
children (72% vs 45% ) as well as NCSE (35% vs 1Q%@ntal status changes not related to
epileptic seizures were signalled in 26/111 pasi€h0 patients < 6 years) while 14/111 patients
presented visual disturbances (5 patients < 6 yeard 7/111 patients reported headache (4
patients < 6 years).

3.3 Neuroimaging and EEG
Neuroimaging showed supratentorial involvementlid Al children.

Parietal lobe was involved in 82/111 patients (@2atients < 6 years), occipital lobe in 76/111
patients (22 in patients < 6 years), frontal labd®/111 patients (9 in patients < 6 years), te@por
lobe in 35/111 patients (8 in patients < 6 years).

Infratentorial involvement was documented in 17/thildren of whom 6 were aged < 6 years. In
detail, cerebellum was involved in 17/111 child(énin patients < 6 years) and brainstem in only 1
child aged < 6 year.

Compared with older population, infratentorial ilhx@ment in neuroimaging was more frequent
in younger children (21% vs 13%), even if this eliince was not statistically significant. EEG
was performed in 105/111 patients: ictal abnormesaliwere recorded in 34/105 patients, of
whom 14 < 6 years. We observed EEG slowing in tretguior regions in 65/105 (12 in patients
<6 years) and periodic lateralized epileptiformctierges (PLEDSs) in 6/105 (2 in patients <6
years). In only 2 patients EEG was normal. In aes of NCSE, EEG showed continuous or
near-continuous rhythmic epileptic discharges i® thosterior regions. EEG results are
summarized in Table 3.

3.4 1CU admission and outcome
Forty-seven children (17 < 6 years) required adimmst® intensive care unit (ICU).

Prevalence of ICU admissions was higher among yeuaolildren compared to older (59% vs
37%), although this difference failed to achievatistical significance (Figure 1). Considering



the whole study population, SE and in particulanwtgsive SE were significantly associated
with ICU admission. In Table 4 we summarize factoydCU admission.

Concerning long-term outcome, 37/111 children dladng the follow-up period; out of them 9
were aged <6 years and only in 1 case death wasedadirectly by PRES (cerebral
haemorrhage). Moreover, 7/111 children (3 agedyeds) developed epilepsy after PRES and 2
children, both aged < 6 years, presented permaremblogical deficits at last follow-up. None
of these children presented any disease other BREBS predisposing to epilepsy and/or
neurological deficits.

Mortality rate did not significantly differ betwegmeschool and older children.

4. DISCUSSION

This study is the first attempt to investigate thatures of PRES in infants and young children. In
our large multicentric series, 29 out of 111 peadigpatients with PRES (26 %) were aged < 6
years. Although some authors found relevant cliraca radiological differences between pediatric
and adult PRES patients (7,8), no studies haves&mtiso far on young children and compared
clinical and radiologic presentation between yourayed older subgroups of children. A study on
children with renal disorders (11) found that yoeinghildren with PRES were more prone to
severe neurological symptoms, due to the greaterrnence of seizures, but there were no patients
under the age of 5. Moreover, only few case repoescribed PRES in infants (12,13). In our
pediatric population, PRES in children < 6 yeafffeded from PRES occurring in older children in
clinical presentation and severity: a differenceswlacumented in the rate of SE, NCSE and in the
need of ICU admission.

SE and especially NCSE were more frequent in yousb#édren. Seizures and SE are common
presenting signs of PRES in children and some esudiport high frequency of seizures and SE in
the pediatric population (14). Interestingly, Yaraagt al. reported an increased susceptibility to
seizures in younger children with PRES (11). Thghér frequency of SE and NCSE in younger
children detected in our study may be due to a reevere neurotoxicity related to the permeability
of the immature blood-brain barrier (15) and/oatoincreased susceptibility to seizures and SE in
the developing brain (16). EEG is mandatory foroarect diagnosis and management of NCSE.
Based on our results, we underline that EEG mangas a fundamental tool to properly diagnose
and treat NCSE particularly in younger childrenhadefinite or suspected PRES.

In our experience, infratentorial involvement wasrenfrequent in younger children. A few case
series studies investigated the differences imbedema location found in children respect to adult
patients. In keeping with our results these autsbmved that infratentorial involvement was more
common in children (8, 17). Little sympathetic investion of the posterior circulation has been
proposed as a possible explanation of the moreuémtgposterior region involvement (18).
Infratentorial involvement of PRES can predispas@dtential life-threatening complications such
as cerebellar herniation that require a correct @notnpt diagnosis and treatment (3). Hence, we
suggest that the execution of an urgent neuroingagfidy has to be considered in all children with
signs and symptoms fitting with PRES.

In infants and young children with PRES we obserdugher rate of ICU admissions suggesting a
more severe presentation at younger age. Of mmeg;term complications were more frequent in
young children and the only 2 patients that presgpiermanent neurological deficits at follow-up

experienced PRES in the first years of life. Soawdrs could favor a more severe clinical course
in younger patients with PRES: autoregulatory reaspamproves with increasing age and maturity
of the brain region, and immature brain is morecspsble to vasoconstriction during hypertension
(19); moreover, exposure to calcineurin inhibitéraayoung age could result in much severe
neurotoxicity due to a more permeable blood—bramiér allowing PRES - mediating circulating



substances to induce endothelial damage (8,15Ww&Esignificantly associated to ICU admission
in our paediatric population, largely explaining tincreased rate of ICU admission in younger
children. SE is a frequent indication for ICU adsms in PRES patients as documented by Legriel
et al (20) who observed SE in 44% of all adultgmats admitted to the ICU for severe PRES. These
data suggest that a prompt diagnosis and treatofesgizures and SE is needed in children with
PRES and that prolonged EEG monitoring is an iretispble tool in this setting to avoid
underdiagnosis and delayed interventions.

The main limitation of this study is its retrospeet design. Moreover, we considered mainly
oncological and transplanted patients.

5. Conclusion

To the best of our knowledge, this is the firstdst investigating the peculiar picture of PRES in
the preschool age. PRES in children < 6 years rdifie clinical presentation and neuroimaging
features suggesting a more severe presentatioousiggr age. A careful monitoring of clinical,
EEG and neuroimaging evolution is required to priypmanage these children.
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Table 1 Clinical features and outcome in younger androttddren with PRES

All Patients Patients < 6 years  Patients> 6 years e
(111) (29) (82)
Patients demographics
Gender (male) 67 (60%) 19 (65%) 48 (58%) 1.000
Median age (range) 8 (0-17y) 4(0-5y) 10 (6-17 y)
Underlying diseases
Oncological disease 73 (66%) 20 (69%) 53 (65%) 1.000
Hematologic non oncological 22 (20%) 6 (21%) 16 (19%) 1.000
Kidney disease 8 (7%) 1(3%) 7 (8%) 1.000
Autoimmune disease 7(6%) 2 (7%) 5 (6%) 1.000
Infectious disease 1(1%) 0 1 (1%) 1.000
Risk factorsfor PRES
Transplantation 60 (54%) 15 (52%) 45 (55%) 1.000
Chemotherapy 58 (52%) 16 (55%) 42 (51%) 1.000
Calcineurin Inhibitors 57 (51%) 12 (41%) 45 (55%) 1.000
Steroids 52 (47%) 14 (48%) 38 (46%) 1.000
Hypertension 83 (75%) 23 (79%) 60 (73%) 1.000
Toxic Etiology 95 (86%) 26 (90%) 69 (84%) 1.000
Clinical presentation
St 105 (95%) 27 (93%) 78 (95%) 1.000
£ 58 (52%) 21 (72%) 37 (45%) 0.196
Convulsive SE 40 (36%) 11 (38%) 29 (35%) 1.000
NCSE 18 (16%) 10 (35%) 8 (10%) 0.138
Neur oimaging
Infratentorial Involvement 17 (15%) 6 (21%) 11 (13%) 1.000
Evolution and long-ter m outcome
cu 47 (42%) 17 (59%) 30 (37%) 0.311
— 37 (33%) 9 (31%) 28 (34%) 1.000
for PRES 3 (3%) 1(3%) 2 (2%) 1.000
Long-term complications 9 (12%) 5 (25%) 4 (7%) 0.311
Epilepsy 7 (9%) 3 (15%) 4 (7%) 1.000
2 (3%) 2 (10%) 0 0.322

Permanent neurological deficits

ICU, Intensive Care Unit; NCSE, Non-Convulsive 8&Epilepticus; PRES, Posterior Reversible Enceyplagihy Syndrome; SE, Status Epilecticus




Table 2Underlying diseases in younger and older childvéh PRES

All Patients Patients < 6 years Patients> 6 years
Underlying disease
(1112) (29) (82)
Oncological disease 73 (66%) 20 (69%) 53 (65%)
Leukemia 58 (52%) 16 (55%) 42 (51%)
Myelodysplasia 3 (3%) 0 3 (4%)
Neuroblastoma 3 (3%) 2 (7%) 1 (1%)
Non-Hodgkin lymphoma 3 (3%) 0 3 (4%)
Hodgkin lymphoma 2 (2%) 0 2 (2%)
Medulloblastoma 1(1%) 1 (3%) 0
Nasopharyngeal carcinoma 1 (1%) 0 1 (1%)
Wilms’ tumor 1 (1%) 1 (3%) 0
Rhabdomyosarcoma 1 (1%) 0 1 (1%)
Hematologic non oncological 22 (20%) 6 (21%) 16%)9
Thalassemia 8 (7%) 2 (7%) 6 (7%)
Sickle cell disease 5 (5%) 1 (3%) 4 (5%)
Anemia 5 (5%) 1 (3%) 4 (5%)
Immunodeficiency disorders 2 (2%) 2 (7%) 0
Lymphohistiocytosis 2 (2%) 0 2 (2%)
Kidney disease 8 (7%) 1 (3%) 7 (8%)
Nephotic syndrome 4 (4%) 0 4 (5%)
Kidney malformation 1 (1%) 1 (3%) 0
Acute renal failure 1 (1%) 0 1 (1%)
Lupus nephritis 1 (1%) 0 1 (1%)
Alport syndrome 1 (1%) 0 1 (1%)
Autoimmune disease 7 (6%) 2 (7%) 5 (6%)
Systemic Lupus Erythemtaosus 3 (3%) 0 (498)
Rheumatoid arthritis 3 (3%) 2 1 (1%)
Dilatative cardiomyopathy 1 (1%) 0 1 (1%
Infectious disease 1 (1%) 0 1 (1%)




Table 3EEG features in younger and older children with BRE

All Patients Patients < 6 years Patients> 6 years
=G (105/111) (28/29) (77/82)
Ictal 34 (32%) 14 (50%) 20 (26%)
Non-ictal 71 (70%) 14 (50%) 59 (77%)
Posterior slowing 65 (62%) 12 (43%) 53 (69%)
PLEDs 6 (6%) 2 (7%) 4 (5%)
Normal 2 (2%) 0 2 (3%)




Table 4Clinical features of children admitted to ICl

Pﬁtilnts ICU admission No ICU admission Qe
. (47) (64)

Patients demographics
Gender (male) 67 (60%) 29 (62%) 38 (59%) 1.000
Age (< 6 years) 29 (26%) 17 (36%) 12 (19%) 0.300
Underlying diseases
Oncological disease 73 (66%) 32 (68%) 41 (64%) 1.000
Hematologic non oncological disease 22 (20%) 7 (15%) 15 (23%) 0.995
Kidney disease 8 (7%) 5 (11%) 3 (5%) 0.995
Autoimmune disease 7 (6%) 2 (4%) 5 (8%) 1.000
Infectious disease 1(1%) 0 1 (2%) 1.000
Risk factorsfor PRES
Transplantation 60 (54%) 25 (53%) 35 (55%) 1.000
Chemotherapy 58 (52%) 27 (57%) 31 (48%) 0.995
Calcineurin Inhibitors 57 (51%) 24 (51%) 33 (52%) 1.000
Steroids 52 (47%) 23 (49%) 29 (45%) 1.000
Hypertension 83 (75%) 37 (79%) 46 (72%) 1.000
Toxic Etiology 95 (86%) 40 (85%) 55 (86%) 1.000
Clinical presentation
Seizure 105 (95%) 44 (94%) 61 (95%) 1.000
. 58 (52%) 38 (81%) 20 (31%) <0.001

Convulsive SE 40 (36%) 27 (57%) 13 (20%) 0.001

NCSE 18 (16%) 11 (23%) 7 (11%) 0526
Neur oimaging
Infratentorial Involvement 17 (15%) 9 (19%) 8 (13%) 0.995

ICU, Intensive Care Unit; NCSE, Non-Convulsive S8&Epilepticus; PRES, Posterior Reversible Enceyplagthy Syndrome; SE, Status Epilecticus




FIGURE 1

Title: Age-related admission to ICU
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SE and NCSE are more frequent in children with PRES aged < 6 years
Prevalence of ICU admissions was increased among younger PRES population
SE and age < 6 years were associated with ICU admission

Careful monitoring of clinical, EEG and neuroimaging evolution is required
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