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Abstract
An 83-year-old man presented with hypertensive brainstem encephalopathy manifesting as general weakness, 

dysarthria, gait disturbance, urinary incontinence, and decreased cognitive function. The patient had a history of 
gamma knife radiosurgery (GKR) for cerebellopontine angle (CPA) meningioma 10 years prior. Compared with 
previous magnetic resonance (MR) imaging results, a recent MR image revealed massive brainstem hyperintensity 
in T2-weighted images, not in the parieto-occipital lobes. The lesions were nearly completely resolved several days 
after normalization of the blood pressure. Isolated hypertensive brainstem encephalopathy without concomitant 
typical parieto-occipital abnormalities are unusual and the diagnosis is challenging especially after gamma 
knife radiosurgery for cerebellopontine angle meningioma. We describe a patient with hypertensive brainstem 
encephalopathy that was initially confused with peritumoral edema.
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Introduction
Hypertensive encephalopathy (HE) is an acute neurological disorder 

caused by a sudden increase in systemic blood pressure [1,2]. HE is 
characterized by headache, mental deterioration, visual disturbance, 
and seizures. Imaging abnormalities are predominant in the parieto-
occipital subcortical white matter, and the clinical and neuroradiological 
abnormalities are reversible after blood pressure normalization. 
Therefore, the term “posterior reversible leukoencephalopathy” has 
been used to describe this condition [3-5]. According to a previous 
studies [6], the brainstem is involved in 58% of HE cases, but isolated 
brainstem involvement in HE has rarely been reported [7-9]. We 
describe a patient with hypertensive brainstem encephalopathy that 
could be confused with peritumoral edema (PTE) after gamma knife 
radiosurgery (GKR) for cerebellopontine angle (CPA) meningioma.

Case Report
An 83-year-old man presented at the neurosurgery clinic with 

general weakness, dysarthria, gait disturbance, and mildly decreased 
cognitive function that lasted for 1 month. The patient had a history of 
GKR 10 years prior, for right CPA meningioma. The CT scan indicated 
diffuse decreased attenuation of the pons with extension into the 
midbrain and also revealed a minimal pontine hemorrhage (Figure 1). 
Using T2-weighted and fluid-attenuated inversion recovery (FLAIR) 
images, a massive hyperintensity was identified in the same location 
identified in the CT scan. Results of the diffusion weighted image 
(DWI) were normal, indicating the absence of acute infarction, and the 
apparent diffusion coefficient (ADC) maps showed slightly increased 
diffusion in the brainstem, consistent with vasogenic edema (Figure 
2). At the time of the presenting visit, the patient’s blood pressure 
was systolic blood pressure more than 200 mmHg. Serum laboratory 
findings were within normal limits, however, renal function parameters 
suggested decreased renal function. Additional tests were performed 
at the cardiology and nephrology outpatient departments, in order to 
determine the cause of hypertensive crisis. Cardiologic evaluations were 
within normal age-related limits. Kidney ultrasonography and doppler 
ultrasonography did not indicate renal artery stenosis, but a small left 
kidney with cortical thinning was observed. These findings demonstrate 
that this patient had a history of chronic renal insufficiency, and 
that renal function was recently aggravated. The patient was taking 

antihypertensive drug to control his blood pressure, and was prescribed 
oral steroid, due to brainstem swelling. After a month of treatment, 
systolic blood pressure fluctuated between 90 and 130 mmHg. 
General weakness, dysarthria, gait disturbance, urinary incontinence, 
and cognitive dysfunction improved, but right-hand grip weakness 
remained, presumably due to the pontine hemorrhage. A follow-up 
CT scan 1 month later showed improvement of the low attenuation in 
the brainstem and periventricular areas, and resolution of the pontine 

Figure 1: Computerized tomography axial imagesof brainstem. A. Axial 
computerized tomography (CT) image of the cerebellum without contrast showed 
diffuse decreased attenuation of the pons with extension into the midbrain, a 
periventricular lucency, and an area of focal high density in the left pons, which 
probably represents apontine hemorrhage. B. Follow-up CT scan 1 month later 
showed improvement of low attenuation in the brainstem and periventricular 
areas, and resolution of the pontine hemorrhage. M: Meningioma.
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in arterial blood pressure and are susceptible to the breakdown of 
autoregulation. Additionally, HE is known to involve the cortex or 
subcortical white matter of the parietal or occipital lobes rather than 
the brainstem because the brainstem autoregulations more effectively 
[14,15]. The upper limit of cerebral autoregulation in deep brain 
structures such as the thalamus, basal ganglia, or brainstem is higher 
than that in the cerebral cortex in normotensive and spontaneously 
hypertensive rat models [16]. The deep brain structures are supplied by 
direct branches from the middle or posterior cerebral artery or basilar 
artery, while the cortex and subcortex are supplied by the terminal pial 
arteries. Therefore, it is likely that severe acceleration of hypertension 
is required for hypertensive brainstem encephalopathy.

MR image scan is the gold standard of diagnosis and must 
be performed as soon as possible to rule out HE. MR imaging of 
hypertensive brainstem encephalopathy typically shows increased T2-
weighted and FLAIR signal intensities in the brainstem and cerebellum, 
without restricted diffusion on diffusion-weighted imaging. These 
findings indicate vasogenic edema rather than cytotoxic edema such as 
brainstem infarction [17].

Slotty et al. performed a CT-based cerebral perfusion measurement 
in patients with chronic subdural hematoma and reported significantly 
up-regulated cerebral blood volume (CBV) and cerebral blood flow 
(CBF) in chronically compressed cortical area with the mean transit 
time (MTT) as the set point parameter of cerebral perfusion clearly 
elevated above normal values. Therefore, the brain appears to maintain 
normal or approximately normal cerebral perfusion despite increased 
local pressure [18]. These findings are applicable to our patient. The 
observation of chronic brainstem compression by CPA meningioma 
in this patient with HE suggests that up-regulated CBV and CBF of 
the compressed brainstem could increase its vulnerability to edema 
caused by paroxysmal hypertension. However, previous reports do not 
describe this relationship in detail and further experimental studies in 
animal models of HE is necessary to investigate our hypothesis. 

Conclusion
We presented the case of hypertensive brainstem encephalopathy 

that could be mimicked PTE after GKR for CPA meningioma. Clinicians 
should be aware of the clinical course of PTE or aggravation after GKR 
for meningioma, and at the same time, consider the possibility of 
hypertensive encephalopathy. 
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University Gyeongju Hospital Institutional Review Board. 

Discussion
The clinical findings of this patient were initially suggestive of 

delayed PTE following GKR on right CPA meningioma 10 years 
earlier. However, post-GKR PTE is known to occur more frequently 
in 1–23 months following the procedure, with a peak time to edema of 
6-8 months [6-10]. Additionally, our patient had a history of a severe 
hypertensive event, systolic blood pressure more than 200 mmHg, and 
subsequent improvement after normalization of blood pressure. These 
finding were strongly suggestive of HE, rather than PTE. 

HE is an acute neurological syndrome caused by a sudden increase 
of systemic blood pressure and is most commonly a secondary 
event, triggered by paroxysmal hypertension with various etiologies 
including renal disease, collagen vascular disorders, eclampsia, use of 
immunosuppressive and cytotoxic drugs, and hematologic disorders 
[11]. The most widely accepted pathophysiologic mechanism of 
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Figure 2: Axial magnetic resonance images of brainstem. Brain magnetic 
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involving the periventricular area, midbrain, and pons on fluid-attenuated 
inversion recovery (FLAIR) images (A), and T2-weighted images (B). Diffusion-
weighted image shows near isointensity (C) and the corresponding apparent 
diffusion coefficient (ADC) map shows slightly increased diffusion (D) in the 
brainstem. No evidence of abnormal enhancement was found in the brain 
parenchyma except in the right cerebellopontine angle (CPA) meningioma (E).
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