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The clinical characteristics of posterior reversible encephalopathy
syndrome in patients with chronic renal failure

HONGTAO HU', SHEN XU', SHUANG HU', WEIJIA XU'? and HUA SHUI'

1Department of Nephrology, Zhongnan Hospital of Wuhan University, Wuhan, Hubei 430071;
2Department of Nephrology, Taihe Hospital, Shiyan, Hubei 442000, P.R. China

Received April 27, 2016; Accepted March 23,2017

DOI: 10.3892/etm.2017.4570

Abstract. Few studies have investigated posterior reversible
encephalopathy syndrome (PRES) in patients with chronic
renal failure (CRF). The present study analyzed the clinical
manifestations, laboratory examinations and imaging features
of PRES in patients with CRF. A total of 42 patients with CRF
with or without PRES were recruited in the current retrospec-
tive case-control study. Patient data taken prior to the onset of
PRES in patients with CRF and PRES (n=21) were collected
and analyzed. At the same time, data from patients with CRF
but without PRES (n=21) were also analyzed. Brain magnetic
resonance imaging (MRI) scans were collected from patients
in the PRES group. The mean blood pressure of patients in
the PRES group was significantly higher than that of the
control group (systolic blood pressure: 172+15 mmHg vs.
135+14 mmHg, P<0.01; diastolic blood pressure: 95+16 mmHg
vs. 64+13 mmHg, P<0.01). Furthermore, compared with the
control group, mean serum albumin (Alb) and hemoglobin (Hb)
concentrations in the PRES group were significantly lower
(Alb: 29.1+5.3 g/l vs. 34.6+6.1 g/1, P=0.001; Hb: 74+16 g/ vs.
89+28 g/1, P=0.037). By contrast, mean LDH concentration
was significantly higher in the PRES group (LDH: 336+141 U/I
vs. 235+89 U/1, P=0.004). In the PRES group, 24 h urine
volume was significantly lower in the PRES group than in the
control group (24 h urine volume: 651520 ml vs. 982+518 ml,
P=0.046). No significant differences in levels of serum potas-
sium (4.5+£0.6 mmol/l vs. 4.4+0.5 mmol/l, P=0.377), sodium
(138.3+4.9 mmol/l vs. 139.0+6.8 mmol/l, P=0.325), calcium
(2.0£0.24 mmol/1 vs. 1.9+£0.24 mmol/l, P=0.673), alanine
aminotransferase; (24+14 U/I vs. 18+8 U/1, P=0.975); aspartate
aminotransferase (2911 U/l vs. 24+9 U/1, P=0.619) and uric
acid (448+148 umol/l vs. 378+116 pmol/1, P=0.599) were found
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between the two groups. PRES is a relatively common nervous
system complication arising in patients with CRF. Certain
biochemical markers, including Hb and Alb, may be associ-
ated with PRES. Diagnosing PRES is difficult as computed
tomography (CT) brain scans may be normal and MRI scans,
which are more sensitive than CT scans at diagnosing PRES,
are not always performed in patients with CRF. Thus, brain
MRI scans should be taken first in such patients when PRES
is suspected.

Introduction

Chronic renal failure (CRF) is a clinical syndrome of severe
renal impairment caused by a number of predisposing factors,
such as diabetes, hypertension, hyperuricaemia and glomeru-
lonephritis (1). Neurological complications, such as posterior
reversible encephalopathy syndrome (PRES), are relatively
common in patients with CRF and ~45% of the reported
kidney disease cases exhibit comorbidity with PRES (2).
PRES is a well-known reversible neuroradiological clinical
entity characterized by symptoms including headaches,
nausea and vomiting, seizures, alterations in consciousness,
vision changes, cortical blindness and other focal neurologic
symptoms and signs (2). The incidence of PRES is moderately
higher in females than in males (male:female ratio is 0.8:1)
and the mean age at presentation is 44 years with an extended
age range of 14 to 78 years (2). PRES is typically diagnosed
based on clinical symptom, imaging examination (computed
tomography or magnetic resonance images) and predisposing
factors such as acute hypertension, preeclampsia, cytotoxic or
immunosuppressive medications (particularly cyclosporine)
and connective tissue diseases (3). In addition, the most char-
acteristic abnormality of PRES identified by neuroimaging is
the presence of posterior white matter edema with symmetrical
involvement of the parietal and occipital lobes for vascular
cerebral dysregulation (4). The symptoms of PRES are gener-
ally reversible, however, in certain cases, cerebral hemorrhage
or ischemia may occur and result in irreversible neurological
deficits or death (2). The etiology of PRES is not fully under-
stood and there are a number of hypotheses regarding its
mechanism of action (5). Previous studies have demonstrated
that PRES is associated with different clinical syndromes (6-10)
including acute hypertension, preeclampsia/eclampsia, anti-
neutrophil cytoplasmic autoantibody-associated vasculitis,
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systemic lupus erythematosus and renal insufficiency. The
majority of studies concerning PRES have only investigated
its neurological symptoms and imaging findings and have
not performed statistical analyses of biochemical indicators
relevant to PRES (4,11). Renal dysfunction is a known cause of
PRES (2), however the majority of patients with renal failure
do not develop PRES, meaning that the exact nature of the
relationship between CRF and PRES is unknown. To the best
of our knowledge, there have been no studies investigating the
potential relationship between CRF and PRES.

The present study summarized the biochemical indicators
and clinical characteristics of PRES patients with CRF, as well
as associated factors that may be involved in the development
of PRES, in order to determine the potential pathophysiolog-
ical mechanism of PRES in patients with CRF and improve
the diagnosis and treatment of PRES.

Patients and methods

Data collection. All patients recruited in the present study
were required to satisfy the following conditions: i) The
diagnosis of CRF was confirmed in our hospital (Zhongnan
Hospital of Wuhan University, Wuhan, China) and the course
of disease had lasted for =3 months; ii) the guidelines of the
American Kidney Disease Foundation K/DOQI (12) were
followed: Glomerular filtration rate (GFR) was used as the
classification criteria and only patients between chronic kidney
disease (CKD) 3 and CKD5 (based on the five-stage CKD
classification where CKD1, CKD2, CKD3, CKD4 and CKD5
have an estimated GFR range of >90, 60-89, 30-59, 15-29
and <15 ml/min/1.73 m?, respectively) (12) were selected;
and iii) patients with additional conditions, including severe
lung infection, acute blood loss, acute gouty arthritis, acute
coronary syndrome and multiple organ dysfunction syndrome,
were excluded from the current study.

A total of 42 patients were recruited in the current study
from the Zhongnan Hospital of Wuhan University (Hubei,
China) between June 2009 and June 2014. A total of 21 patients
with both PRES and CRF were included in the PRES group
and a further 21 patients with CRF but without PRES were
included as a control group. Diagnoses of PRES were made
using the following criteria (13): i) Acute or subacute clinical
symptoms including headache, altered mental status, seizures
or visual disturbances with or without elevated systemic blood
pressure; ii) the presence of known risk factors including
hypertension, administration of immunosuppressive drugs
and severe electrolyte disturbances; iii) abnormalities identi-
fied by neuroimaging, including distributions of brain lesions
identified by magnetic resonance imaging (MRI) or computed
tomography (CT) that are compatible with a typical PRES
lesion pattern, as well as MRI brains exhibiting high signal
intensity on T2-weighted images (T2WI) and fluid-attenuated
inversion recovery images (FLAIR); iv) Rapid recovery from
PRES-related illness, including the resolution of clinical
abnormalities following proper therapy, for example, treatment
of seizures with anti-epileptic drugs, treatment of hyperten-
sion with anti-hypertensive agents and discontinuation of
this medication, at least temporarily, in the acute setting if
PRES is caused by a specific medication (such as antirejection
drugs); v) the ruling out of other confusable encephalopathy
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syndromes, including metabolic encephalopathy, autosomal
dominant leukoencephalopathy, reversible cerebral vasocon-
striction syndrome and antibiotic encephalopathy.

Neuroimaging reviews were performed by two indepen-
dent and certified radiologists blinded to the clinical features
of the patients, who were trained in diagnosing PRES via MRI.
The location, distribution, severity of any signal abnormalities
and presence of hemorrhage were appraised and itemized. The
results of the neuroimaging reviews from the two radiologists
were consistent and any conflicts between the assessments of
the reviewers were resolved by consensus. The protocol of the
current study was approved by the Institutional Ethics Review
Boards of Zhongnan Hospital (Wuhan, China). Informed
consent from patients was waived as this was a retrospective
study. The study protocol conformed to the ethical guidelines
of the Declaration of Helsinki and all patient information was
anonymized during data collected and analysis.

Research methods. As part of the diagnostic evaluation, all
patients in the PRES group underwent MRI or CT within
several h to one day after the onset of symptoms as described
above. The choice of which manner to diagnose was based on
the decision of the patients and their family, even though we
recommended MRI to patients and their family. MRI studies
were performed at 1.5T MRI scanners (Siemens Avanto
1.5T, Siemens AG, Munich, Germany). Imaging sequences
included TIWI, T2WI and FLAIR. CT studies were
performed on a multi-slice spiral CT (Siemens Sensation 16;
Siemens AG).

Statistical analysis. All data were analyzed using SPSS 13.0
(SPSS, Chicago, IL, USA) statistical software. Measurement
data were expressed as the mean + standard deviation and
counting data were expressed as case number and percent-
ages. Measurement data were assessed using the Student's
t-test, counting data were assessed using the ¥ test. Intergroup
comparisons were performed using Mann-Whitney U test for
hierarchical variables of two independent samples. P<0.05 was
considered to indicate a significant difference.

Results

General conditions. Table I presents the general conditions,
including the sex ratio, mean age, dialysis ratio and constituent
ratio in different stages. A total of 21 patients (7 males and 14
females) with PRES were included in the current study. Mean
patient age was 65.4+9.5 years (range,41-79 years) and 16 patients
in the PRES group were under dialysis (n=13 in the control
group). The numbers of patients in the CKD3/CKD4/CKD5
stages were 2/2/17 respectively. There were no statistical differ-
ences in the sex ratio, mean age, dialysis ratio (P>0.05) and
constituent ratio (a=0.05, P>0.05) between the two groups,
highlighting that there were no significant differences in the
baseline characteristics of the two groups.

Blood pressure (BP). During the 48-h data collection, all BP
indicators including average systolic blood pressure (SBP),
diastolic blood pressure (DBP) and mean arterial pressure
(MAP) were significantly higher in patients with PRES
compared with the control group (P<0.05; Fig. 1).
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Group Male/female Mean age (years) Dialysis/total CKD3/CKD4/CKD5
Control 11/10 63.4+10.5 13/21 3/5/13
PRES 7/14 65.4+9.5 16/21 2/2/17
P-value 0.212 0.518 0.317 0.205
n=21. PRES, posterior reversible encephalopathy syndrome; CKD, chronic kidney disease.
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Figure 1. Average blood pressure measurements in patients with posterior
reversible encephalopathy syndrome and control groups over 48 h. "P<0.05
vs. control group. DBP, diastolic blood pressure; SBP, systolic blood pressure;
MAP, mean arterial pressure.

Neurological symptoms. At the time of the neurological
event indicated by abnormal CT or MRI results, patients with
PRES presented with headache (85.6%), seizures (80.9%),
nausea/vomiting (47.6%), visual disturbance (38.1%) or
consciousness disorder (19.0%; Fig. 2). The proportion of patients
presenting with such symptoms differed from that reported by
Yamada et al (14). Patients in the control group presented with
none of the aforementioned neurological symptoms.

Biochemical results. Biochemical results are summarized
in Table II. Compared with the control group, the average
hemoglobin (Hb) and serum albumin (Alb) levels and total
urine volume over 24 h were all significantly lower in the
PRES group compared with the control (P<0.05). By contrast,
serum lactate dehydrogenase levels (LDH) were significantly
greater in the PRES group compared with the control (P<0.05;
Table II).

Neuroimaging findings. In the PRES group, 76% of patients
(16/21) underwent CT head scans as 5 patients did not wish
to undergo MRI. Of these 16 patients, 13 exhibited features
of PRES following the scan. Thus, the sensitivity of CT in
diagnosing PRES was 81.3% (13/16). Abnormal CT images
exhibited atypical hypodensities, which were symmetrically
located in the white matter of rear hemisphere (Fig. 3A-C).
At the same time, 17 (17/21) patients in the PRES group
underwent a brain MRI scan. All of patients were accurately
diagnosed as having PRES, demonstrating the sensitivity of
MRI to PRES was 100%. The lesions were obvious on MRI,
which exhibited high signal intensity in bilateral frontal lobe,
parietal lobe, occipital lobe, posterior temporal lobe, parietal

Figure 2. Number of patients with different neurological symptoms in the
posterior reversible encephalopathy syndrome group.

cortex and subcortical areas in bilateral cerebellum on brain
T2/fluid-attenuated inversion recovery (FLAIR) MRI and low
signal intensity on TIWI (Fig. 3D-F). Furthermore, smaller
lesions on CT were easily missed unless they were quite clear
or on typical lesion sites. Therefore, MRI was more advan-
tageous than CT at identifying slight lesions (Fig. 4). Taken
together, the results of the current study indicate that MRI is
more sensitive than CT scans at diagnosing PRES (detection
rate: 100% vs. 81.3%).

Discussion

PRES is a clinical and radiological syndrome characterized
by reversible vasogenic edema in the posterior brain, which
primarily arises from autoregulation failure and endothe-
lial dysfunction (2). There are a number of causes that may
lead to the development of PRES. Malignant hypertension,
pre-eclampsia/eclampsia, immune-related diseases (14-16)
and tumor-related diseases have been reported as potential
causes of PRES (17,18). previous studies have indicated that
patients with CRF are more likely to develop PRES in certain
cases (19,20).

The pathogenesis of PRES has not yet been determined.
Currently, there are three main hypotheses (7,15,21): i) The
cerebral hyperperfusion theory, stating that blood pressure
rises so highly and rapidly that it goes exceeds the upper
limit of cerebrovascular autoregulation. This dysfunction
stimulates small arteries to undergo expansion rather than
contraction and leads to cerebral hyperperfusion. Following
this, water molecules and macromolecules undergo exos-
mosis to the brain cell mesenchyme through the damaged
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Table II. Patient biochemical results.
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Group Control PRES T-value P-value
Hb (g/1) 89+28 74£16 -2.252 0.037*
Alb (g/1) 34.6+6.1 29.1+£5.3 -3.426 0.001*
K (mmol/l) 4405 4.5+0.6 0.905 0.377
Na (mmol/l) 139.0+6.8 138.3+4 .9 1.011 0.325
Ca (mmol/l) 1.9+0.24 2.0+0.24 -0.429 0.673
P (mmol/l) 1.3+0.47 1.7+£0.59 1.587 0.128
ALT (U/) 18+8 24+14 -0.032 0.975
AST (U/) 24+9 29+11 0.506 0.619
UA (zmol/l) 378+116 448+148 0.531 0.599
Scr (umol/l) 488+255 5324243 -0.574 0.937
LDH (U/) 235+89 366141 3.335 0.004*
Total urine volume over 24 h (ml) 982+518 651520 -2.064 0.046*

Data are presented as the mean + standard deviation. n=21. *P<0.05 between the two groups. Hb, hemoglobin; Alb, serum albumin; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; UA, uric acid; Scr, serum creatinine; LDH, serum lactate dehydrogenase.

blood-brain barrier, resulting in the onset of cerebral edema.
ii) The vasospasm theory, stating that cerebrovascular serves
the important function of maintaining cerebral perfusion at
a stable level. When blood pressure rises sharply, excessive
regulation of the cerebrovascular system at that time will
induce cerebrovascular vasospasm. This reduces blood flow
into the brain capillaries, resulting in the onset of cerebral
ischemia. Cerebrovascular hypoperfusion and ischemia
reperfusion both injure the vascular endothelium, resulting in
acute endothelial dysfunction. Due to this, the vascular perme-
ability of the brain increases and intravascular proteins and
fluid penetrate into the brain mesenchyme, causing cerebral
edema. iii) The damaged vascular endothelium theory, which
is completely different from aforementioned two theories.
Certain scholars consider that the primary mechanism of
PRES is dysfunction of the vascular endothelium. For patients
with CRF, uremic toxins, inflammatory cytokines and oxida-
tive stress may all lead to endothelial dysfunction (22,23).
Furthermore, immunosuppressive agents and cytotoxic drugs
are frequently used to treat PRES and may also directly cause
endothelial dysfunction (24,25). Even hemodialysis itself may
be associated with the occurrence and aggravation of PRES,
as it disrupts the state of equalization of the cerebrovascular
between the exterior and interior and may lead to endothelial
damage through different pathways, such as loss of nitric oxide
signaling (26,27). Piccin et al (17) analyzed two cases of acute
Iymphoblastic leukemia that developed into PRES during
induction chemotherapy to decrease anti-thrombin-III levels.
This may provide a novel insight into PRES pathophysiology
that a reduction in anti-thrombin-III may cause an increase
in endothelial cell permeability and stimulate the leakage of
plasma, Alb and red blood cells into the extracellular space,
thus inducing PRES. For patients with CRF, endothelial injury
and dysfunction seems to be the common pathway and primary
mechanism of PRES development.

In the present study, all measures of BP in the PRES
group were significantly higher than those of the control

group which indicated that the BP parameters, including SBP,
DBP and MAP may be correlated with the onset of PRES.
Hypertension is an important pathophysiological mechanism
that occurs during the development of PRES. It is not only a
primary clinical feature of PRES but also an important factor
contributing to the collapse of cerebrovascular autoregula-
tion (28). However, in the current study, there were 5 patients
with normal blood pressure in the PRES group, indicating that
not all patients with PRES were hypertensive.

Neuroimaging findings are essential to the diagnosis of
PRES. CT images of the brain exhibited atypical hypodensi-
ties, the shape of which were irregular. Compared with head
CT, brain MRI images were more characteristic: They revealed
lesions as low or equivalent signal intensity on TIWI and high
signal intensity on T2WI and FLAIR. Minimal lesions were
easily missed by the CT scan unless they were found at typical
lesion sites. In the current study, MRI was more sensitive than
CT in the diagnosis of PRES (detection rate of 100% vs. 81.3%).
Therefore, due to the fact that a CT brain scan of patients with
PRES may be normal and MRI scans are more accurate in
diagnosing PRES, a brain MRI rather than a CT scan should be
performed in all cases when PRES is highly suspected.

In the current study, average levels of serum Alb in the
PRES group were significantly lower than those of the control
group (P<0.05). This suggests that low serum Alb levels may
be an important contributing factor to PRES in patients with
CREF. It is thus worth investigating further the role hypoprotein-
emia serves in PRES. One possibility is that hypoalbuminemia
may contribute to progressive damage to vascular endothelial
cells, leading to endothelial dysfunction (29). Due to this
dysfunction, serum Alb may leak out of the vascular endo-
thelium, resulting in a reduction of plasma colloid osmotic
pressure, which leads to fluid exudation and vascular cerebral
edema (29). Another possible mechanism is that endothelial
dysfunction increases vascular permeability, causing constant
Alb leakage and hypoproteinemia, consequently resulting in
the development of cerebral edema (30). The exact mechanism
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Figure 3. (A, B and C) PRES lesions following head CT. Abnormal CT images exhibited atypical hypodensities. (A) Extensive low density shadow on the
bilateral occipital lobe. (B) Extensive low density shadow on the bilateral parietal lobe. (C) Sagittal reconstruction indicated multiple low density shadow on
the occipital lobe. (D, E and F) PRES lesions exhibited high signal intensity on brain T2 FLAIR MRI. (D) T2 MRI-FLAIR indicated multiple high signal
lesions in bilateral posterior temporal lobe and right occipital cortex. (E) T2 MRI-FLAIR revealed multiple high signal lesions in bilateral frontal, parietal
cortex and subcortical areas. (F) T2 sagittal MRI-FLAIR showed high signal lesions in bilateral cerebellum, frontal lobe, parietal lobe and occipital lobe,
as indicated by the arrows in the figures. PRES, posterior reversible encephalopathy syndrome; MRI, magnetic resonance imaging; FLAIR, fluid-attenuated

inversion recovery images; CT, computed tomography.

Figure 4. Two images from one female patient who was 68 years old. (A) Head CT revealed no significant low-density lesion in cerebral parenchyma. (B) Brain
MRI-FLAIR demonstrated high signal intensity on bilateral temporal lobe and right occipital cortex. MRI, magnetic resonance imaging; CT, computed

tomography; FLAIR, fluid-attenuated inversion recovery images.

of action may include both potential mechanisms; the specific
pathophysiological mechanism of PRES remains unclear.
From the comparison of data from the two groups, average
Hb levels in the PRES group were significantly lower than in
the control group (P<0.05). Therefore, a lower Hb level may
indicate a higher risk of PRES in patients with CRF. Anemia
may be associated with ischemia and hypoxia of tissue,
leading to endothelial cell injury (31,32). The primary treat-
ment of anemia is with recombinant human erytheopoietin

(rHuEPO), which may increase blood pressure and exacerbate
intrinsical hypertension. It has thus been suggested that treat-
ment with rTHuEPO increases the risk of PRES in patients
with CRF (33). Certain hereditary and acquired hemolytic
diseases often elevate levels of circulating cell-free Hb, which
may directly contribute to liver injury by inducing oxida-
tive tissue damage via stimulation of catalytic activity in
low-density lipoprotein oxidation (33,34). Consequently, the
synthesis of liver-producing anticoagulation molecules such as
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anti-thrombin-II1I is reduced, which may result in an increase
of endothelial permeability and leakage of plasma, Alb and
red blood cells into the extracellular space. This may eventu-
ally induce PRES (17).

As a laboratory test providing evidence of endothelial
injury (18), LDH serves an important role during the process
of endothelial injury. In the current study, LDH in 76.2%
(16/21) of patients with PRES rose abnormally, whereas this
same rise only occurred in just 23.8% (5/21) of patients in the
control group. The average LDH level in the PRES group was
significantly greater than that of the control group (P<0.05).
This strongly supports the hypothesis that for patients with
CREF, endothelial injury is one of the primary mechanisms of
PRES. Meanwhile, LDH is a significant index for predicting
and diagnosing of PRES early, providing a novel path for
further research.

In addition, the 24 h urine volume in PRES group was signifi-
cantly lower than that of the control group (P<0.05). It has been
suggested that the accumulation of fluid, toxins and metabolic
waste may promote the onset of PRES in patients with CRF (28).
This may be due to volume-dependent hypertension caused by
fluid retention and vascular endothelial injury resulting from the
accumulation of toxins and metabolic waste (28). However, the
specific mechanism of this action remains unclear.

In conclusion, PRES is a clinical syndrome comprised
of acute neurological symptoms caused by endothelial
dysfunction. This usually arises from severe abrupt arterial
hypertension or fluctuations in BP, but may also be caused
by direct endothelial injury resulting from the use of immu-
nosuppressant drugs, the presence of autoimmune disorders
or eclampsia. It is usually diagnosed in patents with CRF
and diagnosis is difficult as CT brain scans may be normal
and MRI scans are not always performed in patients with
CRF. Therefore, brain MRI rather than CT scans should be
performed in patients suspected of having PRES. Meanwhile,
certain biochemical markers, including Hb and Alb, may
be associated with PRES. PRES generally has a favorable
prognosis, however neurological sequelae and even fatalities
may occur, particularly if the syndrome is complicated by
intracranial hemorrhage or brain infarction. Thus, although
knowledge regarding PRES has improved, further studies are
required to elucidate its exact mechanism of action.
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