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History A 25-year-old woman with recently diagnosed systemic lupus erythematosus and class IV lupus nephritis confirmed with
biopsy and treated with mycophenolate mofetil presented with a 2-day history of progressively worsening edema of her face and lower
extremities. She had no antecedent infection or vaccination. She was admitted to the hospital and treated with methylprednisolone,
furosemide, and C1 esterase inhibitor. On hospital day 2, she experienced a witnessed generalized tonic-clonic seizure. At that time, she
became hypoxic and was intubated for airway protection. Her laboratory study results preceding the seizure were remarkable for hypo-
natremia, with a blood sodium level of 122 mEq/L (122 mmol/L) (normal range, 135145 mEq/L [134-145 mmol/L]), which was
corrected to 137 mEq/L (137 mmol/L) over 48 hours. Same-day cerebrospinal fluid analysis was unremarkable, and unenhanced head
CT findings (not shown) were normal, with no evidence of intracranial hemorrhage or edema.

Her subsequent hospital course was complicated by renal failure requiring continuous renal replacement therapy, hypertension (systolic
blood pressure ranging from 140 to 190 mm Hg), anemia requiring blood transfusions, thrombocytopenia, and pneumonia. She re-
mained intubated with a limited neurologic examination due to sedative medications until hospital day 10. After extubation, she was
noted to have a right gaze preference. She was able to speak in short phrases and follow simple commands. Neurologic examination
was notable for drowsiness, right gaze deviation, direction-changing torsional nystagmus, horizontal ophthalmoplegia, and generalized
symmetric weakness without upper motor neuron signs. The following day (hospital day 11), unenhanced MRI of the brain was per-
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formed along with MR angiography of the brain. Biopsy of the temporal artery was normal, without evidence of inflammation.

Part one of this case appeared 4 months previously and may contai

larger g

Imaging Findings

Axial diffusion-weighted images (Fig la, 1d) showed
symmetric areas of bilateral paramedian thalamic and
pontine hyperintensity that had corresponding hypoin-
tensity on the apparent diffusion coefficient map (not
shown); this was compatible with diffusion restriction
and was thought to represent cytotoxic edema. Axial
T2 fluid-attenuated inversion recovery images (Fig
1b, 1le) showed more extensive confluent T2 hyperin-
tensity with swelling involving the bilateral thalami,
brainstem, and middle cerebellar peduncles, compat-
ible with vasogenic edema. Within the areas of dif-
fusion restriction, the susceptibility-weighted images
(Fig 1c, 1f) showed punctate hypointensity within the
areas of restricted diffusion in the bilateral thalami and
pons, compatible with microhemorrhages. Meanwhile,
MR angiography of the circle of Willis (Fig 2) showed
no stenosis of the basilar artery. There were subtle short
segment stenoses involving bilateral external carotid
arteries, the right V4 segment, and the right P2 seg-
ment. This was confirmed with diagnostic catheter an-
giography (not shown). However, biopsy of an affected
narrowed temporal artery revealed no evidence of
vasculitis. At 1-month follow-up in the setting of im-
proved symptoms and treatment of hypertension, axial
diffusion-weighted images (Fig 3a, 3d) showed reso-

lution of the prior diffusion restriction involving the
paramedian thalami and pons. In addition, axial T2
fluid-attenuated inversion recovery imaging (Fig 3b,
3e) showed resolution of the prior extensive conflu-
ent T2 hyperintensity and associated swelling involv-
ing the bilateral thalami, pons, and middle cerebellar
peduncles. Meanwhile, axial susceptibility-weighted
imaging (Fig 3c, 3f) showed persistent punctate mi-
crohemorrhages in the bilateral thalami and pons.

Discussion

This case presented a diagnostic challenge. Given the pa-
tient’s array of clinical symptoms, aberrancies in serum
chemistries, and complicated medical history, a thorough
diagnostic work-up was performed, including repeat cere-
brospinal fluid analyses and serum diagnostic studies. As
these tests were largely unrevealing, brain MRI was instru-
mental in first indicating the diagnosis of central-variant
posterior reversible encephalopathy syndrome (PRES). The
key features on MRI scans that led to this diagnosis were the
extensive bilateral symmetric T2 hyperintensities with punc-
tate areas of hemorrhage. With conservative medical man-
agement, this patient’s neurologic symptoms nearly resolved
within 2 weeks. We subsequently confirmed the diagnosis
of PRES when the vasogenic edema rapidly improved, and
edema completely resolved by 1 month (Fig 3).
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Figure 1: Images obtained at the level of the (a, b, ) thalami and (d, e, f) pons. (a, d) Axial diffusion-weighted MRI scans (repetition time msec/echo time msec,
6887 /76; bvalue = 1000 sec/mm?) show symmetric areas of bilateral paramedian thalamic and pontine hyperintensity (arrows) that had corresponding restriction on the
apparent diffusion coefficient map (not shown). (b, €) Axial T2-weighted fluid-attenuated inversion recovery MRI scans (repetifion time msec/echo fime msec/inversion time
msec, 11.000,/99/2650) show confluent T2 hyperintensity throughout the bilateral thalami, pons, and middle cerebellar peduncles. (¢, f) Axial susceptibility-weighted MRI

scans (51,/24) show punctate hypointensity (arrows) within the areas of restricted diffusion in the bilateral thalami and pons.

PRES was first described in 1996, with the very first patient
in that original case series also presenting with systemic lupus
erythematosus (SLE) and hypertensive encephalopathy (1).
Since its first description, PRES has been increasingly recog-
nized in patients with SLE. Case series have shown that among
patients with SLE, PRES is most common in young women
who have concurrent hypertension and renal disease, as well as
those treated with steroid-sparing cytotoxic immunosuppressive
medications (2,3). Typical clinical symptoms of PRES include
headache, encephalopathy, vomiting, visual disturbances, and
seizure. The pathophysiology of PRES is thought to be related
to rapid fluctuations in blood pressure leading to cerebrovascular
autoregulatory failure and endothelial dysfunction. One pro-
posed mechanism of PRES in patients with SLE is activation of
T cells resulting in production of inflammatory cytokines, which
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may contribute to cerebral endothelial dysfunction. Inflamma-
tory cytokines may also trigger intracranial vessels to produce
nitrous oxide, a vasodilator that can lead to breakdown of the
blood-brain barrier, further predisposing patients to cerebral va-
sogenic edema (2,4). Anticardiolipin antibodies may also play a
role in endothelial activation (5). Cytotoxic medications, such as
tacrolimus, vascular endothelial growth factor inhibitors, and cy-
closporine, which are often used to treat SLE and other inflam-
matory diseases, as well as malignancy, may also induce PRES
(3). The exact pathophysiology is uncertain, but in cases associ-
ated with tacrolimus and vascular endothelial growth factor in-
hibitors, it is likely related to induction of systemic hypertension
(6,7). Cyclosporine has a direct cytotoxic effect on vascular en-
dothelium and generates release of vasoconstrictive substances,
which may lead to cerebral hypertension (1). PRES is frequently
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Three-dimensional time-of-flight maximum intensity projection MR an-
giogram of the circle of Willis shows no stenosis of basilar arfery. There is subtle
short-segment stenosis involving the bilateral external carotid arteries, right V4 seg-
ment, and right P2 segment (arrows).

Figure 2:

reversible with supportive care and withdrawal of the offending
agent (if implicated), although cytotoxic edema and hemorrhage
can complicate recovery of symptoms (8).

Classic imaging findings of PRES include T2 hyperintense
vasogenic edema that is most pronounced in the occipital and
parietal lobes, as well as the watershed zones of the frontal lobes,
temporal lobes, and cerebellum (9). The cortical and subcortical
regions are also often affected. There can be associated areas of
cytotoxic edema on diffusion-weighted images and hemorrhage
on susceptibility-weighted images, as in this case. There can also
be associated contrast enhancement, although this patient did
not receive a gadolinium-based contrast agent because of her re-
nal insufficiency. MRI findings are usually reversible, but areas
of cytotoxic edema and hemorrhages may result in persistent
abnormalities at follow-up imaging. Vascular abnormalities in
patients with PRES can be seen on MR angiograms and cath-
eter angiograms, typically with reversible focal or diffuse vessel
irregularity or pruning of distal intracranial arteries (10).

Atypical regions of signal abnormality due to PRES have
been described, including brainstem variants that were initially
termed hypertensive brainstem  encephalopathy (11,12). Cases
involving the brainstem or basal ganglia but lacking cortical
or subcortical cerebral edema, as seen in this patient, were de-
scribed by McKinney et al, who advocated for the more inclusive
term central-variant PRES (13). Central-variant PRES was first
reported in the setting of SLE in 2010 (14). There are no known
risk factors that predispose patients to this atypical variant of

PRES.
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The differential diagnosis for this case also included lupus-asso-
ciated central nervous system vasculitis, osmotic myelinolysis syn-
drome, inflammatory demyelination, reversible cerebral vasocon-
striction syndrome, rhomboencephalitis, and infiltrative glioma.

Manifestations of lupus-associated central nervous system
vasculitis include strokes due to thrombotic events, cognitive
dysfunction, and psychosis (15). While SLE is commonly asso-
ciated with cutaneous or visceral vasculitis, cerebral vasculitis is
rare. However, cerebral vasculopathy without true vasculitis has
been described at autopsy in up to 65% of patients with lupus;
the pathogenic mechanism is thought to be related to antiphos-
pholipid antibodies (15,16). Central nervous system vasculitis
was ruled out in this patient based on normal cerebrospinal fluid,
normal temporal artery biopsy without inflammation, and rapid
clinical improvement of the neurologic symptoms. We suspect the
intra- and extracranial vessel vasoconstriction in this patient was
likely related to an underlying vasculopathy associated with lupus
and superimposed PRES, although she did not undergo repeat
vascular imaging.

Osmotic myelinolysis was also considered as a possible cause
given this patient’s hyponatremia, which required sodium cor-
rection. The rate of this patient’s sodium correction was far below
the 12 mmol/L/day rate at which this syndrome typically occurs
(17). Classic MRI findings in osmotic myelinolysis include sym-
metric trident-shaped hyperintensity on T2-weighted sequences
in the central pons, typically sparing the lateral pons and corti-
cospinal tracts. Extrapontine involvement may also affect por-
tions of the basal ganglia and central thalami. The patient’s clini-
cal presentation was relatively mild compared with the severe
deficits that would be expected with diffuse white matter lesions
seen on MRI. Additionally, follow-up imaging in patients with
osmotic myelinolysis would be expected to demonstrate malacia
in the central pons rather than complete resolution of the T2
signal abnormality (18).

Inflammatory demyelination is rarely associated with SLE
and may be related to SLE as well as concurrent autoimmune
processes affecting the central nervous system, such as multiple
sclerosis or neuromyelitis optica spectrum disorder (19). While
demyelination may also show T2 hyperintensity and diffusion-
restricting lesions, spinal fluid in demyelinating disorders would
be expected to show mild pleocytosis with an elevated protein
level. The normal spinal fluid in this case argued against this di-
agnosis. Furthermore, this patient’s symptoms and MRI changes
developed while she was being treated with immunosuppressive
medications and steroids, which would suppress inflammation.
Diffuse demyelination of the brainstem and both basal ganglia
would have also caused more profound neurologic symptoms,
such as cranial neuropathies, paraplegia, or coma, which were
absent in this case.

Acute disseminated encephalomyelitis is another inflam-
matory demyelinating condition that can manifest as multi-
focal areas of edema involving the brainstem and thalamus,
but it would likely demonstrate more diffuse or peripheral
restricted diffusion involving the affected areas (19). In ad-
dition, this patient did not have any antecedent viral illness
or vaccination, which usually precede acute disseminated
encephalomyelitis.
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Figure 3: Images obtained 1 month affer presentation at the level of the (a, b, €) thalami and (d, e, f) pons. (a, d) Axial diffusion-weighted MRI scans (repetition fime
msec/echo time msec, 9000,/97; b value = 1000 sec,/mm?) show resolution of the prior diffusion restriction involving the thalami and pons. (b, €) Axial T2 fluid-attenuated
inversion recovery MRI scans (repetition time msec/echo time msec/inversion time msec, 9605 ,/127 /2500) show resolution of the prior confluent T2 hyperintensity through-
out the bilateral thalami, pons, and middle cerebellar peduncles. (¢, f) Axial susceptibility-weighted MRl scans (74,/46) show persistent punctate hypointensity (arrows) in

the bilateral thalami and pons.

Reversible cerebral vasoconstriction syndrome is a clinical
and radiologic syndrome characterized by a severe acute-onset
“thunderclap” headache in patients with clinical risk factors,
such as eclampsia, use of sympathomimetic medications, and
trauma, all of which were absent in this patient. Vascular imag-
ing typically shows widespread segmental narrowing of cere-
bral arteries. MRI of the brain most commonly shows convex-
ity subarachnoid hemorrhage with associated infarct, followed
by vasogenic edema and parenchymal hemorrhage; these find-
ings were absent in this case. MR angiograms may also show
multiple reversible bilateral areas of intracranial distal arterial
narrowing but rarely affect extracranial vessels. Patients with
reversible cerebral vasoconstriction syndrome may also dem-
onstrate transient brain edema on MRI; however, patients with
reversible cerebral vasoconstriction syndrome do not usually
present with seizures or severe cerebral or brainstem edema,
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as were seen in this patient. Endothelial dysregulation and re-
versible arterial constriction may play a role in both reversible
cerebral vasoconstriction syndrome and PRES (20).

Rhombencephalitis due to infection or postinfectious inflam-
mation (eg, Bickerstaff brainstem encephalitis) was also con-
sidered. Clinically, patients present with cranial neuropathies,
ataxia, or an altered level of consciousness. Cerebrospinal fluid
commonly shows a pleocytosis and elevated protein level. In
the case of Bickerstaff brainstem encephalitis, it may show albu-
minocytologic dissociation. While MRI in patients with rhom-
boencephalitis may also show extensive edema in the brainstem
and thalami, this diagnosis was excluded given the lack of severe
brainstem dysfunction on neurologic examination and normal
cerebrospinal fluid studies (21,22).

Infiltrative brainstem glioma may also manifest with expans-
ile edematous signal abnormality at MRI. However, the subacute
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clinical presentation combined with the reversible symmetric
edema and preserved architecture at imaging in the setting of
conservative management enabled us to exclude the diagnosis
of glioma.

In conclusion, this patient’s clinical and radiologic findings,
combined with her rapid normalization, were consistent with
central-variant posterior reversible encephalopathy syndrome
(PRES). Among her array of clinical comorbidities, hyperten-
sion, renal disease, and lupus represented risk factors for the
development of PRES, albeit with an atypical imaging distribu-
tion. Correlation of the clinical and imaging findings was essen-
tial for establishing the diagnosis and avoiding additional inva-
sive testing and potentially harmful therapy. While the posterior
cerebral distribution of PRES has been well recognized since its
first description, radiologists should be aware of the central vari-
ant of this syndrome.

Disclosures of Conflicts of Interest: PA. disclosed no relevant relationships. K.L.
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