
CASE REPORT

MR Imaging Findings of Medulla Oblongata
Involvement in Posterior Reversible
Encephalopathy Syndrome Secondary to
Hypertension

T.-Y. Chen
H.-J. Lee
T.-C. Wu

Y.-K. Tsui

SUMMARY: Although the combination of MR imaging findings and clinical evidence of hypertension
may suggest the diagnosis of posterior reversible encephalopathy syndrome (PRES), MR imaging
findings with only involvement of the medulla oblongata pose a diagnostic dilemma. In the cases
presented here, we demonstrated MR imaging findings of a presumed brain stem (medulla oblongata)
variant of PRES and emphasized the diagnostic value of diffusion-weighted imaging (DWI).

Posterior reversible encephalopathy syndrome (PRES) is
characterized by headache, vomiting, altered conscious-

ness, seizure, and cortical blindness associated with imaging
findings of predominantly posterior bilateral symmetric sub-
cortical and cortical edema without frank infarction.1 Hyper-
intense lesions on T2-weighted MR imaging and swelling of
the brain stem may be related to many different pathologic
processes. PRES rarely presents with predominant involve-
ment of the brain stem, and involvement of only the medulla
oblongata is uncommon.2,3 Only 1 patient with PRES was re-
ported to have medulla oblongata, upper cervical spinal cord,
and supratentorial involvement.4 Herein we report 2 cases of a
presumed variant of PRES with only medulla oblongata
involvement.

Case Reports

Case 1
A 59-year-old man with history of left putaminal hemorrhage 15 years

previously had a 1-week history of poor appetite, vomiting, altered

consciousness, and seizure-like movements. His history was also sig-

nificant for hypertension controlled with medications. Initial blood

pressure (BP) was 210/108 mm Hg. Serum electrolytes were normal.

Brain MR imaging (Signa LX2; GE Healthcare, Milwaukee, Wis) re-

vealed isointensity on T1-weighted images (T1WIs) and diffusion-

weighted images (DWIs), and hyperintensity on T2-weighted images

(T2WIs) of the medulla oblongata and upper cervical spinal cord (Fig

1). Because of clinical signs and history and MR imaging findings of

edema (not infarction) in the medulla oblongata and upper cervical

spinal cord, the differential diagnosis included a variant of PRES,

encephalitis, and encephalomyelitis. Because there was no evidence

of infection or fever, and results on CSF examination were unremark-

able, a variant of PRES was the likely diagnosis. An angiotensin-

converting enzyme inhibitor and a calcium channel blocker were ad-

ministered for BP control. His clinical condition improved, BP

normalized to 140/90 mm Hg, and level of consciousness returned to

normal. MR imaging 45 days later (Fig 1) indicated resolution of

hyperintensity confirming a variant of PRES secondary to hyperten-

sion with involvement of the medulla oblongata.

Case 2
A 62-year-old man with a history of hypertension and cerebral infarc-

tion was seen with a 3-day history of headache, vomiting, involuntary

movement, and change in consciousness. BP was 180/100 mm Hg. No

signs of infection or a meningeal abnormality were present, and se-

rum electrolyte levels and CSF were normal. Brain MR imaging

showed hyperintensity on T2WIs and isointensity on DWIs, which

involved the medulla oblongata (Fig 2). No enhancement was noted

after intravenous contrast administration. On the basis of clinical

signs and history and MR imaging findings of vasogenic edema

(not infarction or tumor) in the medulla oblongata, the most likely

diagnosis was a variant of PRES. An angiotensin-converting en-

zyme inhibitor and a calcium channel blocker were administered,

and BP normalized to 140/80 mm Hg. His clinical condition re-

turned to baseline 5 days later, and no neurologic deficit was noted,

confirming the diagnosis of a variant of PRES with involvement of

the medulla oblongata. The patient refused follow-up MR imaging;

however, he remains alive and well at follow-up in the neurology

department.

Discussion
PRES typically involves the parieto-occipital lobes; the subcor-
tical white matter and cortex of the posterior circulation are
most commonly involved. Involvement of the basal ganglia
and brain stem is much less frequent. Atypical PRES predom-
inantly involves regions other than the parieto-occipital lobes.
In these patients, high signal intensities on T2WIs are noted in
the frontal lobe, basal ganglia, thalamus, brain stem, and sub-
cortical white matter.3,5 The brain stem may be involved in
combination with other regions of the brain (supratentorial
PRES). In a report by Weingarten et al,6 15 of 36 patients with
acute hypertensive encephalopathy had T2-hyperintense
brain stem lesions of varying sizes; however, cases predomi-
nantly affecting the brain stem were rare. Brain stem variants
of PRES should be differentiated from brain stem infarction,
pontine glioma, central pontine myelinolysis, and infective
encephalitis because the neurologic symptoms are reversible
with prompt treatment.

PRES arises from failure of cerebrovascular autoregulation
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at high BPs, which results in cerebral hyperperfusion, disrup-
tion of the blood-brain barrier, and vasogenic edema.7 Auto-
regulation maintains a constant blood flow to the brain de-
spite systemic BP alterations through arteriolar constriction
and dilation.7 In animal models, there is an upper limit of BP
at which cerebral autoregulation fails. At this breakthrough
point, constricted arterioles dilate because of increased BP,
and the increased perfusion overcomes the blood-brain bar-
rier, allowing extravasation of fluid, macromolecules, and red
blood cells into brain parenchyma.8 Pathologic examinations
of brains with PRES reveal interstitial edema, petechial micro-
hemorrhages, and fibrinoid necrosis within the arteriole walls,
and little or no evidence of infarction.9

Abnormal autoregulation as the pathophysiologic process
responsible for PRES is supported by MR imaging DWI and
apparent diffusion coefficient (ADC) alterations. Studies sug-
gest that lesions of hypertensive encephalopathy and PRES
represent vasogenic rather than cytotoxic edema in most cas-
es.10 In cases of PRES, areas of increased signal intensities on
T2WIs show increased ADC values, representing vasogenic
edema.10 This may be useful in differentiating PRES from in-
farction and other metabolic brain disorders with cytotoxic
edema in which ADC mapping values are decreased and signal

intensities are higher than those of surrounding brain tissue
on DWI.11 Furthermore, studies using diffusion tensor imag-
ing revealed that the anisotropy index of PRES patients
decreases in proportion to the increase in water diffusion char-
acteristics confined largely to cortical gray matter and subcor-
tical white matter, which supports vasogenic edema from
cerebrovascular autoregulatory dysfunction is the pathophys-
iologic mechanism of uncomplicated PRES.12

Studies have shown that sympathetic innervation of cere-
bral circulation confers a protective effect from increases in
systemic BP.7 Because the anterior cerebral circulation (inter-
nal carotid system) has greater sympathetic innervation than
the posterior circulation (vertebrobasilar system), the sys-
temic BP increases breakthrough vasodilation, and vasogenic
edema occurs first in a vertebrobasilar vascular distribution.
Thus, lesions occur first in the occipital lobes, cerebellum,
brain stem, and medulla oblongata.

The cases presented illustrate MR imaging findings of a
variant of PRES with only involvement of the medulla oblon-
gata and emphasize the diagnostic value of DWI. By familiar-
izing radiologists with these entities, it is hoped that atypical
cases of PRES will be recognized earlier and appropriate man-
agement instituted in a timely fashion.

Fig 1. Case 1. A 59-year-old man with altered consciousness and elevated BP. A, MR imaging showing hyperintensity on T2W1 image of the medulla oblongata and upper cervical cord.
B, Diffusion-weighted imaging shows normal intensity in the medulla oblongata. C, After BP control, hyperintensity on T2W1 image is resolved.

Fig 2. Case 2. A 62-year-old man with headache, altered consciousness, and elevated BP. MR imaging showing hyperintensity on T2W1 image and normal signal intensity on DWI/ADC
map involving the medulla oblongata; A, MR imaging showing hyperintensity on T2WI image involving the medulla oblongata; B, Diffusion-weighted imaging showing normal signal intensity
in the medulla oblongata; C, ADC map showing normal signal intensity in the medulla oblongata.

2 Chen � AJNR ● � ● 2009 � www.ajnr.org



References
1. Bartynski WS. Posterior reversible encephalopathy syndrome, part 1: funda-

mental imaging and clinical features. AJNR Am J Neuroradiol 2008;29:
1036 – 42

2. Cruz-Flores S, de Assis F, Gondim A, et al. Brainstem involvement in hyper-
tensive encephalopathy: clinical and radiological findings. Neurology 2004;62:
1417–19

3. Thambisetty M, Biousse V, Newman NJ. Hypertensive brainstem enceph-
alopathy: clinical and radiographic features. J Neurol Sci 2003;208:93–99

4. Hagan IG, Burney K. Radiology of recreational drug abuse. Radiographics
2007;27:919 – 40

5. Covarrubias DJ, Luetmer PH, Campeau NG. Posterior reversible encephalop-
athy syndrome: prognostic utility of quantitative diffusion-weighted MR im-
ages. AJNR Am J Neuroradiol 2002;23:1038 – 48

6. Weingarten K, Barbut D, Filippi C, et al. Acute hypertensive encephalopathy:
findings on spin-echo and gradient-echo MR imaging. AJR Am J Roentgenol
1994;162:665–70

7. Bartynski WS. Posterior reversible encephalopathy syndrome, part 2: contro-
versies surrounding pathophysiology of vasogenic edema. AJNR Am J Neuro-
radiol 2008;29:1043– 49

8. Ijima T, Kubota Y, Kuroiwa T, et al. Blood-brain barrier opening following
transient reflex sympathetic hypertension. Acta Neurochir Suppl (Wien)
1994;60:142– 44

9. Lanzino G, Cloft H, Hemstreet MK, et al. Reversible posterior leukoencepha-
lopathy following organ transplantation: description of two cases. Clin Neurol
Neurosurg 1997;99:222–26

10. Schwartz RB, Mulkern RV, Gudbjartsson H, et al. Diffusion-weighted MR im-
aging and hypertensive encephalopathy: clues to pathogenesis. AJNR Am J
Neuroradiol 1998;19:859 – 62

11. Singhal AB, Topcuoglu MA, Koroshetz WJ. Diffusion MRI in three types of
anoxic encephalopathy. J Neurol Sci 2002;196:37– 40

12. Mukherjee P, Mckinstry RC. Reversible posterior leukoencephalopathy
syndrome: evaluation with diffusion-tensor MR imaging. Radiology 2001;219:
756 – 65

AJNR Am J Neuroradiol ●:● � ● 2009 � www.ajnr.org 3


