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Abstract

Background/Objective: Posterior reversible encephalopathy syndrome (PRES) is a clinical and radiologic entity,
typically manifesting as reversible neurological symptoms and signs of white matter edema on magnetic resonance
imaging. PRES has been widely described in adults. Studies of PRES in children are mostly limited to case series and
case controls.

Methods: Retrospective chart review of patients under 21 years with PRES admitted at a tertiary children’s hospital
from 2011 to 2016. They were compared to controls matched for age and mortality risk using the Pediatric Index of
Mortality-2 score.

Results: Sixteen cases of PRES were identified in 13 patients (ages 5-17 years, 46% male). PRES presented with
altered mental status (75%), seizures (77%), headache (31%), and vision changes (23%). In patients who recovered
(n=11), median days to symptom resolution was three (range 1-8). PRES patients had a higher mortality rate (15%
vs. 5%, p <0.05) and higher mean length of stay (13.1 vs. 4.6 days) and were more likely to have autoimmune disease
(p<0.05), immunosuppression (p < 0.05), and anemia (p < 0.05). No PRES patients were diagnosed with epilepsy by last
known follow-up, and all of whom had been started on an antiepileptic drug were discontinued within 13 months.
Sepsis was suspected in 53% of PRES patients and 59% of controls (p=1.00). All PRES patients had stage Il hyperten-
sion, versus 41% of controls (p <0.05). Average creatinine in PRES was 2.35 mg/dL compared to 0.90 mg/dL in controls
(p<0.05). PRES patients had lower serum calcium (p < 0.05). After correcting for albumin, no association between PRES
and hypocalcemia remained. PRES patients had a higher length of stay (13.1 vs. 4.6 days, p <0.05) and mortality rate
(15% vs. 3%, p<0.05).

Conclusions: Immunosuppression, autoimmune disease, renal insufficiency, anemia, and hypertension are associ-
ated with PRES after controlling for mortality risk in critically ill children. There was no association between corrected
serum calcium and sepsis with PRES.
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Introduction

Posterior reversible encephalopathy syndrome (PRES) was
first described in 1996 as a clinical and radiologic diagno-
sis infrequently encountered in the pediatric population
[1]. Since the first description, its incidence has increased,
although the exact global incidence in both pediatric and
adult populations remains unknown. Although termed
“posterior; imaging abnormalities can occur in any
brain region [2]. Radiographic correlates are best seen as
white matter hyperintensities on T2 and fluid-attenuated
inversion recovery magnetic resonance imaging (MRI)
sequences [1]. The disease classically presents with a com-
bination of altered mental status (AMS), seizures, head-
ache, and visual disturbances and is often precipitated by
a hypertensive crisis. Both clinical and radiographic find-
ings are typically, but not always, reversible. Postulated
pathophysiologic mechanisms include the development of
vasogenic edema secondary to disordered cerebral autoreg-
ulation and endothelial injury [1, 3—8]. Most cases of PRES
are isolated; however, there are case reports of both adult
and pediatric patients with recurrences of PRES [9-12].

The disease typically occurs in patients with renal dis-
ease, autoimmune disorders, leukemia, and other malig-
nancies. PRES can be precipitated by chemotherapy,
hematopoietic stem cell transplant, or immunosuppres-
sive agents, most commonly cyclosporine and tacrolimus
[4, 10, 13-17]. In addition to the aforementioned condi-
tions, PRES has been described in the setting of severe
sepsis in the absence of hypertensive crisis in adults [18].
This finding has not been replicated in children.

Although PRES has been widely described in the adult
population, the pediatric literature is less robust. A recent
comparative study between children and adults found that
affected children were more likely to have multi-organ fail-
ure than affected adults [19]. A second study found that
hypertension, cytotoxic drug use, and anemia were indepen-
dently associated with PRES in ten children being treated in
an intensive care setting [20]. These patients, however, were
compared to all other pediatric intensive care unit (PICU)
patients without controlling for disease severity.

In this study, we performed a retrospective chart
review for patients ages 21 and under who had MRI find-
ings suggestive of PRES and whose medical record sup-
ported this diagnosis. We compared these patients to
PICU patients matched for age and risk of mortality to
determine if these and other characteristics are corre-
lated with the development of PRES [21].

Materials and Methods

This is a retrospective-matched case-control study of
patients treated at Cohen Children’s Medical Center
of New York between August 2011 and April 2016.
The study was approved by the Northwell Health

System Institutional Review Board and granted a waiver
of informed consent.

Sixteen cases of PRES were identified in 13 patients over
a five-year period. Cases were found by searching all MRI
reports in the study period for “PRES,;” “posterior revers-
ible encephalopathy syndrome” and “posterior revers-
ible leukoencephalopathy” Review of the MRIs by an
independent pediatric neuroradiologist confirmed find-
ings consistent with PRES and identified affected neuro-
logic regions. Review of magnetic resonance venogram
(MRV) data and any follow-up MRI was also performed,
when available. We excluded cases where the diagnosis
was suspected but not confirmed. We selected three con-
trol patients for each PRES patient, matched for both age
and risk of mortality at admission based on the Pediatric
Index of Mortality-2 (PIM-2) score [21]. We accepted a
PIM-2 score within ten percent as acceptable matching.
We then reviewed the medical records for clinical and lab-
oratory data for patients diagnosed with PRES and a total
of 39 matched controls. We excluded scheduled admis-
sions from our control group. Demographic data collected
included age, race, and PIM-2 score. The two highest
consecutive blood pressures (BP) in the 48 h prior to the
development of PRES were collected. We further classified
BP into the absence of hypertension, stage I hypertension
(BP >=95th percentile), or stage II hypertension (BP >99th
percentile plus 5 mmHg) based on age-related percentiles
per CDC guidelines. These definitions of hypertension
have been accepted by the American Academy of Pedi-
atrics and the American Society of Pediatric Nephrology
[22]. Collected laboratory values included highest and
lowest serum sodium, glucose, calcium, magnesium, and
platelet count during the admission. We also collected the
highest serum creatinine, blood urea nitrogen, and white
blood cell count, as well as serum albumin within 24 h of
lowest calcium value. Clinical data collected included mor-
tality, length of PICU stay, comorbidities, clinical suspicion
of sepsis, which we defined as whether bacterial cultures
were sent, and any identified infectious agents. For PRES
patients, the presence of AMS, seizures, headache, visual
changes, future development of epilepsy, cause of death,
and duration from PRES onset to death (when applicable),
and whether or not there was a recurrence of PRES were
also collected. We evaluated functional status at admis-
sion and discharge for PRES patients using the validated
Pediatric Overall Performance Category (POPC) and Pedi-
atric Cerebral Performance Category (PCPC) scales [23].
Antiepileptic drug use, agent, and duration of therapy were
reported when information was available.

Statistical Analysis
For each factor, exact conditional logistic regression was
used to examine the association between PRES and that
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Table 1 Baseline characteristics of PRES and control
patients

PRES (n=13) Controls (n=39)

Age, median (range) in years 11(56-17.5) 12 (5.3-19.8)
Gender
Male 46% 59%
Female 54% 41%
Race
African American 46% 18%
Asian 23% 21%
White 30% 38%
Multiracial 0% 13%
Not reported 0% 10%
PIM-2 median (range); n=16 145 (0.3-17.9) 1.3(0.3-21)

PIM-2 pediatric index of mortality-2, PRES posterior reversible encephalopathy
syndrome

factor. Due to the small sample size, only univariate anal-
yses were carried out. For hypertension, it was not pos-
sible to obtain stable estimates using conditional logistic
regression, due to the pattern of the data. Therefore, the
Cochran—Mantel-Haenszel test was used. For all calcula-
tions, differences were considered statistically significant
at a two-tailed p<0.05 level. No adjustment for multiple
comparisons was made, due to the exploratory nature of
the study. All data analysis was performed using SAS ver-
sion 9.3 (SAS Institute Inc., Cary, NC).

Results

Sixteen cases of PRES were identified in 13 patients (ages
three to 17 years, 46% male). There was no difference in
gender or race between the PRES and control groups.
Baseline characteristics of PRES and control patients can

Table 2 Comparison of objective data for PRES patients and controls

PRES n=13 (% or SD)

Mean PICU length of stay (days) 13.1
Malignancy 2 (15.4%)
Autoimmune disease 4(30.8%)
Immunosuppression 9 (69.2%)
Transplant recipient 2 (15.4%)
Systolic blood pressure (mm Hg) 1496 (17.6)
Diastolic blood pressure (mm Hg) 96.2 (11.7)
Mean arterial blood pressure (mm Hg) 113.9 (12.3)
Highest white blood cell count (U/L) 154 (14.0)
Lowest hematocrit (%)* 25.1(5.1)
Highest platelet count (U/L)* 260.0 (185.2)
Lowest platelet count (U/L)* 196.5 (169.2)
Highest sodium (mEg/L)* 141.5(4.7)
Lowest sodium (mEg/L)* 135.6 (6.3)
Highest creatinine (mg/dL)* 235(3.68)
Highest BUN (mg/dL)* 416 (36.9)
Highest glucose (mg/dL)** 208.7 (107.9)
Lowest glucose (mg/dL)** 117.6 (44.2)
Highest calcium (mg/dL)** 9.05 (0.96)
Lowest calcium (mg/dL)** 791 (0.58)
Serum albumin (g/dL)** 61 (0.46)
Corrected calcium (mg/dL)*** 9.01 (0.55)
Highest magnesium (mg/dL)*** 2.05(0.31)
Lowest magnesium (mg/dL)*** 1.76 (0.30)
Suspected sepsis 7 (53.8%)

Controls n=39 (% Odds ratio (95% Cl) p- value

or SD)

46 0.017

5(12.8%) 1.23(0.11,8.92) 1.000

1(2.6%) 12.00(1.19,590.97) 0.0313
6 (15.4%) 9.87 (1.96, 96.19) 0.0023
1 (2.6%) 6.00 (0.31,353.98) 03125
1284 (18.1) 1.10 (1.04, 1.20) 0.0002
73.6 (16.0) 3(1.05,1.26) <0.0001
91.3(15.4) 1.15(1.06, 1.30) <0.0001
176 (17.8) 0.99 (0.94, 1.03) 0.7158
32.1(6.8) 0.72 (0.52,0.89) 0.0002
253.8(114.6) 1.001 (0.995, 1.005) 0.8140
191.8 (110.1) 1.000 (0.995, 1.006) 0.8480
143.8(10.2) 0.95(0.83,1.04) 0.3499
136.7 (5.9) 0.97 (0.88, 1.08) 0.6157
0.90 (0.79) 1.67 (1.01,3.73) 0.0428
21.8(18.7) 1.026 (1.001, 1.058) 0.0415
2253 (269.3) 0.999 (0.996, 1.002) 0.7154
109.7 (54.9) 1.002 (0.990, 1.015) 0.7222
9.25(0.71) 0.71(0.25,1.63) 04957
8.55 (0.87) 0.36 (0.14, 0.86) 0.0188
3.36(0.73) 0.20 (0.04, 0.69) 0.0061
8.87 (0.75) 1.38 (0.48,5.01) 0.6184
2.10(0.45) 0.76 (0.12,4.33) 0.8013
1.73(0.33) 1.49(0.12,18.81) 0.7859
23 (59.0%) 0.79(0.15,3.85) 1.000

PRES posterior reversible encephalopathy syndrome
*Data available for 13 cases and 36 controls
**Data available for 12 cases and 25 controls

***Data available for 11 cases and 24 controls
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be found in Table 1. All comparisons between patients
with PRES and their matched controls can be found in
Table 2. Mean PICU length of stay was higher in PRES
patients (13.1 vs. 4.6 days, p=0.017). Patients with PRES
were more likely to have autoimmune disease (p=0.03),
anemia (p=0.0002), or be on immunosuppressive ther-
apy or otherwise immunocompromised (p=0.002).
Sepsis was suspected in 53% of PRES patients and 59%
of controls (p=1.00). There was no difference in rates of
malignancy between PRES and control patients.

For the first admission, PRES presented with seizures
(77%), altered mental status (75%), headache (31%), and
vision changes (23%). Two PRES patients (15%) died
while hospitalized as compared with one (3%) control
(p<0.05). In the PRES patients discharged alive (n=11),
median days to symptom resolution was three (range
1-8). One patient with class IV lupus nephritis had two
recurrences of PRES within 1 year. POPC and PCPC
scores were unchanged from admission to discharge
for all but one surviving PRES patient; patient 12 had
a POPC of 2 on admission and 3 at discharge and an
unchanged PCPC. Seven of the eleven PRES patients
were discharged on an antiepileptic drug (AED); six
were treated with levetiracetam (dosing ranged from
20-30 mg/kg/day) and one was treated with phenytoin
5 mg/kg/day. Duration of AED therapy ranged from 3
to 25 months. Surviving PRES patients were followed

for median of 3.0 years (range 17 days—8.4 years). No
patients developed epilepsy at last known follow-up. See
Table 3 for clinical features of PRES patients. Affected
brain regions, MRV results, and follow-up MRI data
(when available) are noted in Table 4.

Patients with PRES were more likely than matched con-
trols to have a higher systolic (150 mmHg vs. 128 mmHg,
p=0.0002), diastolic (96 mmHg vs. 74 mmHg, p <0.001),
and mean arterial BP (114 mmHg vs. 91 mmHg,
p<0.0001) during their admission. All PRES patients
had stage II hypertension, whereas 41% of controls had
stage II hypertension, and 28.2% had stage 1 (p=0.002).
Average serum creatinine in PRES was 2.35 compared to
0.90 in controls (p=0.04), indicating higher rate of renal
disease in PRES patients. Patients with PRES had lower
serum calcium as compared to controls (p =0.019); how-
ever, after correcting for serum albumin, no association
between PRES and hypocalcemia was found. There was
no association between alterations in serum sodium, glu-
cose, or magnesium, and PRES. There was no difference
in the incidence of leukocytosis, thrombocytopenia, or
thrombocytosis between the two groups. PRES patients
had a higher mortality rate (15% vs. 3%, p <0.05). The two
mortalities in the PRES cohort were secondary to viral
sepsis, pulmonary hemorrhage, and withdrawal of care in
a patient status post-bone marrow transplant (patient 3)

Table 3 Features of patients with posterior reversible encephalopathy syndrome

Patient Age (years) Diagnoses Clinical features

AED at hospital discharge Duration
of AED

Days to symptom resolu-
tion

therapy

1 75 Nephrotic Syndrome AMS, HA, vision changes 3 None N/a
2a 17 SLE Sz, AMS 3 None N/a
2b 17 Sz, AMS 3 None N/a
2c 17 Sz, AMS 2 None N/a
3 11 BMT, Shwachman-Dia- Sz, AMS Mortality 77 days post-PRES  N/a N/a
mond syndrome

4 8.5 Medulloblastoma Sz Mortality 15 days post-PRES  N/a N/a

14 Atypical HUS Sz, AMS, HA, vision changes 8 None N/a
6a 10.5 Microscopic polyangiitis  AMS, HA 3 LEV 27 months
6b 12 Sz, HA 5 LEV (dose increase) 27 months
7 1 Osteosarcoma AMS 1 None N/a
8 55 BMT, beta-thalassemia Sz 1 LEV 13 months
9 8 PSGN Sz, AMS 2 Phenytoin 3 months
10 9 PSGN Sz, AMS, HA 5 LEV Unknown
I I Peritonitis Sz, AMS 5 LEV 8 months
12 7 Dermatomyositis Sz, AMS 4 None N/a
13 16 SLE Sz, HA 1 LEV 9 months

Patients are numbered; those with multiple entries are different episodes of PRES in the same patient

AED antiepileptic drug, AMS altered mental status, BMT bone marrow transplant, F Female, HA headache, HUS hemolytic uremic syndrome, LEV levetiracetam, M Male,
N/a not applicable, PRES posterior reversible encephalopathy syndrome, PSGN poststreptococcal glomerulonephritis, SLE systemic lupus erythematous, Sz seizure
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Table 4 Imaging features of PRES patients

Patient

Affected MRI regions with T2 and FLAIR hyperintensities

1 BL occipital, temporal

2a BL frontal, parietal, temporal

2b BL frontal, parietal, temporal, occipital

2c BL frontal, parietal, temporal, occipital

3 BL frontal, parietal, occipital

4 BL temporal, occipital, cerebellum

5 BL frontal, L> R parietal, L> R occipital; cerebellar vermis
6a BL parietal, occipital, temporal

6b BL frontal, parietal, temporal; R cerebellar
7 BL peri-atrial and centrum semiovale

8 BL parietal, occipital

9 BL parietal, occipital

10 BL parietal, occipital, temporal, frontal

11 BL parietal, frontal

12 BL parietal, L occipital

13 BL frontal, temporal, occipital

L >R cerebellum

MRV result Time to MRI follow-up Follow-up MRI result
(months from initial)

N/a N/a N/a

Negative N/a N/a

N/a N/a N/a

N/a 9 Full resolution

N/a N/a N/a

Negative N/a N/a

N/a 1 Marked improvement

Negative N/a N/a

N/a 0.25 Moderate improvement

N/a 3 Unchanged

N/a N/a N/a

N/a N/a N/a

N/a N/a N/a

Negative 8 Minimal improvement

Negative 0.5 Minimal improvement

L transverse venous 6 Full resolution

Si

nus signal not well

seen®

BL bilateral, FLAIR fluid-attenuated inversion recovery, L left, MRl magnetic resonance imaging, MRV magnetic resonance venography, PRES posterior reversible

encephalopathy syndrome, R right
*Likely congenital

and viral sepsis, renal failure and withdrawal of care in a
patient with medulloblastoma (patient 4).

Discussion
PRES was first described in a case series over 20 years
ago, yet implications of the disease in children have not
yet been fully elucidated [1]. Our study identifies clini-
cal characteristics and outcomes of children with PRES.
This design is unique in that PRES patients are matched
to controls by risk of mortality at ICU admission. Previ-
ous studies that have compared patients with and with-
out PRES did not control for disease severity or risk of
mortality. As we know PRES patients typically have sig-
nificant comorbidities, matching for risk of mortality may
help differentiate which factors are specifically related to
PRES and not simply secondary to the critically ill state.
Many explanations for the pathogenesis of PRES
have been described; however, its exact origin remains
unknown. It is believed that some form of cerebral vascu-
lature endothelial cell dysfunction occurs in the setting of
a chronic insult, such as hypertension or the use of cyto-
toxic agents. This leads to the development of cerebral
vasogenic edema and results in the constellation of symp-
toms known as PRES [24]. PRES typically presents with a
combination of seizures, altered mental status, visual dis-
turbances, and headaches. Seizures are almost universally

generalized tonic—clonic in nature, although other types,
such as focal seizures, have been reported [25].

Manifestations of PRES in our population were similar
to those described in other studies, including alterations
in mental status, seizures, headaches, and vision changes
[2, 3, 20]. Symptom resolution occurred at a median of
3 days after onset in the 85% of patients who survived,
which is consistent with previously published data. Half
of the patients in our cohort were managed with an AED
at hospital discharge. In all cases, the AED was discon-
tinued at last known follow-up. None of our patients
went on to develop epilepsy. Additionally, PRES patients
had a 15% mortality rate as compared to a three percent
mortality rate in the control group, who had an equal
risk of mortality on PICU admission. This is higher than
reported in other studies, possibly secondary to our low
sample size. The cause of death in both cases was due to
withdrawal of care in the setting of multi-system organ
failure and was temporally distant from the development
of PRES. Still, this high mortality rate is interesting given
that controls were matched for risk of mortality on PICU
admission.

A recent retrospective study by Raj et al. looked at the
relationship between hypertension, anemia, and PRES.
These authors found hypertension and anemia to be asso-
ciated with the development of PRES [20]. Ten patients
with PRES were compared with all other PICU patients
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in the same time period. A limitation with this design,
where patients were not matched with those of similar
illness severity or risk of mortality, could allow for patient
differences that are confounded by illness severity rather
than the studied disease process. Our study design dif-
fers in that we used a control cohort matched for age and
risk of mortality. With this design change, we replicated
some of the findings of Raj et al. Both anemia and stage
IT hypertension continued to be independently associated
with PRES. Additionally, PRES patients in our study had
a higher incidence of pharmacologic immunosuppres-
sion and autoimmune disease than our control cohort.
In contrast to their study, we found renal disease to be
more prevalent in patients with PRES. This could provide
an explanation for the association between anemia and
PRES, as anemia is a consequence of long-standing renal
impairment.

Additionally, we examined the relationship between
PRES and electrolyte disturbances. No association was
found with serum sodium, glucose, or magnesium. We
did, however, find an association with hypocalcemia and
PRES. As many of the diseases known to be associated
with PRES, including renal disease and malignancies,
can be associated with hypoalbuminemia, we felt it was
important to examine if this association remained after
correcting serum calcium for serum albumin. After cor-
recting for albumin, there was no longer an association
between corrected calcium levels and PRES.

In adults, PRES occurs in the settings of hypertension,
renal disease, dialysis, malignancy, autoimmune diseases,
eclampsia, and organ transplantation [26, 27] and is self-
limiting in 35-100% of cases [1, 28]. When comparing
our findings to the adult literature, there are some key
differences. Bartynski et al. described vessel irregular-
ity consistent with vasospasm in their hypertensive and
septic adult patients with PRES. Approximately, half of
our PRES cohort had MRV data at diagnosis, all of which
were within normal limits with the exception of a filling
defect in the MRI of one patient that is thought to be
congenital. In further contrast to the adult literature, we
did not find an association between suspected infection
and the onset of PRES. A lack of difference in white blood
cell counts between patients with and without PRES also
supports this finding. We found no differences in rates of
malignancy and transplantation between the two groups,
while adults with PRES had higher rates of both. Similar
to findings in adult studies, we found that patients with
PRES are more likely to carry the diagnosis of an autoim-
mune disease.

Two patients included in our study had recurrent
episodes of PRES. There are multiple case reports of
recurrence of PRES in the pediatric literature. One case
report described a 14-year-old female with end-stage

renal disease who presented with multiple episodes of
PRES in a 5-month period who underwent renal trans-
plantation with no further episodes of PRES [11]. Our
group included one teenage patient with class IV lupus
nephritis on multiple antihypertensives who presented
with PRES three times, always precipitated by medi-
cation non-adherence. Her mental status returned to
baseline after each episode, and she had no seizure
activity in between episodes. The second patient had
microscopic polyangiitis. He presented with PRES
at age ten with headaches and seizures, and again
18 months later, with seizures and altered mental sta-
tus. He made a full recovery after each hospitalization.

Limitations

Limitations to our study include its retrospective design
and small sample size. As such, we were unable to carry
out multivariable analyses due to the low incidence of
PRES, limiting our ability to draw conclusions related to
the interplay of different factors associated with PRES.
The small sample size may also lead to a lack of precision
in the univariate analysis. Additionally, all patients were
at a single center. This may introduce bias based on our
specific patient population and treatment strategies. We
used the PIM-2 score to compare patients of similar ill-
ness severity. The PIM-2 score has been validated as a
measure of mortality risk. As such, it can be used to com-
pare groups of patients based on their assigned scores.

Conclusion

Our study finds PRES to be associated with hyperten-
sion, renal disease, immunosuppression, autoimmune
disease, and anemia in children after controlling for mor-
tality risk. PRES patients had a higher mortality rate and
LOS than the control cohort. We hope that continued
research in this area will provide the medical community
with a better understanding of this entity, as patients with
PRES continue to have a high incidence of mortality.
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