
CASE REPORT
published: 09 October 2018

doi: 10.3389/fneur.2018.00843

Frontiers in Neurology | www.frontiersin.org 1 October 2018 | Volume 9 | Article 843

Edited by:

Deqiang Qiu,

Emory University, United States

Reviewed by:

Jordi A. Matias-Guiu,

Hospital Clínico San Carlos, Spain

Cristian E. Leyton,

University of Sydney, Australia

*Correspondence:

Songqing Pan

psq@whu.edu.cn

Specialty section:

This article was submitted to

Applied Neuroimaging,

a section of the journal

Frontiers in Neurology

Received: 30 July 2018

Accepted: 19 September 2018

Published: 09 October 2018

Citation:

Ou S, Xia L, Wang L, Xia L, Zhou Q

and Pan S (2018) Posterior Reversible

Encephalopathy Syndrome With

Isolated Involving Infratentorial

Structures. Front. Neurol. 9:843.

doi: 10.3389/fneur.2018.00843

Posterior Reversible Encephalopathy
Syndrome With Isolated Involving
Infratentorial Structures
Shuchun Ou, Lu Xia, Li Wang, Li Xia, Qin Zhou and Songqing Pan*

Department of neurology, Renmin Hospital of Wuhan University, Wuhan, China

Typical neuroimaging findings of posterior reversible encephalopathy syndrome

include symmetrical white matter edema in subcortical white matter of bilateral

occipital and parietal lobes, although variations do occur and more and more

attention is being focused upon disease of infratentorial-isolated involved posterior

reversible encephalopathy syndrome. In this article, we described 1 case of posterior

reversible encephalopathy syndrome with isolated infratentorial brain involvement

and reviewed the literature to identify an additional 36 cases in the PubMed

database. We used various search terms, such as “brainstem/cerebella/spinal

posterior reversible encephalopathy syndrome,” “brainstem/cerebella/spinal reversible

posterior leukoencephalopathy syndrome,” “brainstem/cerebella/spinal hypertensive

encephalopathy,” “infratentorial posterior reversible encephalopathy syndrome,” and

“posterior reversible encephalopathy syndrome variant.” Then, we systematically

analyzed the clinical and imaging characteristics of the 37 cases and found that

posterior reversible encephalopathy syndrome with isolated involving infratentorial

structures predominantly affect male patients compared with typical posterior reversible

encephalopathy syndrome. The presence of extremely high blood pressure at onset

is essential to the development of infratentorial-isolated involved posterior reversible

encephalopathy syndrome. A relatively high rate of hydrocephalus and spinal cord

involvement can be a distinctive feature of this kind of variant. Symptoms and outcomes

are basically similar to typical posterior reversible encephalopathy syndrome.

Keywords: brainstem, cerebellum, obstructive hydrocephalus, posterior reversible encephalopathy

syndrome/hypertensive encephalopathy, spinal cord

HIGHLIGHTS

1) This study described a rare variant of PRES that isolated involving infratentorial structures
(IIPRES).

2) We found that IIPRESmostly occurs in males and the presence of extremely high blood pressure
at onset is essential to the development of IIPRES. We also analyzed the features of spinal cord
involvement and obstructive hydrocephalus in IIPRES.

3) Our purpose was to compare PRES contributing factors, imaging features and outcomes in
infratentorial-predominant PRES vs. typical PRES with the goal of better understanding the
natural history of IIPRES.
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INTRODUCTION

Posterior reversible encephalopathy syndrome (PRES) was
first described as a reversible syndrome manifesting with
acute headaches, altered mental status, seizures, and visual
disturbances by Hinchey et al. (1). Magnetic resonance imaging
(MRI) usually implies vasogenic edema predominantly locating
in subcortical white matter of bilateral occipital and parietal
lobes, the exact pathogenesis of which has yet to be explained
(1–5). Severe hypertension, renal dysfunction, eclampsia/pre-
eclampsia, and the use of immunosuppressive drugs are thought
to be main etiologies (1–3, 5). With aggressive antihypertensive
treatment, most patients can achieve complete resolution both in
the clinic and radiology.

Vasogenic edema in the typical parietal or occipital regions
occur in more than 90% of PRES patients (3, 6). In recent
years, new terms, such as central-variant PRES and brainstem
variant PRES have appeared to widen the spectrum of atypical
PRES (3, 6–9). A previous study reported that an atypical
pattern of involvement of the brainstem, basal ganglia, and
periventricular white matter with sparing of the typical frontal,
parietal, and occipital cortexes occur in approximately 4% of
PRES patients (9). However, there are no published reports which
systematically analyze isolated involvement infratentorial brain
to our knowledge. Here we describe a variant of PRES exclusively
involving infratentorial areas (IIPRES), with the supratentorial
structures completely spared, and investigate the different clinical
and radiological characteristics of this condition compared to
typical PRES.

PATIENTS AND METHODS

Patients
We describe a patient with isolated infratentorial brain
involvement seen at the Neurology Department of RenMin
Hospital of Wuhan University, and identified an additional
36 cases (18 articles) (7, 10–26) in the PubMed database
from 2000 to date using various search terms related
to “infratentorial-predominant PRES,” “PRES variant,”
“hypertensive encephalopathy” “brainstem hypertensive
encephalopathy,” and “PRES isolated involvement of
brainstem/cerebella.”

Case Report

A 41-year-old man presented with a headache for 1 day that
predominantly affected the prefrontal and occipital regions.
Persistent headache brought him into the hospital. He had
no medical history of headache and hypertension and there
was no history of head or neck trauma. Blood pressure
was 200/140 mmHg on admission. He had no alterations in
consciousness or visual symptoms. There were no hyperreflexia,
ataxia, or other abnormal neurological examination results. Head
computer tomography (CT) revealed no significant abnormities.
Laboratory examinations showed a urine protein level of 2+
and 24-h urine protein was 1.06 g. Urine potassium and sodium
were 39.25 and 315 mmol/24 h, respectively, demonstrating the
impairment of renal function. Serum potassiumwas 3.23mmol/L

and serum sodium level was normal. The signal in the pons was
increased in T2-weighted and fluid attenuated inversion recovery
(FLAIR) image but was normal-intensity in T1-weighted images
(Figures 1A,B). There were no abnormal signals in the parietal
and occipital lobes (Figure 1C). Unfortunately, the patient did
not receive diffusion-weighted imaging (DWI) on admission.

In consideration of his mild clinical manifestations (the
severity of symptoms did not match the extent of his lesion) and
normal neurological examinations, we excluded the diagnosis
of brainstem infarction; also, the normal concentration of
serum sodium may help to rule out the diagnosis of pontine
myelinolysis. Then, we came to the diagnosis of PRES and
initiated aggressive antihypertensive treatment with Irbesartan,
Hydrochlorothiazide, Nifedipine, and Spironolactone. His
symptoms completely resolved on the third day. A month later,
repeated MRI showed complete resolution of the abnormalities
in the brainstem (Figures 1D,E). Thus, the rare “reversible”
characteristic of lesions following antihypertensive treatment
confirmed the diagnosis of PRES.

This study was carried out in accordance with the approval
of the Ethics Review Committee of Wuhan University Renmin
Hospital. The subject gave written informed consent for the
publication of clinical details in accordance with the Declaration
of Helsinki.

Methods
We include articles published in English describing patients with
sufficient clinical and imaging detail. All cases referred to were
without typical parietooccipital abnormalities. We regard clinical
and radiological features as being present if they were described
and absent if not mentioned.

RESULTS

We found that 18 reports of 36 patientsmet our inclusion criteria.
With the addition of our patient, a total of 37 cases were included
in our descriptive analysis. The main results were presented in
Table 1.

Clinical Characteristics
Twenty six patients were male (70.3%) and 11 were female
(29.7%), with an average age of 39.9 ± 19.8 years (range, 7–
84 years) and 7 were children. All cases but one whose blood
pressure didn’t record had severe, acute hypertension. Mean
blood pressure was 216/135 mmHg (MAP 162 ± 24.7 mmHg).
Seventeen out of 37 patients had a clear medical history of
hypertension (45.9%), 19 had renal impairment (51.4%), and
2 (5.4%, 7 years and 10 years, respectively) were receiving
chemotherapy for leucocythemia. The most common symptom
was headache (22/37, 59.5%), followed by altered metal status
(20/37, 54.1%), vomiting (14/37, 37.8%), visual disturbance
(11/37, 29.7%), and seizure (6/37, 16.2%) in a descending
order. Other rare symptoms included difficulty in walking (5/37,
13.5%), ataxia (4/37, 10.8%), speech disorder (3/37, 8.1%), vertigo
(3/37, 8.1%), and urinary urgency (1/37, 2.7%).
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FIGURE 1 | Brain MRI finding. Patient 1, (A,B) Axial T2-weighted and fluid attenuated inversion recovery (FLAIR) MR image reveals hyperintense lesion in pons. (C) No

abnormal signal in the parietal and occipital lobes was found. (D,E) Follow-up MRI at 1 month shows complete resolution of the hyperintensity in the brainstem.

Imaging Findings
All patients had hyperintensity signals on T2-weighted (T2W)
and fluid-attenuated inversion recovery (FLAIR) images in the
infratentorial brain. Isolated involvement of brainstem and
cerebellum were 14 (14/37, 37.8%) and 12 (12/37, 32.4%),
respectively. Ten (10/37, 27.0%) of the patients raised a
complication of obstructive hydrocephalus and 7 of them
received external ventricular drainage (EVD). Six patients (6/37,
16.2%) involved the spinal cord and the longest lesion was
observed from the lower pons to the Th8 level.

Treatment and Outcome
The clinical manifestations, presented acute or subacute,
achieved a favorable resolution among majority patients with
progressive antihypertensive treatment and EVD, as well as
the imaging findings. In addition to 6 patients (6/37, 16.2%)
with persisted imaging abnormalities, follow-up MRI showed
significant improvement as early as 5 days and as late as 11
months after the initial scan.

DISCUSSION

We identified several differences of clinical features between our
case and typical PRES. Our series is male-dominant (male 70.3

vs. 13%) compared to typical PRES reported in initial literature
by Hinchey et al. (1). All recorded cases (except one which did
not have a record) had acute and extremely high hypertension
with a mean up to 216/135 mmHg (MAP 162 ± 24.7
mmHg), a much higher level compared to the mean of 165/97
mmHg in the article published by Hinchey. The proportion of
normotension/hypotension in patients with typical PRES might
imply the possibility of acute and severe hypertension is an
essential condition for IIPRES (2, 7). Similar to typical PRES,
a medical history of hypertension and renal impairment takes
up a large proportion as etiology (45.9 and 51.3%, respectively).
Except for the extremely low proportion of immunosuppressive
therapy (5.4 vs. 53%) in our series, we did not encounter any
patients in pregnant or pre-eclamptic/eclamptic conditions.

PRES with atypical radiology involving the frontal and
temporal lobes, basal ganglia, brainstem, cerebellum, and other
cerebral areas has been reported in recent years (3, 4, 6, 7, 27).
These atypical distributions have a higher rate than we thought
(21). It is reported that the incidence of brainstem involvement
in PRES was in the range of 13–18.4% and cerebellum in ∼30%,
almost always accompanied by abnormalities in typical regions
(3, 4, 6). However, there is no systematic description of PRES
that isolated involving infratentorial brain. Figure 2 clearly shows
that the brainstem (37.8%) and cerebellum (32.4%) are easily
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TABLE 1 | Demographics, clinical and radiological characteristics of 37 patients.

Case Gender Age HTN Renal BP(MAP) Headache Mental Visual Seizure Location Hydrocephalus Treatment

1 M 41 – + 200/140(160) + – – – Brainstem – Antihypertension

210 M 62 + – 180/100(127) + + – + Brainstem – Antihypertension

311 M 50 + – – + – + – Brainstem – Antihypertension

412 M 49 – + 202/138(159) – + – – Brainstem – Antihypertension

513 M 60 – – 220/150(173) – + – – Brainstem – Antihypertension

614 F 39 + + 190/110(137) + – + – Brainstem – Antihypertension

715 F 67 – + 204/106(138) – + – – Brainstem – Antihypertension

816 M 37 – – 210/140(163) – – – – Brainstem – Antihypertension

916 M 51 + – 150/110(123) – – – – Brainstem – Antihypertension

1016 M 51 – + 250/130(170) – + – – Brainstem – Antihypertension

1116 M 52 + – 230/140(170) – – + – Brainstem – Antihypertension

1216 M 76 – – 210/180(190) – + – – Brainstem

brainstem

– Antihypertension

1317 M 32 + + 220/140(167) + + – + Brainstem – Antihypertension

1418 F 84 + – 238/128(165) – + + – Cerebellum – Antihypertension

157 M 33 + + 230/120(156) + – – – Cerebellum – Antihypertension

167 M 21 – – 210/140(163) + – – – Cerebellum – Antihypertension

177 M 7 – – 150/110(123) + + – + Cerebellum – Antiepileptic

187 F 7 – + 270/220(237) + + – + Cerebellum – Antihypertension

197 F 37 + + 210/150(170) + – + – Cerebellum – Antihypertension

207 M 11 – + 206/148(167) + – + – + Antihypertension;EVD

Cerebellum Antihypertension;

217 F 49 – – 280/160(200) – + – – Cerebellum + Antihypertension;EVD

227 M 52 + + 240/160(187) + + – – Cerebellum + Antihypertension;EVD

237 M 26 + + 175/110(132) – + + – Cerebellum + Antihypertension;EVD

2419 M 52 – + 242/145(177) + – – – Cerebellum + Antihypertension

2520 M 13 – + 260/150(187) – + – – Cerebellum + Antihypertension;EVD

2621 M 32 + – 250/140(177) + – – – Brainstem; + Antihypertension

2722 M 48 + – 248/147(181) – + – – Cerebellum + Antihypertension;EVD

Brainstem;

cerebellum

2822 M 49 + + 245/148(180) – + – – Brainstem;

cerebellum

+ Antihypertension;EVD

Brainstem;

cerebellum

2922 M 58 + – 230/122(158) + – – – Brainstem;

cerebellum

+ Antihypertension

Brainstem;

cervical cord

3023 F 10 – + 141/105(117) + + – – Brainstem;

cervical cord

– Antihypertension

Brainstem;

cervical cord

3121 M 42 – + 190/110(137) + – – – Brainstem;

cervical cord

– Antihypertension;

Brainstem;

cervical cord

Haemodialysis

3210 M 59 + – 210/108(142) – + – + Brainstem;

cerebellum;

cervical cord

– Antihypertension

3324 F 9 – + 225/110(148) + – + – brainstem;

cervical cord

– Antihypertension

3425 M 25 + + 225/159(181) + – + – Brainstem;

cervical cord

– Antihypertension

3525 F 44 – – 240/140(173) + + + – Brainstem;

cervical cord

– Antihypertension

3626 F 26 – – 210/105(140) + – – + Brainstem;

cervical cord

– Antihypertension

3725 F 14 – + 85/145(158) + + + – Brainstem;

cerebellum;

cervical cord

– Antihypertension

HTN, hypertension; BP, blood pressure; MAP, mean arterial pressure; EVD, external ventricular drainage. +, present, –, absent. Patient 1 is reported in this article.
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FIGURE 2 | Lesion distributions. Vasogenic edema in IIPRES affects predominantly the brainstem (67.5%) and cerebellum (48.6%). Cervical cord involvement takes

up 16.2%. Extensive involvement of posterior cranial fossa is very rare (2.7%).

affected in a solitary manner and that extensive involvement of
posterior cranial fossa (2.7%) is very rare. There is no association
between lesion location and clinical manifestation. Headache
and altered mental status were evident in most patients in our
series, as well as in typical PRES, but the incidence of visual
disturbance (29.7 vs. 66.7%) and seizure (16.2 vs. 73.3%) in
IIPRES was significantly lower than typical PRES (1, 3, 5).
Researchers have tried to seek a relationship between the occipital
involvement of PRES and the presentation of visual disturbance
but have failed to do so (28). Other focal presentations, such
as weakness of limbs, ataxia, or aphasia, presented in 5–
15% of documented patients were also been reported in our
series (2).

Another hallmark in our series is of spinal cord involvement
(16.2%). One article systematically described a variant of PRES
with spinal cord involvement (PRES-SCI) (25). The clinical
characteristics were found to resemble to our current findings,
and all PRES-SCI are complicated by brainstem lesions; thus,
some physicians feel that this represents part of the brainstem
variant of PRES (20, 25, 29). The shared vertebrobasilar blood-
supply system might explain the susceptibility of edema in the
spinal cord while a relatively dense sympathetic innervations of
spinal cord probably responsible for the low incidence of PRES-
SCI (25, 29). This type of protective mechanism may indicate a
more serious condition, but in fact, there is no corresponding
symptom of spinal lesion and the outcome is basically similar to
typical PRES.

In addition, there were 10 patients (27.0%) accompanied by
obstructive hydrocephalus in our series which is not usually seen
in typical PRES. Hydrocephalus occurred in 30–54.4% patients
of PRES mainly involving the brainstem and cerebellum (7, 8).
This may be relevant to the distinctive anatomical characteristics
of the infratentorial structures of brain. A retrospective study
pointed out that only half of the patients with hydrocephalus

require EVD placement; the majority had a full resolution with
adequate management of blood pressure (22).

The exact mechanism of PRES still remains controversial and
two leading theories attempt to explain the pathophysiology
of this condition. One hypothesis is that blood flow in the
brain is maintained by the cerebrovascular autoregulation and
an increase in blood pressure exceeding the cerebrovascular
autoregulatory limits leads to vasodilation following a disruption
of the blood-brain barrier and extravasation of plasma and
macromolecules, presenting vasogenic rather than cytotoxic
edema in MRI imaging. One research study demonstrated that
mean blood pressure plays a vital role in the blood-brain barrier
disruption in the evolution of a possible model of PRES (30).
However, the endothelial theory rests on the assumption that
the initial factor is endothelial damage secondary to systemic
toxicity in immunosuppressive therapy, eclampsia, and sepsis.
These pathological conditions damage by direct cytotoxicity
of immunosuppressants such as calcineurin inhibitors which
are known to cause endothelial cell injury, or indirectly by
the induction of excessive cytokines release which can activate
endothelial cells to secrete vasoactive factors, increase vascular
permeability, and lead to interstitial brain edema (15).

Several articles pointed out that the lower density of
sympathetic innervations in the vertebrobasilar system, an
essential factor for the control of cerebrovascular autoregulation
(presumably protecting the brain from marked increases in
intravascular pressure, such as with severe hypertension), might
be attributed to the high incidence of reversible vasogenic edema
in posterior zone (1, 7, 9, 27). There is no clear explanation for
isolated involvement of infretentorial territories thus far. Some
studies have demonstrated that mild elevation of hypertension
predominantly involved the supratentorial areas with little or no
involvement of the infratentorial areas while severe elevation of
hypertension are likely to cause vasogenic edema in the brain
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stem, basal ganglia and cerebellum (5, 31). This is consistent with
our finding of extraordinarily high blood pressure correlated with
the development of IIPRES. Some others have speculated that
this variant may have a potential relationship with individual
variation (28). There are also reports in the literature proposing
that great fluctuations of blood pressure rather than absolute
increase as well as the rising proportion and rising speed probably
play a key role in the development of edema (2).

Precisely because of the characteristic of vasogenic edema,
PRES is commonly thought to be a benign process with good
reversibility both in clinic and imaging presentation. However,
with prompt and appropriate treatment, not all patients achieved
complete resolution and permanent damage existed either on
clinical presentation or imaging, or both, in IIPRES. Persistent
lesions on imaging were found in 6 patients with the longest
follow-up exceeding 1 year. A multicenter study showed that the
brainstem lesions showed less reversibility compared to typical
cortical and subcortical PRES lesions (32). The poor correlation
between clinical outcome and the presence of hemorrhage and
diffusion restriction has been found too (23). A longer follow-up
may be necessary to identify the long-term outcome of IIPRES.

The differential diagnosis includes central pontine
myelinolysis, brainstem infarction, brainstem glioma, multiple
sclerosis. The main identifications of IIPRES are vasogenic
edema presented in imaging and the reversibility of clinic and
imaging with aggressive antihypertensive treatment.

Our study has several limitations given its retrospective
nature. First, we collected literature from 2000 until present and
may therefore have missed earlier publications. Furthermore, we
only worked with publications written in English. This may have

led to an underestimation of the incidence of PRES variants.
Second, it was difficult for us to perform a comprehensive
collection of information such as the results of laboratory
examinations, CSF and fundus examination. Finally, we did not
carry out statistical analysis due to the relatively small number
of patients. To further address these issues, a pooled analysis of
multicenter studies is necessary and more efforts should be taken
to investigate the distinctive characteristics of IIPRES.

CONCLUSIONS

This article comprehensively introduces and analyses
the characteristics of IIPRES. Our aim is to widen the
spectrum of PRES and raise the awareness of IIPRES,
providing clinicians with diverse clues with which to
diagnose lesions located in infratentorial brain. Clinicians
should heighten the awareness of IIPRES and take
appropriate management timely in order to obtain a good
prognosis.
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