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Abstract

Purpose—Posterior reversible encephalopathy syndrome (PRES) is a disorder of cerebrovascular 

autoregulation that can result in brain edema, hemorrhage, and infarction. We sought to investigate 

whether certain imaging characteristics in PRES are associated with clinically significant patient 

outcomes.

Methods—We retrospectively reviewed all cases of PRES occurring between 2008 and 2014 at 

two major academic medical centers. Demographic, clinical, and radiographic data were collected. 

We analyzed imaging studies for vasogenic edema, hemorrhage, and diffusion restriction. We 

performed univariate analysis and stepwise logistic regression to assess the association between 

our radiologic findings of interest and clinical outcomes as defined by hospital discharge 

disposition and modified Rankin scale (mRS) at time of discharge.

Results—We identified 99 cases of PRES in 96 patients. The median age was 55 years (IQR 

30-65) and 74% were women. In 99 cases, 60% of patients had active cancer, 19% had history of 

bone marrow or organ transplantation, 14% had autoimmune disease, and 8% were peripartum. 

Imaging at clinical presentation showed extensive vasogenic edema in 39%, hemorrhage in 36%, 
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hemorrhage with mass effect in 7%, and restricted diffusion in 16%. In our final logistic regression 

models, the presence of extensive vasogenic edema, hemorrhage with mass effect, or diffusion 

restriction was associated with worse clinical outcome as defined by both discharge disposition 

(OR=4.3; 95% CI: 1.4-36.3; p=0.047) and mRS (OR=3.6; 95% CI: 1.2-10.7; p=0.019).

Conclusions—Extensive vasogenic edema, hemorrhage, and restricted diffusion on initial 

imaging in PRES are associated with worse clinical outcomes.
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INTRODUCTION

Posterior reversible encephalopathy syndrome (PRES) is characterized by acute neurological 

symptoms classically accompanied by symmetric and reversible brain parenchymal 

vasogenic edema.[1, 2] Symptoms can include headache, confusion, vision changes, 

seizures, and focal neurological deficits.[3] PRES is thought to result from disordered or 

failed autoregulation of the cerebrovascular system and is often preceded by hypertension.[4, 

1, 5] Alternatively, inflammation-mediated endothelial dysfunction may play a role in the 

development of PRES.[6] PRES is associated with autoimmune disorders,[7, 8] bone 

marrow and solid organ transplantation, [9–11] cancer,[12] sepsis,[13] and the peripartum 

state.[14

Imaging findings at presentation, including edema,[13, 15, 16] hemorrhage, [17–19] and 

infarction,[20, 16, 15] have been inconsistently correlated with severity and other clinical 

features of the disease. Factors affecting important clinical outcomes such as disability, 

discharge disposition, and mortality in PRES have not been well-characterized.[21] Existing 

studies suggest that certain imaging characteristics, such as extent of edema[16] and 

hemorrhage,[17, 22–24] may be associated with lack of reversibility and mortality, 

respectively. However, these and other studies on this topic have been hampered by limited 

scope of inclusion criteria and non- standardized measures of clinical outcome.[13, 20, 16, 

15, 17, 24–29

Therefore, we sought to assess the association between select imaging characteristics in 

PRES and clinical outcome, as measured by two standard measures. Our a priori hypothesis 

was that the presence of extensive vasogenic edema, diffusion restriction, and hemorrhage 

are individually associated with worse clinical outcomes. We additionally sought to 

determine whether advanced radiologic PRES, which we defined as the presence of at least 

one of these three imaging characteristics, is associated with worse clinical outcomes.

METHODS

Design

We conducted a multi-center, retrospective cohort study of patients diagnosed with PRES. 

Patients were included from two major academic centers where patients are closely followed 
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by their providers, even when receiving care elsewhere. Both hospitals have linked inpatient 

and outpatient electronic medical records that allow comprehensive data abstraction. Patients 

transferred to these institutions after presenting elsewhere were included if adequate data 

from the initial presentation were available. All variables were defined in a data dictionary 

(Online Resource) created by investigator consensus, and all data were collected in a 

standardized fashion.[30]

Population

Brain magnetic resonance imaging (MRI) and computed tomography (CT) reports, including 

the requisition form entered by the ordering clinician, from 2008 to 2014 were searched for 

“PRES” and “Posterior Reversible Encephalopathy Syndrome”. All resulting records were 

reviewed by a neuroradiologist and a neurologist, and patients were included in the study 

cohort by consensus. We included patients if they had parenchymal vasogenic edema on 

MRI or CT of the brain with associated neurological symptoms (headache, confusion, vision 

changes, seizures, and/or focal neurological deficits) that could not be attributed to other 

causes such as infection, malignancy, or stroke. Patients under the age of 18 were included 

as there does not appear to be a distinct pediatric PRES phenotype.[1] Six patients in our 

cohort were included in a prior descriptive study.[12

Measurements

Patient demographics, comorbidities, and clinical PRES characteristics were collected. In 

addition to standard demographics, we collected data regarding vascular risk factors, 

medication exposures, and oncological history, including the presence or absence of active 

cancer as previously defined.[31] For incident cases of PRES, we collected data regarding 

symptoms at onset, blood pressure, and results of laboratory tests.

A neuroradiologist blinded to clinical history reviewed the initial imaging studies to 

determine the number of areas with vasogenic edema defined as T2 FLAIR hyperintensity 

on MRI or hypoattenuation on CT. For patients with MRI, diffusion-weighted imaging 

(DWI) was used to distinguish between vasogenic and cytotoxic edema. The presence or 

absence of mass effect, configuration (i.e. confluence), and reversibility on follow-up 

imaging, when available, were used to distinguish between vasogenic edema and other 

causes of parenchymal T2 hyperintensity such as chronic ischemia, post-treatment change, 

and gliosis of other etiology. The extent of edema was defined as a discrete variable of 0 to 

10 pre-defined regions: frontal, parietal, occipital, temporal, basal ganglia, thalamus, 

brainstem, cerebellum, deep white matter, and corpus callosum. Extensive vasogenic edema 

was defined a priori as involvement of five or more of these areas. The presence of diffusion 

restriction was recorded, utilizing ADC images for confirmation. The presence of 

intraparenchymal and subarachnoid hemorrhage was recorded; for intraparenchymal 

hemorrhage, the presence of associated mass effect was recorded.

Microhemorrhages seen only on T2-star (T2*) weighted imaging but not on other pulse 

sequences were attributed to the episode of PRES if they occurred in the area of PRES-

related T2 hyperintensity, but were recorded as having no associated mass effect. Based on 

associations reported in previous studies,[13, 26, 16, 20, 15, 17–19] a composite radiologic 
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variable of “advanced radiologic PRES” was defined a priori as the presence of at least one 

of the following: (i) extensive edema as defined above, (ii) diffusion restriction, or (iii) 

hemorrhage with mass effect. For patients with only CT imaging, diffusion restriction and 

microhemorrhages could not be assessed; advanced radiologic PRES in these patients was 

defined as extensive vasogenic edema or hemorrhage with mass effect.

Outcomes

We evaluated two clinical outcomes. The first binary clinical outcome was based on hospital 

discharge disposition; a good discharge disposition was defined as home or rehabilitation 

facility, and a poor outcome was defined as death or hospice. Prior studies have used 

hospital discharge disposition as an outcome measure that correlates with functional 

outcome.[32, 33] The second clinical outcome was modified Rankin scale (mRS) at the time 

of discharge, evaluated by a neurologist certified in mRS adjudication.[34] Modified Rankin 

scale was treated as binary variable: mRS of 0, 1, and 2 were considered good outcomes 

(functional independence) and 3 to 6 were considered poor outcomes.

Statistical Methods

Continuous variables are presented as mean ± SD or median (interquartile range [IQR]), and 

discrete variables as frequency (%). The total number of PRES cases (n=99) was used as the 

unit of analysis. The associations between categorical variables of interest and PRES 

outcomes were assessed using the chi-square or Fisher’s exact tests. The associations 

between continuous variables of interest and PRES outcomes were assessed with the two-

sample t-test or Wilcoxon rank-sum test, as appropriate. Clinical and radiologic variables 

shown to be significant at the univariate level (p≤0.10) were selected for inclusion in 

multivariable models. A sensitivity analysis was carried out on each of the following subsets 

of patients: (i) adults only (≥18 years old) and (ii) patients diagnosed with PRES by MRI. 

Associations that were preserved in the sensitivity analyses were considered for entry into 

the final model. Stepwise logistic regression models for the disposition and mRS clinical 

outcomes defined above were created using the criteria of p≤0.10 to enter the model and 

p≤0.20 to stay in the model when considered in conjunction with other variables. Candidate 

variables for the stepwise selection regression model were: age (entered as a continuous 

variable), history of brain radiation, auto-immune disorder, chronic kidney disease, smoking, 

sepsis, active cancer, active chemotherapy, immunosuppression, edema (mild-moderate 

versus extensive), brainstem edema, hemorrhage, and diffusion restriction. A composite 

variable of advanced radiologic PRES, defined above, was also separately assessed. The 

variables in the final model were assessed for collinearity and statistical interaction. The c-

index was used to assess discrimination and the Hosmer-Lemeshow statistic was used to 

identify goodness of fit. Associations between the predictors and clinical outcomes were 

reported using adjusted odds ratios (OR). All p-values were two-sided and statistical 

significance was assessed at the 0.05 level. Statistical analyses were performed with SAS 

Version 9.4 (SAS Institute Inc., Cary, NC).
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RESULTS

Population

Of 179 patients initially identified by text query of radiology reports, 96 patients were 

included in the study cohort after exclusion of 24 patients with alternate radiologic 

diagnoses, 48 patients with clinical histories inconsistent with PRES, and 11 patients with 

inadequate clinical information. Two patients had more than one episode of PRES, such that 

our study cohort ultimately included 96 patients with 99 episodes of PRES. Ninety-four of 

99 cases were diagnosed by MRI; five cases had CT only.

The median age of patients was 55 years (IQR, 30-65) with 10 patients being under the age 

of 18. Most patients (74%) were women. In 99 cases, 60% of patients had active cancer, 

42% were on active chemotherapy, 42% had a history of hypertension, 18% had chronic 

kidney disease, 17% had a history of bone marrow transplantation, 2% had a history of solid 

organ transplantation, 14% had an autoimmune disease, 24% had sepsis, and 8% were 

peripartum. The mean peak systolic blood pressure on the day of onset was 180 (±32) 

mmHg. Symptoms included altered mental status (60%), headache (54%), seizure (50%), 

visual symptoms (36%), and focal neurological deficit (19%). The median length of stay 

was 10 days (IQR, 6-17), and 63 cases required intensive care unit admission, with 17 

requiring mechanical ventilation at any time prior to discharge.

By definition per our inclusion criteria, 100% of patients had brain parenchymal edema 

(Figure 1a). Extensive vasogenic edema was seen in 38% of cases, with a median of 4 (IQR, 

3-6) areas of vasogenic edema (Figure 1b). Brainstem edema was seen in 21% of cases. 

Among 99 cases, 37% had intracranial hemorrhage: 36% had intraparenchymal hemorrhage 

(including microhemorrhage) in areas affected by vasogenic/cytotoxic edema, 7% had 

hemorrhage with mass effect, and 10% had subarachnoid hemorrhage (Figure 1c). Among 

the 94 cases with MRI, 16% had restricted diffusion involving some portion of the T2 

hyperintense parenchyma (Figure 1d). Criteria for our definition of advanced radiologic 

PRES were met in 50% of cases. Clinical and imaging characteristics are summarized in 

Table 1.

Outcomes

The majority of patients (85%) were discharged to home or a rehabilitation facility, whereas 

6 were discharged to hospice and 9 died in the hospital (Table 2). In terms of functional 

outcomes, for patients discharged alive, a good functional outcome of a mRS 0-2 was seen 

in 53 patients whereas 35 were discharged with moderate to severe disability (Table 2). The 

mRS at discharge could not be determined for two cases.

Factors Associated with Clinical Outcomes

In univariate analysis, age, prior brain radiation, history of an autoimmune disorder, history 

of diabetes, history of smoking, and sepsis at time of PRES were significantly associated 

with worse clinical outcome, either by hospital discharge disposition or mRS at discharge 

(Table 1). In terms of radiographic characteristics at time of PRES diagnosis, extensive 
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vasogenic edema was associated with a poor clinical outcome as determined by mRS at 

discharge (p=0.047).

Brainstem edema was not significantly associated with a worse clinical outcome by mRS at 

discharge (p=0.29). Presence of hemorrhage was associated with poor outcome based on 

discharge disposition (p=0.049) and poor mRS (p=0.021) whereas hemorrhage with mass 

effect, when considered in isolation, was not significantly associated with either outcome. 

Presence of diffusion restriction was associated with poor discharge disposition (p=0.009) 

and showed a trend towards association with poor mRS (p=0.074). Meeting criteria for 

advanced radiologic PRES was associated with both poor discharge disposition (p=0.021) 

and poor mRS at discharge (p=0.008).

In multivariable analysis, three factors were associated with unfavorable hospital discharge 

disposition: prior brain radiation (Odds Ratio [OR], 11.2; 95% confidence interval [95% CI], 

2.0-61.7), presence of sepsis (OR, 4.4; 95% CI, 1.1-16.8), and presence of diffusion 

restriction (OR, 8.2; 95% CI, 1.9-34.5) (Table 3). For the outcome of mRS at discharge, four 

factors were associated with a poor outcome: prior brain radiation (OR, 52.9; 95% CI, 

3.1-904.8), presence of sepsis (OR, 5.3; 95% CI, 1.4-20.7), presence of any hemorrhage 

(OR, 3.1; 95% CI, 1.0-39.7), and presence of diffusion restriction (OR, 6.4; 95% CI, 

1.2-34.3) (Table 4).

Separately, in additional multivariable logistic regression models adjusted for age, prior 

brain radiation, presence of autoimmune condition, and presence of sepsis, individual 

radiologic factors were replaced by the composite variable of advanced radiologic PRES. 

Advanced radiologic PRES was associated with an unfavorable hospital discharge 

disposition (OR, 4.3; 95% CI, 1.0-18.4) and poor mRS at discharge (OR, 3.6; 95% CI, 

1.2-10.7). The Hosmer- Lemeshow statistic had p-values of 0.39 for the discharge 

disposition model and 0.14 for the mRS model, rejecting the null hypothesis of poor fit in 

both models. The discharge disposition and mRS models had c-statistics of 0.83 and 0.87, 

respectively, indicating that both models had strong ability to predict poor clinical outcomes.

The results were unchanged in sensitivity analyses limited to adult patients and, separately, 

limited to patients diagnosed by MRI (data not shown).

DISCUSSION

In our large, multi-center, heterogeneous cohort of patients with PRES, we found that 

extensive vasogenic edema, hemorrhage, and diffusion restriction on imaging at presentation 

with PRES were common. Alone and as included in our definition of advanced PRES, these 

radiological predictors were associated with poor outcomes based on hospital discharge 

disposition and/or mRS at discharge.

Overall, our study cohort is comparable to prior cohorts in terms of key radiological 

findings, clinical severity, and outcomes. The extent of vasogenic edema in our cohort is 

similar to that observed in prior studies.[35, 26, 36] The rate of diffusion restriction in our 

cohort (16%) is consistent with the range reported in the literature, from 10 to 33%.[15, 16, 

20, 26, 35] However, the rate of hemorrhage observed in our cohort is nearly double the 
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rates reported in large prior studies,[17, 19] which is likely because most cases in our cohort 

were diagnosed by MRI rather than CT. A small study investigating susceptibility-weighted 

imaging (SWI) in PRES[22] found a higher rate of hemorrhage and suggests that 

hemorrhage is more readily identified on SWI. It is important to note that the rate of 

hemorrhage with mass effect (7%), which should not be affected by the specific CT/MR 

technique, is concordant with a prior report.[17] In terms of clinical severity, the proportion 

of patients requiring mechanical ventilation is consistent with prior reports, with rates of 

mechanical ventilation ranging from 18 to 33%.[28, 37] Discharge disposition and 

functional status outcomes after PRES have been infrequently described. The 9% rate of in-

hospital mortality is similar to the rate observed in a study of PRES patients requiring 

intensive care unit admission[25] and the rate found in the Berlin PRES study.[23] Other 

studies have used more granular outcome measures, such as the Glasgow Outcome Scale, 

but these studies have included limited patient populations and/or been limited by sample 

size.[18] One recent study reported mRS data, and found that 36% had a mRS score of 3–6, 

whereas 45% patients in our cohort had the same.[29]

Our work builds on prior efforts to identify radiological features associated with clinical 

outcomes. The association between extensive edema and poor clinical outcome in our cohort 

aligns with previous reports of extent of edema being associated with stroke or death.[16] 

Additionally, our observation of a trend towards a poor outcome seen in patients with 

brainstem edema on the initial MRI is concordant with two prior reports.[16, 15] Prior 

studies have had conflicting results with respect to diffusion restriction in PRES. While one 

study suggested that diffusion restriction is associated with cytotoxic edema and 

irreversibility,[16] another highlighted five cases of PRES with diffusion restriction that 

resolved on follow-up imaging.[15] Further, a retrospective cohort study did not find a 

significant association between restricted diffusion and mortality.[24] Perhaps because our 

study had a larger sample size and used standardized outcome measures, we found an 

association between diffusion restriction (n=15) and poor clinical outcomes. As for 

hemorrhage, prior studies have shown an association between hemorrhage and poor clinical 

outcome, but have used death or non-standardized measures to report outcomes,[17, 23, 24] 

or have been limited by small sample size (n=7).[34] Our study builds on this work by 

providing additional evidence of the association between hemorrhage and poor outcomes 

after PRES using two robust measures. Overall, our results suggest that radiologic severity, 

as defined by three key radiologic features, is associated with outcomes in PRES. One prior 

study suggested this possibility when they reported an association between qualitative 

radiologic severity and poor clinical outcome;[38] however, they used a subjective 

radiological grading system previously applied to toxic encephalopathy and reported non- 

standard outcome measures. Our study confirms and expands upon their findings using 

simple radiologic predictors and the more widely used and translatable clinical outcomes of 

discharge disposition and mRS at discharge. [32–34]

A number of secondary findings deserve mention. First, the association between prior brain 

radiation and poor clinical outcomes, not previously reported to our knowledge, raises 

potential insight into the pathophysiology of PRES. Brain radiation may affect cerebral 

arteriole autoregulation or increase endothelial permeability thereby contributing to the onset 

and/or clinical significance of PRES. Alternatively, our findings may be due to chance or 
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patients with prior brain radiation may be more likely to have worse outcomes because of 

associated comorbidities. Future studies with larger samples of patients with a history of 

radiation therapy would be helpful to further understand these findings. Second, we found 

sepsis at the time of PRES to be associated with an unfavorable discharge disposition and 

mRS. Prior studies have suggested this association,[13, 19, 23] but we believe that an 

independent association has not previously been reported. Third, history of autoimmune 

disease was associated with better clinical outcomes in our cohort; this is in contrast to a 

recent study that found no significant difference in mean hospital stay or mortality at 12 

months between PRES patients with and without lupus.[28] Last, we found no association 

between active cancer and clinical outcome, which suggests that other features, such as prior 

brain radiation or radiologic severity at presentation were stronger drivers of patient 

outcomes than the presence of active cancer.

Our results should be interpreted in light of several limitations. First, the study design was 

retrospective, which limits our ability to draw conclusions regarding causal relationships and 

may lead to under-ascertainment of PRES, especially in mild cases that may not have 

undergone brain imaging. Second, the cohort was assembled from two academic tertiary 

care centers, so the results may not be generalizable to all healthcare settings, especially 

outpatient or community settings. Third, the degree of vasogenic edema was assessed by 

visual inspection, which limits precision. However, quantitative segmentation techniques 

may be prone to misclassifying areas of gliosis from remote ischemia or other insult as 

vasogenic edema. Additionally, vasogenic edema was measured without consideration of 

clinical information. Furthermore, a similar approach has been used previously to evaluate 

disease extent in prior studies.[39, 35] Fourth, mRS and hospital discharge disposition are 

outcome measures subject to influence from many factors. However, they are well-

established measures of functional outcome, [32–34] and we assessed for potential 

confounders, such as active cancer. Fifth, we performed multiple comparisons and the 

confidence intervals in our multivariable analyses were wide so some of our findings may be 

due to chance.

Conclusions

Although PRES is thought to be a monophasic, reversible syndrome, some patients face in- 

hospital mortality or disability at discharge. Characteristics on baseline imaging – 

particularly extent of edema, hemorrhage, and diffusion restriction – may help identify 

patients at higher risk of a poor outcome.

Supplementary Material
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Fig. 1. 
Representative imaging findings from 4 cases of PRES: (a) Axial T2 FLAIR image of 

typical parieto-occipital distribution in a 23-year-old woman without hemorrhage (mRS of 0 

at discharge), (b) axial T2 FLAIR image of extensive edema in a 65-year-old woman (mRS 

of 5 at discharge), (c) axial susceptibility-weighted image of hemorrhage with mass effect in 

a 36-year-old woman (mRS of 4 at discharge), and (d) axial DWI image showing diffusion 

restriction in a 25-year-old woman (mRS of 3 at discharge). *mRS: modified Rankin Scale
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Table 2

Disposition and modified Ranking Scale at Discharge after PRES

Discharge Disposition Number (%)

Home 67 (67.7)

Sub-acute rehabilitation 11 (11.1)

Acute rehabilitation 6 (6.1)

Hospice 6 (6.1)

In-hospital Death 9 (9.0)

Modified Rankin Scalea

0 (No symptoms) 22 (22.7)

1 (No significant disability) 18 (18.6)

2 (Slight disability) 13 (13.4)

3 (Moderate disability) 16 (16.5)

4 (Moderately severe disability) 15 (15.5)

5 (Severe Disability) 4 (4.1)

6 (Death) 9 (9.2)

a
The modified Rankin Scale score could not be determined for two cases.
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