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Abstract
Purpose of Review To report a series of patients with clinical and radiological features suggestive of posterior reversible 
encephalopathy syndrome (PRES) related to diverse etiologies emphasizing its pathophysiological basis.
Recent Findings Posterior reversible encephalopathy syndrome (PRES) may present with a broad range of clinical symp-
toms from headache and visual disturbances to seizure and altered mentation. Typical imaging findings include posterior-
circulation predominant vasogenic edema. Although there are many well-documented diseases associated with PRES, the 
exact pathophysiologic mechanism has yet to be fully elucidated. Generally accepted theories revolve around disruption of 
the blood-brain barrier secondary to elevated intracranial pressures or endothelial injury induced by ischemia from a vaso-
constrictive response to rising blood pressure or toxins/cytokines. While clinical and radiographic reversibility is common, 
long-standing morbidity and mortality can occur in severe forms. In patients with malignant forms of PRES, aggressive care 
has markedly reduced mortality and improved functional outcomes. Various factors that have been associated with poor out-
come include altered sensorium, hypertensive etiology, hyperglycemia, longer time to control the causative factor, elevated C 
reactive protein, coagulopathy, extensive cerebral edema, and hemorrhage on imaging. Reversible cerebral vasoconstriction 
syndromes (RCVS) and primary angiitis of the central nervous system (PACNS) are invariably considered in the differential 
diagnosis of new cerebral arteriopathies. Recurrent thunderclap headache (TCH), and single TCH combined with either 
normal neuroimaging, border zone infarcts, or vasogenic edema, have 100% positive predictive value for diagnosing RCVS or 
RCVS-spectrum disorders. Diagnosis of PRES in some circumstances can be challenging and structural imaging may not be 
sufficient to distinguish it from other differential diagnostic considerations like ADEM. Advanced imaging techniques, such 
as MR spectroscopy or positron emission tomography (PET) can provide additional information to determine the diagnosis. 
Such techniques are more useful to understand the underlying vasculopathic changes in PRES and may answer some of the 
unresolved controversies in pathophysiology of this complex disease.
Summary Eight patients with PRES resulting from different etiologies varying from pre-eclampsia/eclampsia, post-partum 
headache with seizures, neuropsychiatric systemic lupus erythematosus, snake bite, Dengue fever with encephalopathy, 
alcoholic liver cirrhosis with hepatic encephalopathy, and lastly reversible cerebral vasoconstriction syndrome (RCVS). 
Additionally, a diagnostic dilemma between PRES and acute disseminated encephalomyelitis (ADEM) was notable in one 
patient. Some of these patients did not have or only very transiently had arterial hypertension. PRES may underlie the clini-
cal conundrum of headache, confusion, altered sensorium, seizures, and visual impairment. PRES need not necessarily be 
always associated with high blood pressure. Imaging findings may also be variable. Both clinicians and radiologists need to 
familiarize themselves with such variabilities

Keywords Posterior reversible encephalopathy syndrome (PRES) · Vasogenic cerebral oedema · Cytotoxic cerebral 
oedema · Eclampsia/pre-eclampsia · Neuropsychiatric systemic lupus erythematosus (NPSLE) · Reversible cerebral 
vasoconstriction syndrome (RCVS)
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Introduction

Long before the introduction of the acronym PRES, physi-
cians linked high blood pressure to brain damage. White 
matter abnormalities were observed earlier in eclampsia 
and particularly with cyclosporine-induced leukoencepha-
lopathy [1, 2]. In the 1980s, white matter edema on head 
CT was associated with hypertension. With the advent of 
brain MRI, the more posterior brain location was deter-
mined, and its reversibility with treatment noted [1–6, 
7••]. Currently, PRES is becoming increasingly recog-
nized, largely because of the wide availability of neuro-
imaging. The pathophysiology remains poorly understood, 
although endothelial dysfunction resulting in disruption 
of the BBB is recognized as the final common pathway 
irrespective of etiology. As a result, PRES is often con-
sidered as the definitive diagnosis in the setting of acute 
neurological symptoms among patients with renal fail-
ure, uncontrolled hypertension, use of cytotoxic drugs, a 
variety of autoimmune disorders, or eclampsia especially 
when focal neurological signs are not evident and patients 
complain of bilateral blurred vision bilaterally. Distin-
guishing radiological features of PRES include transient 
bilateral parieto-occipital T2 hyperintensities, single hem-
ispheric watershed area involvement, and frontal sulcal 
area involvement [8••, 9••, 10••]. Associated hemorrhage, 
restricted diffusion, contrast enhancement, and arteriolar 
vasoconstriction may also be seen in many cases. Given 
sufficient time and with appropriate supportive treatment, 
the white matter lesions generally resolve spontaneously. 
However, in severe cases, PRES might cause substantial 
morbidity and even death [5]. Hinchey et al. [7••] used 
this term for the first time and described fifteen patients 
who were already suffering from a wide variety of medical 
illnesses. In this communication, we report on our expe-
rience with seven cases of PRES of various etiologies, 
and one with a diagnostic difficulty and provide an update 
review of the available literature.

Case Reports

Case 1

A 27-year-old woman with 32 weeks gestational age and 
irregular antenatal check-up was admitted to the obstetric 
ward with acute onset of severe holocranial headaches, 
visual blurring, and vomiting. Blood pressure (BP) was 
170/110mm Hg. She had bilateral pedal edema and pro-
teinuria. She had emergency cesarean section delivering 
a live baby who needed resuscitative measures. Following 

delivery, the patient had three generalized seizures. The 
obstetricians treated her with IV magnesium sulfate and 
antihypertensives as her BP climbed to 190/110 mm Hg. 
Glasgow Coma Score (GCS) was 10. Funduscopy showed 
retinal vasospasm and blotchy hemorrhages. Head CT 
showed bilateral symmetrical hypodensities involving the 
parieto-occipital regions but stopping short of the central 
sulci (Fig. 1). Brain MRI showed symmetrical hyperin-
tensities in both parieto-occipital regions and in the pons 
on T2 weighted and FLAIR images (Figs. 2 and 3). She 
made a gradual recovery with restoration of vision and was 
discharged home after 2 weeks.

A follow-up brain MRI 3 months later showed complete 
clearing of the cerebral lesions but a discrete hypointensity 
(T1-weighted image) persisted in the pons (Fig. 4). BP was 
normal without anti-hypertensive drugs.

Comments This patient had classic features of pre-eclamp-
sia. Soon after delivery, she developed eclampsia. She also 
had typical features of PRES [11]. Pre-eclampsia/eclamp-
sia is primarily a placental disorder. Both poor placentation 
and hyper-placentosis are associated with this condition. It 
is posited that either an unknown factor or villous debris 
from the malformed placenta reach the maternal circula-
tion, inducing an immunological response from the mother’s 
system.

Fig. 1  Case 1. Non-contrast head CT shows bilateral symmetrical 
hypodensities in the parieto-occipital cortices suggestive of PRES
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The maternal response consists of immunological endothe-
lial damage with increased capillary permeability, raised 
fibronectin levels and electron microscopic evidence of dam-
aged endothelium. Coagulation abnormalities [12] occur, as a 
result of increased activation and consumption of platelets, low 
antithrombin levels, abnormal prostaglandin metabolism, and in 
a few cases, florid disseminated intravascular coagulation (DIC). 
Endocrine dysfunctions include activation of the renin-angio-
tensin aldosterone axis, abnormal catecholamines, and abnor-
malities in progesterone metabolism. These pathophysiological 

changes lead to hypertension, edema, proteinuria, bleeding ten-
dencies, neurological abnormalities and multiorgan dysfunction 
[13, 14••, 15,].

Case 2

A 27-year-old primigravida had two generalized tonic-clonic 
seizures 17 days after a full term normal delivery. She had 
regular antenatal check-ups and her BP had always been 
normal. Soon after seizures, her BP was 140/100 mm Hg. 
Urinalysis showed trace of albumin. She had been complain-
ing of severe headaches and bilateral visual blurring. Later, 
her BP came down to 120/80 mm Hg. Fundi showed optic 
disc swelling, retinal vessel narrowing, macular edema, and 
hemorrhages (Fig. 4 A and B). Brain MRI (T2 and FLAIR 
sequences) demonstrated patches of increased signal intensi-
ties in the white matter of frontal and parietal lobes mostly, 
with relatively sparing of the occipital lobes (Fig. 5). There 
was no MRV evidence of venous sinus thrombosis.

Comments Judging by the association with post-partum 
eclampsia, the brain MR features need to be considered as 
PRES although anatomically the involvement was more 
anterior than posterior. In patients with pre-existing epilepsy, 
seizures may occur specially during the second trimester as a 
result of hemodilution causing lowering of antiseizure drug 
level. Some subjects prone to develop epileptic seizures may 
have their first seizure during pregnancy possibly related to 
altered hormonal balance.[13]

In the present case, the seizures seemed to be related to 
PRES though occurring at an uncommon site, namely the 
frontal sulcal regions.

Fig. 2  A, B Case 1. Brain 
MRI in the same patient 
(T2-weighted sequences) show 
similar hyperintensities in the 
parieto-occipital cortices and 
pons

Fig. 3  Case 1. Follow-up brain MRI (T1 sequence) showing near 
complete clearing of the cortical abnormalities leaving behind a small 
hypointense area in the pons possibly due to residual gliosis
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Case 3

A 28-year-old woman, with no past history of seizures or 
pre-eclampsia, had an uneventful vaginal delivery under 
epidural anesthesia. She had regular antenatal check-ups 
and her blood pressure was normal. She slept well at night 
and periodic BP recordings were made which remained 
around 120/80 mmHg. On waking up the next morning, 
she had a dull headache. When her BP was re-checked, it 
was found to be satisfactory. Then, she became restless and 
soon she had a generalized tonic-clonic convulsion, which 
lasted for about 10 min. Immediately post-seizure, her BP 
was 140/90 mmHg but that settled between 120–130/70–80 
mmHg within the next hour. She had no pedal edema, nor 
any proteinuria. Neurological examination about two hours 
later did not demonstrate any focal signs with normal look-
ing fundi. EEG showed mild diffuse slowing with intermit-
tent symmetrical runs of delta activity over both posterior 
brain regions. The MR image (FLAIR sequence) revealed 
symmetrical areas of hyperintensity involving both occipi-
tal regions (Fig. 6). There was no extension of the lesions 

anteriorly. The features were highly suggestive of PRES. 
The reversible nature of the pathology could only be dem-
onstrated by a repeat MRI done at least 3 months later, and 
this could not be arranged. She remained well, with con-
trolled BP and had no recurrence of seizures. In essence, the 
underlying pathology seemed to be vasogenic edema. MR 
angiography and venography were normal.

Comments Radiological demonstration of PRES in a post-
partum scenario with headache and seizures, almost always 
is pathognomonic of pre-eclampsia/eclampsia. What is 
unique in the present case is that the patient never had any 
feature to suggest pre-eclampsia or pre-existing hypertensive 
disease prior to the occurrence of seizure and even post-
ictally. The question therefore arises whether the seizure rep-
resents occurrence of an underlying eclamptic process with-
out any overt clinical manifestation or this represents the first 
occurrence of an unprovoked epileptic seizure. Occurrence 
of symmetrically localized vasogenic edema following a sei-
zure of short duration would be highly unlikely. In the pre-
sent case, however, there had never been any documentation 

Fig. 4  A Case 2 (right eye) 
and B case 2 (left eye). Optic 
fundi show disc edema, arterial 
narrowing, macular edema, and 
hemorrhages

Fig. 5  Case 2. MRI of brain 
(FLAIR sequence) show hyper-
intense lesions in the frontal and 
parietal regions referred to as 
“sulcal” pattern of PRES



437Current Neurology and Neuroscience Reports (2023) 23:433–449 

1 3

of acute rise in BP nor other features of pre-eclampsia. 
Although the majority of patients with pregnancy-related 
PRES, typically present with severe hypertension, cases have 
been documented of patients with only mild hypertension or 
even normotension [13, 14••, 15,]. In view of these reports 
and having excluded other possible causes of seizures in the 
immediate post-partum period, we posited that the cause 
of PRES and subsequent seizure was most likely related to 
a pre-eclamptic/eclamptic process, even though the classi-
cal features had been absent, especially acute hypertension. 
Furthermore, it seems that a post-partum eclamptic process 
without classical features should be included in the evalua-
tion of patients presenting with post-partum headaches only 
but no seizures.

Case 4

A 44-year-old normotensive woman was admitted to hos-
pital after having had her first episode of a generalized 
tonic-clonic seizure followed by post-ictal vomiting. On 
admission, she was fully conscious, and oriented. There 
were no abnormal neurologic signs. In particular, she had 
no visual disturbances. BP was 180/110 mmHg; this set-
tled to 130/80 mmHg after about 6–8 h. EEG showed bilat-
erally symmetrical posteriorly dominant high amplitude (> 
100 uv) delta waves. Brain MR images showed bilateral 
symmetrical hyperintensities exclusively restricted to the 

white matter of the both occipital and posterior parietal 
lobes (Fig. 7). Additionally, there were microbleeds on 
either side. Of note, she had a history of snakebite one 
month back and had received anti venom serum.

Comments A major factor in the development of PRES in most 
patients is hypertension-related disorders like eclampsia. In the 
present case, the patient had not been known to be hypertensive 
and had no history suggestive of an eclamptic disorder during 
her pregnancies. A transient rise of BP was noted on admission 
which could be related to her having had a generalized seizure 
shortly before admission and other possible stressors. Her BP 
was normal soon after settling down in the ward. Thereafter, it 
remained normal without being on any antihypertensive drug. 
So, this transient rise in her BP is unlikely to be a cause for her 
PRES. In fact, her seizure was most likely caused by PRES, 
which is well known. The patient gave a history of a snakebite 
(possibly viper) 1 month back following which she was admitted 
to another institution. She received anti-venom serum injection, 
which is a routine practice. She also developed acute kidney 
injury (AKI) with marked oliguria for which she received hemo-
dialysis and got better.

The question then arises—which one of these three fac-
tors caused her PRES?

A few cases of PRES following snakebite have been 
previously reported. Snake venom might have cytotoxic, 
hypotensive, neurotoxic, and anticoagulant or procoagulant 
effects. These snake toxins account for the local and systemic 
clinical manifestations of snakebite depending on the species 
of the snakes [16•]. While such toxins may be implicated 
in the pathogenesis of central nervous system (CNS) and 
renal manifestations, venom neurotoxins also have blocking 
action at the neuromuscular junction resulting in a paralytic 
syndrome resembling botulism. CNS effects of snakebite 
cannot be a direct effect of venom as the venom toxins do not 
cross the BBB [17•]. Both ischemic as well as hemorrhagic 
strokes may follow snakebites. While the anticoagulant 
properties of some of the toxins may explain the causation 
of hemorrhagic stroke, the exact pathogenetic mechanism for 
ischemic stroke is unknown. Potential mechanisms include 
toxin-induced hypercoagulability, systemic hypotension, 
thrombotic microangiopathy, immune-mediated vasculitis, 
and venom-induced endothelial damage [18, 19]. The latter 
may have a role in the genesis of PRES following snakebite 
through endothelial leakage causing vasogenic edema, or a 
direct toxic effect on small vessels causing cytotoxic edema 
or demyelination. All these processes can be reversible [20].

The polyvalent antivenom that the patient received is also 
not free of serious side effects and may be causally related 
to PRES [21].

Lastly, development of PRES following both peritoneal 
and hemodialysis have been reported [22, 23].

Fig. 6  Case 3. MRI [FLAIR sequence] of brain show bilateral sym-
metrical hyperintensities in the occipital cortices suggestive of PRES
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So, several factors might have contributed to this patient’s 
development of PRES of which the endothelial damaging 
effect of the venom toxins seems to be the major one.

Case 5

A 29-year-old woman was admitted with a 6-month history 
of gradually developing generalized weakness and body 
aches, abnormal behavior, generalized skin rash, joint pain, 
low-grade fever, and hair loss—all developing gradually 
over the preceding 6 months. Her relatives noticed some 
behavioral abnormality with steady cognitive decline. Addi-
tionally, she had intermittent headaches, visual hallucina-
tions, depressed mood, reduced attention span, and anxiety. 
By the time of hospital admission, she was bed bound with 
moderately severe body aches, which aggravated with move-
ments. Skin rash developed over face and was centripetal in 
nature, flat, non-scarring, non-itchy, and non-scaly, healed 
with dark pigmentation. She had small joints pain but no 
joint swelling or deformities. She was febrile on admission 
(101 °F). and a generalized maculopapular rash was present. 

Hair loss with similar rash over her scalp was noted. She was 
conscious and oriented. No obvious cognitive decline could 
be ascertained at bedside clinical examination. Visual acuity 
in both eyes was normal and she did not have any visual field 
deficit on confrontation. Funduscopy showed soft yellow 
exudates in the retina suggestive of chorioretinitis. She had 
grade 3/5 strength in the proximal muscles of all four limbs 
with intact muscle stretch reflexes and bilateral flexor plantar 
responses. She was normotensive.

On the second day of admission, she had a generalized 
tonic-clonic seizure following which she remained unarous-
able with a GCS varying between 5 and 6. There were no 
meningeal signs and she had bilateral Babinski signs.

Routine laboratory examinations showed mild anemia, 
normal leucocyte, and platelet counts, raised ESR but nor-
mal CRP, raised LDH and CK levels. Immunological param-
eters included the following: ANA (Hep-2 cell line) 1:160 
dilution: positive; SSA: positive; dsDNA: strongly positive; 
ribosomal-P-protein: strongly positive. EEG showed post-
ictal changes. EMG demonstrated a myopathic pattern. 
Nerve conduction studies showed changes compatible with 
early axonopathy in the lower limbs. Brain MRI without 

Fig. 7  Case 4. Brain MRI (T2 sequence) show bilateral symmetrical white matter hyperintensities in the parieto-occipital regions suggestive of 
PRES
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contrast showed bilateral near symmetrical white matter 
hyperintensities in the parieto-occipital regions and scattered 
hyperintensities in both fronto-parietal regions suggestive 
of PRES. (Fig. 8). She received a pulse dose of methylpred-
nisolone intravenously daily for 5 days, and then placed on 
tapering dose of corticosteroids. Subsequently, she was on 
oral prednisolone, hydroxychloroquine, and monthly doses 
of cyclophosphamide. After about 3 months, she had signifi-
cant improvement in her motor functions and cognition and 
did not have any further seizures. Repeat brain MRI showed 
resolution of the parieto-occipital hyperintensities.

Comments This young woman presented with a relatively 
short history of fever, general weakness, joint pain without 
swelling/deformity, muscle weakness, and skin rash espe-
cially on exposure to sun. All these features in association 
with strongly positive ANA and dsDNA suggested a diag-
nosis of SLE. Furthermore, she had neurological and psy-
chiatric issues, and hence, the complete diagnosis should be 
neuro-psychiatric SLE (NPSLE) [24••, 25].

The next question is whether she could be labeled as hav-
ing an overlap syndrome. Patients with mixed connective 
tissue disorder (MCTD) classically have few features of SLE 
and few features of systemic sclerosis. She had none of the 
latter. The immunological markers of MCTD are high titers 
of autoantibodies to ribonucleoprotein (RNP or more spe-
cifically U1-RNP) and absence of anti-Sm and anti-DNA 
[26] antibodies. Such patients also have a high incidence of 
pulmonary hypertension. This patient did not have any such 
features. However, she did have electrographically proven 
myopathy, raised muscle enzymes, and myoglobinuria—all 
pointing towards an inflammatory muscle disease. Further-
more, her scalp skin biopsy showed features similar to der-
matomyositis. Hence, taking all these into account, while 
she might not have a classic picture of MCTD, she may 

be diagnosed as having an overlap syndrome with neuro-
psychiatric symptoms. The non-contrast MR imaging of the 
brain showed symmetrical extensive hyper-intensities in the 
subcortical white matter, especially in the posterior regions, 
making a somewhat gyriform appearance, in T2-weighted 
and FLAIR sequences . This pattern is highly suggestive of 
PRES developing in a case of NPSLE [27, 28•]. PRES asso-
ciated with SLE may not be totally reversible, especially if 
associated with microhemorrhages and microinfarcts. There 
indeed are important differentials of PRES to consider in 
patients with SLE. These are infections, microinfarcts, 
venous sinus thrombosis, and lastly demyelination [29, 30, 
31••, 32, 33,].

Case 6

A 68-year-old-woman without any preexisting comorbidity, 
presented with history of fever for 5 days followed by altered 
sensorium for last 2 days and generalized tonic-clonic sei-
zures in the 24 h prior to admission. On admission, she was 
febrile and tachypneic. Blood pressure was 80/60 mmHg. 
GCS was 7/15. She had bilateral Babinski signs.

Routine hematological studies showed thrombocytopenia 
(platelets 36,000/cmm). Biochemical profile demonstrated 
deranged hepatic and renal profiles. Dengue NS1 antigen 
and IgM antibody were positive. Chest X-ray and abdominal 
ultrasound were normal. Cerebrospinal fluid (CSF) protein 
content was elevated (80 mg%) with normal glucose and 
cell count.

Her sensorium remained unaltered even after 5 days with 
conservative and supportive treatment. The possibility of 
dengue encephalopathy/encephalitis was considered. Brain 
MRI showed (Fig. 9) bilateral symmetrical hyperintensities 
in the parieto-occipital subcortical white matter. There was 

Fig. 8  Case 5. T2-weighted 
MRI suggestive of PRES
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no diffusion restriction, no contrast enhancement, and no 
GRE blooming. MRI findings were consistent PRES.

Supportive treatments were continued and she showed 
gradual improvement in her sensorium over the next 2 days. 
However, on regaining her senses, she complained of blur-
ring of vision in both eyes. Visual acuity was down to 6/36 
in both eyes. Fundoscopy and pupillary reactions were nor-
mal, suggesting the visual loss to be of cortical in origin. A 
repeat brain MRI (Fig. 10) was done 2 weeks later showed 
complete resolution of the hyperintense lesions. Her vision 
improved to 6/12 at the time of hospital discharge.

Comments In this patient, the clinical and radiological pic-
tures are vastly different from what is generally noted with 
dengue virus neuroinvasion. The symmetrical T2 hyperin-
tensities seen in the parieto-occipital cortices, which ulti-
mately disappeared with clinical improvement, were due to 
PRES rather than dengue encephalitis. Furthermore, bilat-
eral cortical visual loss could be demonstrated when her sen-
sorium improved. This is not described in cases of dengue 
encephalitis [34, 35].

The other differential related to dengue infection would 
be dengue-related ADEM. This is an immune mediated syn-
drome with features like multifocal scattered white matter 
and grey matter lesions seen radiologically with an abnormal 
CSF with raised protein content, pleocytosis and often oligo-
clonal bands [36]. ADEM generally responds to high dosage 

of corticosteroids. This patient had clinical improvement as 
well as reversibility of the lesions only with supportive treat-
ment without any use of steroids suggesting the diagnosis of 
PRES rather than ADEM [37••].

In dengue, two major mechanisms seem to be operative 
in the genesis of PRES. Vasogenic edema may occur due 
to failure of autoregulation of cerebral blood flow, either 
dysregulated vasodilatation or vasoconstriction. Addition-
ally, toxin-induced damage to the endothelium causing 
cytotoxic edema may also occur. This leakage may be in 
the brain causing PRES like changes as well as generalized 
cerebral edema causing dengue encephalopathy [38, 39]. 
Furthermore, fluid accumulation in various serous cavities 
of the body may lead to loss of intravascular fluid volume 
and dengue shock syndrome. Platelet activation and secre-
tion of platelet activating factor (PAF) and release of nitrous 
oxide are other implicated pathologic mechanisms [40, 41].

Case 7

A 56-year-old man with alcoholic liver cirrhosis with por-
tal hypertension was admitted as an emergency after being 
found less responsive following an episode of upper gas-
trointestinal bleeding presumably from esophageal varices. 
The bleeding varices were treated with sclerotherapy. He 
remained with a GCS of 8/15 with a diagnosis of hepatic 

Fig. 9  Case 6. FLAIR image shows symmetrical hyperintense lesions 
in the parieto-occipital regions suggestive of PRES

Fig. 10  Case 6. MRI of brain (FLAIR) 2 weeks later showing com-
plete disappearance of previous hyperintense lesions
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encephalopathy (HE) grade 2. He then had two episodes of 
generalized tonic-clonic seizures in quick succession. He 
was started on parenteral levatiracetam. Liver functions were 
grossly abnormal with more than 100% increase in serum 
levels of the transaminases and alkaline phosphatase. Arte-
rial ammonia raised to 180 μg/dL. INR was 3.4. He was 
receiving the usual treatment for HE along with mannitol.

EEG showed generalized slowing of the background con-
sisting mostly of theta rhythm and high amplitude (> 100 
uv) delta waves. No triphasic waves or any electrographic 
seizure discharges were recorded. Brain MRI is depicted 
below (Fig. 11)

Such MRI findings are consistent with PRES [42••], 
though slightly atypical in the sense that the lesions did 
not involve the occipital regions. Also, the reversibility of 
the lesions could not be demonstrated here as the causa-
tive illness (namely decompensated liver cirrhosis with HE) 
remained incurable.

Comments The imaging features are slightly atypical but 
was consistent with fluid accumulation in the white matter 
in a symmetrical manner, though not strictly in the pari-
eto-occipital regions. However, reversibility could not be 
demonstrated. Earlier, PRES had been described in patients 
with fulminant hepatitis and HE [43, 44]. The lesions seen 
in this patient’s brain imaging represents vasogenic edema 

remaining localized in the white matter region only. Other 
possible etiologies, including exaggerated immune response 
or cytokine release may enhance systemic endothelial activa-
tion. Alcohol per se probably had no significant role in the 
genesis of PRES either as the patient had abstained from 
alcohol for the previous 18 months or so since the diagnosis 
of liver cirrhosis had been made. A differential autoregula-
tory mechanism of cerebral blood flow between the ante-
rior and posterior regions of the brain, related to differential 
autonomic innervations of the arterioles and pial vessels 
arising from the anterior and posterior cerebral circulations, 
is thought be the reason behind the posterior locations of 
PRES in most cases [45, 46••]. However, how relevant this 
hypothesis would be in relation to the present case is doubt-
ful. Development of PRES-like lesions appeared to be the 
most likely reason for onset of seizures in the present case.

Case 8

A 48-year-old woman presented to the ER with history sug-
gestive of thunderclap headache (TCH) precipitated by some 
unaccustomed exercise in form of carrying two bucket full 
of water over one flight of stairs. She was a known hyperten-
sive and was on metoprolol 50 mg daily. At the ER, her BP 
was 170/100 mmHg. She was fully conscious and oriented. 
She had no meningeal signs. She had no visual symptoms 
and her fundi were normal. A plain head CT excluded suba-
rachnoid or intracerebral bleeding. CSF was clear with no 
xanthochromia. She was treated with rest, antihypertensives 
and nimodipine because of strong suspicion of reversible 
cerebral vasoconstriction syndrome (RCVS) as the underly-
ing cause. MRI brain and MRA (TOF) were done the next 
morning. The relevant pictures are given in Fig. 12 A and 
B). Headache completely settled in about 72 h, and her BP 
was also controlled.

Comments This patient presented with typical history of 
TCH precipitated by unaccustomed exercise and intracranial 
bleeding had been excluded. In the present case, the MRA 
clearly showed multiple areas of segmental narrowing sug-
gestive of vasoconstriction/spasms which included the trunk 
of the basilar artery as well. So, the underlying pathology 
here had been RCVS though reversibility had not been dem-
onstrated. The MR imaging of brain revealed symmetrical 
areas of hyperintensities in T2 sequences in both occipital 
areas as also in the right parasaggital region. These changes 
were suggestive of PRES, a common sequelae of RCVS.

Having found such significant abnormalities both in the 
cerebral vasculature and in the brain parenchyma, we can-
not diagnose her headache as a case of “primary” exercise 
induced headache. This should be classified as a secondary 
headache disorder and designated as acute heada che attri 

Fig. 11  Case 7. Axial T2-weighted MR imaging of the patient show-
ing multiple symmetrical patchy hyperintense lesions strictly local-
ized in the white matter of both cerebral hemispheres, extending from 
the frontal regions up to the posterior parietal regions, but partially 
sparing the occipital regions

https://ichd-3.org/6-headache-attributed-to-cranial-or-cervical-vascular-disorder/6-7-headache-attributed-to-other-acute-intracranial-arterial-disorder/6-7-3-headache-attributed-to-reversible-cerebral-vasoconstriction-syndrome-rcvs/6-7-3-1-headache-probably-attributed-to-reversible-cerebral-vasoconstriction-syndrome-rcvs/


442 Current Neurology and Neuroscience Reports (2023) 23:433–449

1 3

buted  to RCVS The presenting symptom of thunderclap 
headache would also be classified as secondary.

Features associated with RCVS are TCH, evidence for 
vasoconstriction of the intracranial arteries that reverses 
without specific therapy within 3 months and normal or 
near-normal CSF analysis. RCVS is possibly related to tran-
sient dysregulation of cerebral vascular tonicity resulting 
in multifocal arterial constriction and dilatation; however, 
the exact pathophysiology is unknown [47••, 48–51, 52•].

The major differential is with primary angitis of the CNS 
(PACNS). Both conditions have overlapping clinical features 
and demographics. The clinical setting in which symptoms 
developed, especially triggers such as vasoconstrictive drugs 
or childbirth, are different—the former favoring PANCS and 
the latter RCVS. The onset of headache in RCVS is usu-
ally dramatic (TCH), with patients rushed to ER for urgent 
evaluation. In absence of aneurysmal rupture, recurrent TCH 
is virtually diagnostic for RCVS; recurrences do not occur 
in any other condition associated with TCH. PACNS onset 
is generally insidious, with dull headaches and progressive 
neurologic deficits. RCVS patients present with raised BP 
and headache and the BP generally settles down quickly. 
Focal neurologic deficits are more common in PACNS, and 
these include hemiparesis and dysphasia. Cortical visual 
symptoms are commoner in RCVS, due to the posterior loca-
tion of the associated PRES. It has been opined that Balint’s 
is mostly caused by RCVS with PRES.

Patients with RCVS may have normal neuroimaging 
despite widespread vasoconstriction, or may reveal a spec-
trum of abnormalities. The picture may change from day to 
day. The abnormalities include infarcts, often multiple, at 
times hemispheric border zones, parenchymal hemorrhages, 
convexity subarachnoid hemorrhages and vasogenic oedema 
(PRES). A normal scan in a patient with acute headache 
becoming abnormal within a few days time is classical of 

RCVS. PANCS patients, on the other hand, present with 
lesions in the initial scans. Such lesions are usually infarcts, 
often involving deep structures in the brain and brain stem. 
The FLAIR “dot sign” is more common in RCVS and is 
associated with PRES, supporting the hypothesis of distal 
vasoconstriction–vasodilation as a common pathophysio-
logic mechanism. Finally, it appears that recurrent TCH, or 
the combination of single TCH with normal brain imaging 
or cortical-only infarctions or vasogenic edema, probably 
has a predictive value of 100% for the diagnosis of RCVS.

PRES has been reported in 8–38% of RCVS cases in sev-
eral series. Conversely, RCVS vascular changes have been 
noted in cases of PRES. These reports suggest a causal link 
between the conditions. PRES has similar clinical features 
as RCVS with headache, blurred vision, and seizures in the 
setting of bilateral, reversible vasogenic edema predomi-
nantly in the posterior cortical regions on CT and MRI. The 
vasogenic edema usually reverses completely, but can be 
complicated by hemorrhage or ischemic stroke. These occur 
in similar watershed locations to strokes in RCVS. PRES 
is commonly associated with hypertension as is RCVS, 
although 20–30% of patients with PRES are normotensive. 
The overlap in clinical and imaging features of RCVS and 
PRES suggest the two conditions may represent a spectrum 
of the same pathophysiological process

Case 9

A 74-year-old retired physician was admitted with a 5 days 
history of recent onset of acute confusion along with occa-
sional comprehension of speech problem and lapses in 
recent memory. He also had difficulty in wearing clothes in 
the right way and developed difficulty in reading the news-
paper. He became incontinent. He was normotensive and 

Fig. 12  A, B Case 8. A 48-year-
old-woman presented with 
thunderclap headache precipi-
tated by unaccustomed exercise. 
Intracranial bleeding was 
excluded. BP was 170/100 mm 
Hg. T2-weighted sequence MRI 
shows typical changes of PRES 
in both occipital regions, and 
MRA (time of flight sequence) 
revealed segmental narrowing 
in multiple cerebral arteries 
(RCVS)
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euglycemic. He was maintaining all activities of daily living 
reasonably well prior to the present illness.

Examination showed a disoriented elderly man with some 
restlessness and cognitive decline in the form of impaired 
recent memory, comprehensive speech defect, inability to 
write or read along with difficulty in putting his shirt on. 
Visual acuity was difficult to assess because of his confu-
sion. There was no paresis of limbs. Muscle stretch reflexes 
were symmetrically brisk. He had bilateral Babinski signs. 
There were no meningeal signs. Routine hematological and 
biochemical investigations including thyroid function tests, 
thyroid autoantibody profile, and serum ammonia levels 
were all within normal limits. Connective tissue disease 
markers were all negative. CSF was normal except for a 
small rise in the protein content at 75 mg%. Chest X-ray was 
normal. Brain MRI showed bilateral symmetrical hyperin-
tensities in the white matter of the parieto-occipital regions 
on T2-weighted FLAIR images. Several dots of hypointen-
sity were detected in the hyperintense regions suggestive 
of microbleeds (Fig. 13). Restricted diffusion with hyper-
intensity was noted in DW1 images. In view of the patient 
being normotensive and the restricted diffusion noted in the 
DW1 images, we favored a diagnosis of hemorrhagic ADEM 
over PRES with microbleeds. The patient was given a single 
dose of methylprednisolone intravenously by infusion, and 
within 12 h, his confusion improved. Four more doses of 
methylprednisolone were administered over the next 4 days 
followed by a tapering course of oral steroids. The patient 
became fully alert and oriented. A repeat brain MRI after 

3 months showed complete resolution of the lesions in the 
parieto-occipital lobes (Fig. 14).

The patient remained well for the next 8 months when he 
again developed intermittent disorientation and short-term 
memory lapses. He was re-investigated. While hematologi-
cal and biochemical parameters remained normal, MRI of 
the brain again revealed bilateral hyperintensities mostly in 
the posterior regions of both cerebral hemispheres (Fig. 15).

This time he was treated with oral methylprednisolone 
48 mg daily for the first week after which the dosage was 
gradually tailed off. He became normal by 1 week and had 
remained so when last evaluated 4 months later except for 
occasional problems with short-term memory.

Comments The present case highlights an important diag-
nostic puzzle—differentiating PRES from hemorrhagic 
ADEM as microbleeds may occur in both conditions. At 
the initial stage of management, absence of hypertension 
favored the diagnosis of ADEM rather than PRES. Further-
more, the presence of diffusion restriction in DW1 sequences 
had also been a pointer in favor of ADEM rather than PRES. 
However, diffusion may be restricted in a small percentage 
of patients with PRES as well [53••]. Lastly, the rather 
dramatic improvement in the clinical status of the patient 
with resolution of the lesions on MR imaging, following 
use of parenteral corticosteroids favored the diagnosis of 
a demyelinating disorder. In general, corticosteroids are 

Fig. 13  Case 9. MRI brain (FLAIR sequence) showing extensive 
hyperintensities symmetrically over both parieto-occipital regions 
with multiple dots of hypo-intensities suggestive of microbleeds

Fig. 14  Case 9. Brain MRI (FLAIR sequence) show resolution of 
PRES related changes in 3 months’ time
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contraindicated in PRES as they may lead to clinical dete-
rioration [53•]. However, rarely corticosteroids may enhance 
recovery in some patients with PRES when usual supportive 
measures fail to produce any improvement in clinical status 
[54–56].

This patient had a relapse of his disease 8 months later 
with re-appearance of similar MRI features. Clinical ben-
efit was obtained with use of oral corticosteroids. It is well 
known that ADEM is not always a monophasic illness and 
both recurrent and relapsing forms of the disease have been 
described [57••]. In the present case, with a gap of eight 
months between the two episodes, a diagnosis of recurrent 
ADEM was entertained. On rare occasions, PRES may be 
recurrent as well if the primary causative disease continues 
to persist [58•, 59,]. In a cohort study of eighteen children 
with renal disease, two patients each had three recurrent 
hypertensive episodes triggering PRES, with the earliest 
recurrence as early as 5 months after the initial episode 

[60•, 61]. Recurrent PRES may be triggered by hyperten-
sion, inflammation or endothelial injury [60•]. The present 
case experienced recurrence of PRES like MRI changes 8 
months after hospital discharge which is similar to other 
cases previously described [30]. There is debate on the true 
reversibility of PRES, as complications including intracra-
nial hemorrhage and permanent neurologic sequelae have 
been reported [62••, 63•, 64,].

General Comments

PRES is now a well-recognized neurological disorder. It is 
characterized predominantly by white matter edema affecting 
the occipital and posterior parietal lobes of the brain. In most 
cases, the pathology is reversible if properly treated. The funda-
mental pathophysiological mechanism of PRES in most cases is 
dysregulation of the autoregulatory mechanism of the cerebral 

Fig. 15  Case 9. Brain MRI (T2 sequence) show re-appearance of PRES lesions 8 months from the first episode
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circulation. One hypothesis is that high blood pressure causes 
cerebrovascular autoregulation failure, resulting in hyperperfu-
sion. Another is that hypoperfusion is caused by dysregulated 
vasospasm developing as a response to high blood pressure to 
maintain constancy of cerebral perfusion.

In either case, there is endothelial damage at the BBB. 
Some toxic inflammatory cytokines may cause BBB damage 
indirectly by altering the luminal diameter of feeding arte-
rioles. Hypoperfusion may also result from clogging of the 
microvasculature by parasitized red blood cells in cerebral 
malaria producing the same effect [65••].

The characteristic neuroimaging abnormality in PRES is 
the presence of white matter signal changes localized to the 
parieto-occipital regions of the brain. White matter signal 
changes are usually symmetric and tend to spare the calcar-
ine and paramedian parts of the occipital lobes and often do 
not extend beyond the sylvian fissure. Many atypical struc-
tures such as the frontal lobes, temporal lobes, basal ganglia, 
cerebellum, brainstem, and thalamus may also be involved, 
but in lesser frequency [8••]. Importantly, PRES needs dif-
ferentiation from cerebral venous sinus thrombosis, poste-
rior circulation strokes specially basilar artery thrombosis, 
primary vasculitis of CNS and autoimmune encephalitis.

Concluding Remarks

PRES is a major manifestation in patients who are hyperten-
sive, have renal disease, post-partum, or have a sepsis syn-
drome. Hemorrhages in areas of vasogenic oedema occur in 
10–20% of cases, and PRES should be suspected in patients 
with a sudden surge of hypertension, poor kidney function, 
autoimmune disease, and evolving gram-positive sepsis. The 
pathogenesis is unclear. Both occurrence of vasogenic and 
cytotoxic oedema had been proposed. A closer look at the 
cases cited in this communication would suggest that in most 
both factors tend to play a part. The fundamental problem 
is one of cerebrovascular circulatory dysregulation with 
vasodilatation causing excess exudation of water and plasma 
out of the arterioles causing vasogenic oedema and vasocon-
striction causing tissue hypoperfusion inducing cytotoxic 
oedema. Cytotoxic edema may also result from inflamma-
tory states through liberation of toxins and cytokines and 
hypoperfusion as in sepsis with encephalopathy.
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