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Introduction

Posterior reversible encephalopathy syndrome (PRES) is a 
clinical and imaging findings syndrome with multiple clinical 
manifestations, characterized by vasogenic edema classically 
in the posterior circulation territory. Associated symptoms 
may completely resolve after prompt symptomatic treatment 
(1-3). Over 20 years have elapsed since PRES was first 
described by Hinchey et al. in 1996 (4). As our understanding 

of this disease has gradually improved, its etiology, clinical 
and imaging spectrum were more fully and accurately 
described. The clinical symptoms of PRES typically include 
encephalopathy, seizures, headache, visual symptoms, 
and focal neurologic deficits (3,5,6). The risk factors for 
developing PRES include hypertension, pregnancy and 
puerperal diseases, organ transplantation, immunosuppressive 
agents or cytotoxic agents, acute or chronic kidney disease, 
autoimmune diseases, infections, endocrine diseases, etc.  
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(6-8). When potential triggers are eliminated or blood 
pressure is controlled, the clinical manifestations and imaging 
findings of PRES are often reversible (9). Even so, many 
patients still develop permanent neurologic deficits or may 
even result in death (10,11). 

The role of these various risk factors, imaging findings, 
and biochemical parameters on the prognosis of PRES 
remains unclear. Previous studies have correlated the 
etiologies, location of lesions, atypical imaging findings, and 
some of the biochemical parameters [lactate dehydrogenase 
(LDH), hyperlipidemia] with the clinical outcome of PRES, 
in different confounding settings (12-16). However, the 
results of these studies are variable and incomplete. Using 
meta-analysis, we have performed a systematic review 
of multiple retrospective cohort studies to evaluate the 
relationship between different etiologies, imaging findings, 
biochemical parameters and clinical outcomes in patients 
with PRES. 

Methods

Search strategy

The eligible studies in the studies were identified by 
searching the PubMed, Embase, Cochrane Library, and 
Web of Science databases update to November 2017. The 
keywords “posterior reversible encephalopathy syndrome” 
“PRES” “reversible posterior leukoencephalopathy 
syndrome” “RPLS” “hypertensive encephalopathy” 
“hyperperfusion encephalopathy” “occipital-parietal 
encephalopathy” or “reversible posterior cerebral edema 
encephalopathy” combined with “prognosis” “outcome” 
“survival” or “mortality” were used to identify studies that 
access the associations between risk factors and clinical 
outcomes in patients with PRES. After proper training, the 
search was conducted by two individuals independently. For 
all these documents, titles and abstracts were checked, and 
the entire documents were checked when necessary. If there 
were differing opinions between the two reviewers, the 
arbitration was performed by a third person. The references 
for the selected publications and related reviews were also 
checked to identify any studies missed in the literature 
search. Only studies reported in English were retrieved.

Selection strategy

Inclusion criteria were used to screen the relevant literature. 
First, all the included studies had to evaluate the correlation 

between related risk factors (including clinical etiology and 
symptoms, imaging findings and laboratory parameters) 
and clinical outcomes in patients with PRES. Second, all 
included studies were observational cohort studies with 
the sample size no less than 10. Third, the included studies 
had to report the odds ratio (OR) and its 95% confidence 
interval (CI) for related risk factors. Alternatively, the 
studies had to provide sufficient data that could be used to 
calculate the OR and its 95% CI for related risk factors. 
Fourth, all studies published by the same research team had 
to employ different patient data. Fifth, the studies included 
had to be reported in the English language. Studies with 
incomplete information and no related outcomes were 
excluded. The included studies had to be original studies, 
and all reviews, commentaries, case reports, abstracts, and 
meta-analyses were excluded.

Data extraction

Data from the included literature were independently 
extracted by two of the authors, and all conflicts were 
resolved by a third person. Extracted data included the last 
name of the first author, the year of publication, publication 
journal, sample size, demographic information (age, 
sex), etiologies, symptoms, imaging findings, laboratory 
parameters, and related prognostic indicators.

Statistical analysis

The ORs with their corresponding 95% CI for related risk 
factors were used to calculate the pooled estimates for the 
outcomes. To establish the appropriate weighting for each 
study, the SE for each logarithm OR (logOR) was calculated 
and was recognized as the estimated variance of the logOR. 
The generic inverse variance approach was applied for 
weighting. Statistical heterogeneity between the studies 
was quantified with the Q test (P>0.10), together with I2 
values (I2<25%). When heterogeneity was present between 
studies, the fixed-effect and Laird random-effects model 
(D-L model) was applied to calculate the pooled estimate 
and its 95% CI (17). Sensitivity studies were performed 
by excluding individual studies to identify any study that 
significantly affected the overall estimates. Publication bias 
was represented as a funnel plot and further assessed by 
the Egger’s test (18). P<0.05 was considered as statistically 
significant. All statistical analysis was performed with 
Review Manager software (version 5.3.5; The Cochrane 
Collaboration) and STATA software (version 10.0; Stata 
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studies, 3,734 studies were excluded by thorough review 
of the titles and abstracts, including completely unrelated 
studies, reviews, case reports, animal experiments, and 
Meta-analyses. There were 121 studies remaining. These 
121 articles were reviewed using the full text, 13 studies 
were only abstracts and 2 studies were commentaries, 
91 studies did not evaluate the correlation between the 
related risk factors and clinical prognosis in patients 
with PRES, 8 studies did not report the OR and 95% 
CI for related risk factors or the data they provided were 
insufficient to calculate the corresponding OR and 95% 
CI. All these studies were excluded. A total of 7 studies met 
our inclusion criteria. However, 1 of these 7 studies was 
excluded because the relevant risk factors reported in this 
study were described only in one or two of the included 
studies and were not appropriate for consolidation, and 
there was insufficient information for the calculation of the 
OR and 95% CI of other related risk factors. Finally, there 
were only 6 studies (12,19-23) that were included in meta-
analysis. All these studies were retrospective cohort studies 
with the sample size greater than 10 (Figure 1). 

A total of 448 PRES patients were included in the 6 
studies, and details of each study were provided in Table 1.  
In these studies, the impact of multiple conditions on 
clinical outcomes of PRES patients were analyzed including: 
hypertension, encephalopathy, toxemia of pregnancy 
(pre-eclampsia/eclampsia), autoimmune disease, sepsis, 
headache, seizure, status epilepticus, altered mental status, 
hemorrhage, diffusion restriction (cytotoxic edema), edema 
severity, cerebrospinal fluid biochemical parameters, altered 
coagulation, C-reactive protein. The OR and 95% CI of 
above risk factors were described in 5 of the 6 included 
studies. The remaining study provided the clinical and MRI 
data for each patient (23). The binary logistic regression 
was used to correlate the outcome with age, eclampsia, 
seizure, DWI restriction and hemorrhage, and their ORs 
and 95% CIs were calculated. The NOS was used to assess 
the quality of the included studies. Overall, two studies had 
a score of 8, three scored 7, one scored 6. Formal critical 
appraisal of the six studies indicated that the quality was 
high in five studies (NOS ≥7) and low in one study (NOS 
≤6) (Table 2).

Five studies evaluated the impact of hemorrhage on the 
clinical outcome of PRES. No significant heterogeneity 
was observed between the 5 studies (Chi2=4.59, df=4, 
P=0.33; I2=13%). The pooled OR of the five studies under 
the fixed-effect model suggested that hemorrhage is 
associated with poor outcome in patients with PRES (pooled 

Figure 1 Flowchart for selection of eligible literatures.

Studies identified by searching related databases 
(n=4,502)

Titles and abstracts retrieved (n=3,855)

Met the inclusion criteria (n=7)

Potentially relevant studies found and full text 
reviewed for evaluation (n=121)

Excluded (n=3,734):
Clearly not relevant, reviews, case 
reports, animal experiments, and 
meta-analyses (n=3,734)

Excluded (n=114):
Abstract only (n=13)
Commentary (n=2)
No evaluation of correlation 
between the related risk factors 
and clinical prognosis (n=91)
No reported OR and 95% CI and 
insufficient data to calculate these 
metrics (n=8)

Studies included in the final meta-analysis (n=6)

Excluded (n=1):
The relevant risk factors reported 
in this study were described 
only in 1 or 2 included studies; 
insufficient data to calculate the 
OR and 95% CI of other related 
risk factors (n=1)

Excluded (n=647)
Duplicate literature (n=647)

Corporation). The Newcastle-Ottawa Scale (NOS) was 
used to assess the quality of the inclusive studies. A study 
with a score of 7 or above is regarded as high quality. 

Results

By querying the PubMed, EMBASE, Cochrane Library, 
and Web of Science databases updated up to November 
2017, a total of 4,502 studies were identified. 647 studies 
were excluded due to duplication. Of the remaining 3,855 
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OR=4.93; 95% CI: 3.94–6.17; P<0.00001) (Figure 2).  
Sensitivity studies suggested that no individual study 
significantly affected the overall estimate of the meta-
analysis. The Egger’s test (P=0.295) showed no significant 
publication bias in the included studies. The estimate from 
3 pooled studies suggested that toxemia of pregnancy (pre-
eclampsia/eclampsia) as the etiology of PRES may decrease 
the risk of poor outcome (pooled OR=0.24; 95% CI: 
0.15–0.40; P<0.00001) (Figure 3). There was no significant 
heterogeneity between 3 studies (Chi2=3.11, df=2, P=0.21; 
I2=36%), and no significant publication bias was found 
(P=0.964). PRES patients with presence of diffusion 
restriction (cytotoxic edema) (pooled OR=2.59; 95%CI: 
0.84–7.99; P=0.10) showed an unfavorable outcome in 3 
pooled studies, but without statistical significance (Figure 4).  
No significant heterogeneity was identified in these 3 
studies (Chi2=3.41, df=2, P=0.18; I2=41%). And as suggested 
by Egger’s test (P=0.316), no significant publication bias 
was evident. Of the 6 articles included, in addition to the 
risk factors mentioned above, hypertension encephalopathy, 
autoimmune disease, sepsis, moderate and severe edema, 
altered mental status, cerebrospinal fluid biochemical 
parameters, altered coagulation, C-reactive protein, higher 
serum creatinine, uric acid (UA), LDH levels, and highest 
glycaemia on day 1 were also related to the adverse outcome 
of PRES. However, these risk factors were evaluated in only 
1 to 2 articles and could not be used for this meta-analysis.

Discussion

PRES is a neurotoxic syndrome and is usually considered 
to have a benign outcome. However, in previous studies, 
we frequently found long-term disability or death in the 
significant number of PRES patients (24). Previous studies of 
factors that affect the prognosis of PRES are few in number 
and the results are variable. Data on hemorrhage, toxemia of 
pregnancy (pre-eclampsia/eclampsia), diffusion restriction 
(cytotoxic edema) and association of these factors with poor 
outcomes of patients with PRES is limited. We reviewed and 
evaluated the related risk factors for poor outcomes in PRES 
systematically through meta-analysis. In this meta-analysis, 
hemorrhage was associated with high risk of poor outcome in 
patients with PRES. Toxemia of pregnancy (pre-eclampsia/
eclampsia) may be associated with improved outcomes in 
PRES patients. There was a trend towards worse outcomes 
in patients with diffusion restriction (cytotoxic edema), but 
that did not reach statistical significance.

Most of the PRES patients showed symmetric vasogenic T
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edema in bilateral posterior cerebral circulation territories 
on MRI imaging. However, multiple studies showed that the 
anterior circulation territory and infratentorial (brainstem, 
cerebellum) regions may also be involved. Atypical imaging 
findings such as hemorrhage, cytotoxic edema/infarction, 
abnormal enhancement, may occur in PRES patients 
(5,6). About 10–32% PRES cases were found to have 
intracranial hemorrhage (2,25,26). These PRES-associated 
intracranial hemorrhages included intraparenchymal 
hemorrhages, subarachnoid hemorrhages (SAH) or both. 
In a retrospective study including 23 patients with PRES-
associated intracranial hemorrhage performed by Hefzy (25), 

hemorrhage was divided into 3 types including minute focal 
hemorrhage (<5 mm), sulcal SAH and focal hematoma, 
and these three types of hemorrhages were found to occur 
with similar frequency. With increased application of 
susceptibility weighted imaging (SWI), some studies showed 
that PRES patients had a high rate of microhemorrhage 
(MH) (27). This may be due to the higher sensitivity of 
SWI for intracranial hemorrhages which made it easier 
to identify hemorrhages. In Alhilali’s study cohort, MH 
occurred in 8 patients, accounting for 67% of the patients 
with hemorrhage, demonstrating that in this study MH is 
the most common type of hemorrhage (19). 

Figure 2 Forest plot for the impact of hemorrhage on the clinical prognosis of PRES. No significant heterogeneity is observed between the 
5 studies.

Figure 3 Forest plot for the impact of toxemia of pregnancy on the clinical prognosis of PRES. There is no significant heterogeneity 
between 3 studies.

Figure 4 Forest plot for the impact of diffusion restriction on the clinical prognosis of PRES. No significant heterogeneity is identified in 
these 3 studies.
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The imaging features of hemorrhage in patients with 
PRES have been well described in previous studies. However, 
in most studies, the relationship between hemorrhage and 
prognosis of PRES patients, and whether hemorrhage can 
predict an unfavorable outcome have not been formally 
investigated. Of the 7 patients with intracranial hemorrhage 
reported by Aranas et al. (28) in 2009, only two patients 
had good functional outcomes in PRES. Moon et al. (23) 
investigated the association between clinical or MRI findings 
and the prognosis of variant and classical types of PRES 
in a retrospective study. Their results showed that most 
patients with clinical or structural sequelae had hemorrhage 
or irreversible lesions in both types of PRES patients. A 
prospective study of 25 patients with PRES showed that 3 
patients with poor outcomes had coexistent multiple diseases 
or intracranial hemorrhages (29). The results of the above 
studies are consistent with our analysis that hemorrhage 
predicts a poor outcome for PRES. However, no significant 
correlation between hemorrhage and adverse outcomes 
in patients with PRES has been reported (30). Some 
investigators believe that a small amount of hemorrhage 
does not affect the outcome, whereas multiple or massive 
hemorrhages may be one of the predictors for poor 
outcome in PRES. The relationship between hemorrhage 
and the prognosis of PRES remains uncertain, as there is 
no consistent conclusion between the different studies. 
Most of the relevant studies were single center studies, 
and the sample size, patient population, and risk factors 
for single center studies are limited. As discussed above, 
the use of SWI may have an impact on the detection of 
hemorrhage. The heterogeneity of prognostic criteria may 
also have an impact on the outcome of the study. In prior 
studies, modified Rankin scale (mRS), Glasgow Outcome 
Scale (GOS) and hospital discharge disposition were used 
to assess prognosis of patients with PRES. In addition, 
the impact of hemorrhage types, location, and severity on 
the clinical and prognostic of PRES have not been well 
described. In five of the six studies we have included, the 
impact of hemorrhage on the clinical outcome of PRES 
was evaluated. Although there were multiple manifestations 
of hemorrhage on imaging of PRES, only one of them has 
analyzed the effects of intracerebral hemorrhage and SAH 
on its prognosis (22). As far as we know, there were three 
studies (19,21,23) which classified the types of hemorrhages 
in patients with PRES, these were collectively referred to 
as hemorrhages in assessing the impact on prognosis. Most 
studies did not classify hemorrhage on imaging in PRES 
patients, collectively termed as hemorrhage. Therefore, 

in this meta-analysis, we could not determine which kind 
of hemorrhage in PRES patients had the worst prognosis. 
We have to admit that this is a limitation of this study, 
and which might be a research focus in the future. Some 
studies have shown that the incidence of hemorrhage varies 
in PRES patients under different etiological conditions. 
A study by Hefzy et al. (25) showed that PRES related-
hemorrhage occurred with high incidence in the context 
of immunosuppression and with lower incidence in 
eclampsia. Hemorrhage may represent a direct risk factor 
for poor outcome in PRES, or it may represent secondary 
sequalae in more severe cases of PRES. This significance of 
hemorrhage in this setting requires further investigation. 
Therefore, a large, multicenter, prospective or retrospective 
study is needed to thoroughly evaluate these questions. 

The mechanism of hemorrhage in patients with PRES 
remains unknown. Some researchers believed that PRES-
related SAH may be associated with severe hypertension 
and cerebral autoregulation loss, while multifocal 
hemorrhage may be caused by post-ischemic reperfusion 
injury (30). However, a recent study showed that PRES 
related hemorrhages were not associated with moderate or 
severe hypertension, and various hemorrhage types appear 
to occur with similar frequency in the different PRES 
toxicity-associated conditions (24). In previous studies of 
PRES patients, about two thirds of patients experienced 
an elevation of blood pressure when symptoms occurred. 
PRES can be considered a consequence of hypertension 
crisis.  The clinical and imaging manifestations of 
hypertensive encephalopathy may disappear after timely 
treatment, and many scholars believe that it is a form of 
reversible posterior encephalopathy syndrome, which 
occurs in patients with severe hypertension. Both disorders 
have similar neurological symptoms and imaging findings 
in the course of the disease, suggesting that there may have 
some common pathogenesis between them. Therefore, 
hypertension has been emphasized as a common feature in 
all PRES related conditions in the past period of time. The 
elevation of systemic blood pressure beyond the upper limit 
of cerebrovascular autoregulation leads to the transient loss of 
the ability of cerebrovascular autoregulation and subsequent 
hyperperfusion, endothelial injury and breakdown of the 
blood-brain barrier, eventually resulting in vasogenic edema. 
At present, there are few studies on the correlation between 
blood pressure and imaging findings of PRES. In our 
previous series of studies, we found no significant correlation 
between hypertension and the degree and location of brain 
edema (31). Some scholars believe that the distribution of 
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cerebral edema is related to the severity of elevated blood 
pressure (32). While mild hypertension only causes edema in 
the supratentorial area, severe hypertension can cause wider 
supratentorial brain edema. Edema may also involve the brain 
stem, cerebellum and basal ganglia (32). Some studies also 
showed that there was a certain correlation between higher 
edema grade and higher SBP, however there was no statistical 
difference (2). In our recent animal trials, we found that 
brain edema lags behind blood pressure fluctuations. With 
increasing awareness of the syndrome, most researchers 
have found that PRES can also occur in patients with 
normal or only slightly elevated blood pressure. Elevated 
blood pressure may be an important cause of brain edema, 
but it is not a necessary condition. The role of blood 
pressure in the formation of cerebral edema in patients 
with PRES remains to be further explored. Now PRES is 
generally considered to be a systemic toxic process, and its 
pathogenesis is still controversial. Currently, three main 
theories have been proposed, including vasoconstriction/
hypoperfusion, hypertension/reperfusion, and endothelial 
dysfunction theory (33-35). PRES-associated hemorrhage 
usually occurs in areas of cerebral edema, and is associated 
with edema severity and development of cytotoxic edema. 
Either the hyperperfusion induced by the loss of cerebral 
autoregulation or the damage of blood-brain barrier (BBB) 
caused by endothelial cell injury can lead to the increase of 
capillary permeability. Plasma and erythrocytes exude into 
the subarachnoid space and brain parenchyma resulting 
in SAH and punctate hemorrhages. When a sudden rise 
of blood pressure occurs, increased intravascular pressure 
can lead to the rupture of the damaged vessel wall and 
hemorrhage. In PRES patients, the hemorrhage in the 
region of cerebral edema is mostly characterized by stasis 
and punctate hemorrhages. Hemorrhage on SWI is 
manifest as multiple or scattered low signal intensity foci 
in the edematous region. We believe that endothelial cell 
injury may play an important role in PRES and PRES-
related hemorrhage. 

Although vasogenic edema is the typical imaging feature 
of PRES patients, conversion to cytotoxic edema has also 
been reported in previous studies (36-38). In the previously 
reported studies, approximately 10–33% of PRES patients 
developed cytotoxic edema (12,14,27,38,39). This may be 
due to the lack of timely treatment, resulting in persistent 
hyperperfusion, leading to microcirculatory disturbances in 
the compromised tissue, which eventually develop ischemia, 
edema, and infarction. Studies have shown that cytotoxic 
edema is related to the overall extent of cerebral edema, 

and ischemia is more likely to occur in a large region of 
cerebral edema (40,41). This may be related to the local 
hypoperfusion, the decrease of cerebral blood flow and 
the increase of tissue pressure caused by the mass effect 
of extensive cerebral edema (2). In a study carried out 
by Junewar (12), there is a higher incidence of cytotoxic 
edema in PRES patients with eclampsia, which may be 
related to reactive vasoconstriction. Previous findings are 
inconclusive regarding the relationship between diffusion 
restriction (cytotoxic edema) and clinical prognosis of 
PRES. A study performed by Covarrubias et al. (42) showed 
that diffusion restriction may represent the earliest sign 
of irreversible lesions. Studies have also shown that there 
is no significant correlation between diffusion restriction 
and mortality (19). In some studies diffusion restriction 
completely resolved during follow-up (14). The reasons for 
these inconsistencies may be due to differences in sample 
size, research population, and prognostic criteria. Our 
analysis showed that diffusion restriction is associated with 
adverse outcome in patients with PRES, which was not 
statistically significant. Therefore, multicenter studies with 
standardized prognostic criteria are needed to investigate 
the relationship between diffusion restriction and clinical 
prognosis in patients with PRES.

The degree of cerebral edema in patients with PRES 
varies greatly, from small cortical, subcortical foci to large 
fused lesions. With the advancement of the research in 
PRES and rapid development of imaging techniques, the 
evaluation criteria for the degree of brain edema in PRES 
are constantly updated. In 2000 (43), the grade of PRES 
brain edema was first presented according to the scope 
and occupying effect of edema, which was divided into the 
0–3 grade. In 2006, Bartynski et al. (44) also proposed a 
grading basis for the degree of cerebral edema, which was 
classified into five grades according to the depth of edema 
and the occupying effect of the most affected area. In 
2016, Karia et al. (45) classified the degree of brain edema 
into 4 grades according to the location, the fusion and the 
occupying effect of the edema. Only one of the six studies 
included indicated that moderate or severe brain edema was 
associated with death in patients with PRES. In the future 
study of the relationship between the degree of cerebral 
edema and the prognosis of PRES, a unified standard of the 
degree of cerebral edema is essential.

Our analysis showed that toxemia of pregnancy (pre-
eclampsia/eclampsia) may be associated with reduced risk of 
adverse outcome in patients with PRES. All PRES patients 
with eclampsia had reversible PRES lesions in a study 
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conducted by Pande et al. (14) in 2006. And this may reflect 
a relatively benign pathophysiological process. Previous 
studies have also demonstrated that PRES patients with 
preeclampsia-eclampsia have less severe imaging findings 
and clinical symptoms (46). The cause of this phenomenon 
remains unknown. This may be due to a fundamental 
difference in pathophysiological mechanisms or due to more 
careful monitoring of the symptoms and signs of eclampsia 
or pre-eclampsia in perinatal women. In addition, Alhilali 
et al. (19) suggest that rapid reversal of blood pressure 
caused by emergency delivery of pregnant women may also 
improve outcomes. However, other studies that indicate 
that incomplete recovery occur more frequently in PRES 
patients with eclampsia than without eclampsia (47). This 
may be related to extra-neurological complications as well 
as neurological complications, such as HELLP syndrome, 
ischemia and hemorrhage.

After a series of analysis, no significant heterogeneity was 
found among the included studies, and no publication bias 
was identified. However, limitations of the current meta-
analysis should be acknowledged. First, only 6 studies were 
included in this meta-analysis, and only the relationships 
between hemorrhage, diffusion restriction (cytotoxic 
edema), toxemia of pregnancy (pre-eclampsia/eclampsia) 
and PRES outcomes were assessed. We have performed a 
comprehensive search and screening using the PubMed, 
EMBASE, Cochrane Library, and Web of Science databases. 
However, at present, there are very few studies investigating 
the prognosis of PRES. Second, the 6 included studies were 
retrospective cohort studies, with the typical associated 
limitations of retrospective studies, such as selection and 
information bias. Third, the prognostic evaluation criteria 
were not uniform. mRS, GOS and hospital discharge 
disposition were used in the different studies, respectively. 
Although these evaluation criteria use different parameters, 
they all reflect the clinical functional prognosis of the 
patient. Therefore, we believe that the poor clinical 
prognosis of the patients as reflected in these criteria can be 
considered consistent. It is undeniable that more consistent 
and comprehensive evaluation criteria for PRES prognostic 
factors are necessary. Fourth, SWI is more sensitive for 
detection of hemorrhage, yet not all the included studies 
used this sequence to detect intracranial bleeding. This 
may also influence the results of the study. Fifth, we only 
evaluated the effect of hemorrhage on the prognosis of 
PRES, and could not determine which kind of hemorrhage 
in PRES patients had been also the worst prognosis. 
Sixth, inability to assess the degree of vasogenic edema as 

a potential risk factor limits the study. More studies are 
needed to investigate whether hemorrhage, cytotoxic edema, 
and pre-eclampsia/eclampsia are associated with adverse 
outcome of PRES and to evaluate the impact of other related 
risk factors on PRES. More consistent and comprehensive 
evaluation criteria for PRES prognostic factors are necessary. 
SWI and DWI should be used as routine sequences in 
PRES imaging protocols. This will allow for more accurate 
correlation between microhemorrhages, cytotoxic edema, 
and PRES outcomes and will further contribute to the study 
of the mechanisms of PRES.

Conclusions

The results of this meta-analysis suggest that hemorrhage 
is associated with poor outcome in PRES. Toxemia of 
pregnancy (pre-eclampsia/eclampsia) is associated with an 
improved outcome in PRES patients. Diffusion restriction 
(cytotoxic edema) may indicate a poor outcome, although 
this results did not reach statistical significance. Larger 
studies are warranted to evaluate the detrimental effects of 
hemorrhage, cytotoxic edema, pre-eclampsia/eclampsia and 
other related risk factors in PRES patients. 
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