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Abstract

Background Posterior reversible encephalopathy syn-

drome (PRES) is a rare complication of hemodynamic

augmentation for subarachnoid hemorrhage (SAH)-asso-

ciated vasospasm. The roles of hyperperfusion and

hypoperfusion in the genesis of PRES remain uncertain.

Methods Case report.

Results We admitted a 35-year-old woman with Hunt &

Hess grade II SAH secondary to rupture of a right middle

cerebral artery (MCA) aneurysm. This was surgically clip-

ped. Beginning on hospital day 3, she developed recurrent

symptomatic vasospasm of the right MCA despite hemo-

dynamic augmentation to a MAP as high as 130 mmHg and

endovascular therapy. On hospital day 7, after 36 h of sus-

tained MAP 120–130 mmHg, her level of arousal

progressively declined, culminating in stupor and two gen-

eralized tonic–clonic seizures. MRI showed widespread, yet

markedly asymmetric changes consistent with PRES largely

sparing the right MCA territory. After the MAP was

decreased to 85–100 mmHg, she had no further seizures.

2 days later she was fully alert with mild left hemiparesis.

Conclusions PRES is a rare complication of hemody-

namic augmentation that should be considered in the

differential diagnosis of delayed neurological decline in

patients with aneurysmal SAH-associated cerebral vaso-

spasm. The markedly asymmetric distribution of PRES

lesions with sparing of the territory affected by vasospasm

supports the hypothesis that hyperperfusion underlies the

pathophysiology of this disorder.

Keywords Posterior reversible encephalopathy
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Introduction

Cerebral vasospasm is a common complication and major

cause of morbidity and mortality in patients with aneu-

rysmal subarachnoid hemorrhage (SAH) [1, 2]. Despite its

clinical relevance, the underlying pathophysiology is

poorly understood [3]. As a result, treatment strategies

remain suboptimal. Hemodynamic augmentation is the

mainstay of medical therapy for this condition [2]. Along

with suboptimal efficacy, hemodynamic augmentation is

associated with a number of potentially severe complica-

tions, including myocardial ischemia, pulmonary edema,

hemorrhagic infarction, and re-bleeding from an unsecured

aneurysm [4].

Posterior reversible encephalopathy syndrome (PRES) is

characterized by headache, altered mental status, seizures,

visual abnormalities, or other focal neurological deficits

[5], accompanied by a characteristic radiological pattern

of bilateral subcortical white matter edema, typically of
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parieto-occipital predominance [6]. The most common

underlying medical conditions include abrupt rise in blood

pressure, eclampsia, immunosuppressive therapy, and

myeloproliferative disorders. These conditions share with

hemodynamic augmentation in the setting of SAH-associ-

ated vasospasm the common features of hypertension and

endothelial dysfunction. Therefore, one would expect

PRES to be a common complication of vasospasm treat-

ment. There are, however, few reports in the literature of

such an occurrence [7–11]. We describe a patient with

asymmetric PRES, least prominent in the territory of

vasospasm, as an unusual complication of this therapy that

offers a unique perspective on the pathophysiology of this

syndrome.

Report of Case

A 35-year-old woman presented to our emergency

department with severe headache. Her blood pressure (BP)

on admission was 121/78 mmHg [mean arterial pressure

(MAP) 92]. She was mildly somnolent but fully oriented,

without nuchal rigidity or focal abnormalities (Hunt and

Hess grade II). Head computed tomography (CT) showed

modified Fisher grade 3 SAH with thick clot in the right

Sylvian fissure. Cerebral angiogram revealed a wide-

necked 3 mm right middle cerebral artery (MCA) aneu-

rysm. She was admitted to our intensive care unit and

nimodipine 60 mg orally every 4 h was initiated.

On hospital day (HD) 2, the aneurysm was surgically

clipped. Postoperatively, a phenylephrine infusion was

started and titrated to a systolic BP goal of 120–160 mmHg.

Prophylactic antiepileptic medications were not adminis-

tered. On HD 3, she became somnolent and developed a

subtle left hemiparesis. CT (Fig. 1a) and conventional

angiography revealed vasospasm of the ICA terminus and

MCA M1 and M2 branches on the right. This was treated

with intra-arterial nicardipine, resulting in significant

improvement in vessel caliber. After the angiogram, the goal

systolic BP was changed to 140–180 mmHg. The following

day both her mental status and leg weakness were signifi-

cantly improved.

On HD 5, her level of arousal again declined and she

developed left arm weakness. The systolic BP had ranged

between 145/85 and 200/110 mmHg (MAP 104–118

mmHg) in the 12 h preceding the clinical symptoms. A

conventional angiogram revealed recurrent moderate to

severe vasospasm of the right M1 segment (Fig. 1b). Intra-

arterial injection of nicardipine was attempted but lead to

systemic hypotension. Accordingly, balloon angioplasty of

the M1 segment was performed, with good angiographic

result (Fig. 1c). The systolic BP goal was increased to

160–200 mmHg. A standing dose of 250 ml of 5%

albumin every 6 h intravenously was added to potentiate

the hemodynamic augmentation. Nimodipine was discon-

tinued. On HD 6, she was oriented, attentive, and the left

hemiparesis had again significantly improved.

Over the course of HD 7, she complained of worsening

headache and her level of arousal slowly declined. This

culminated in two generalized tonic–clonic seizures and

stupor, requiring intravenous lorazepam and phenytoin and

tracheal intubation. In the preceding 36 h, the systolic BP

was between 160 and 190 mmHg, and the diastolic BP

ranged between 80 and 115 mmHg [MAP 119–132

(Fig. 2)]. She had no evidence of infection or electrolyte

abnormalities. An emergent head CT showed, in addition

to a new area of hypodensity in the right frontal lobe sur-

rounding the aneurysm clip, subtle areas of hypodensity at

the cortical–subcortical junction in the occipital poles

bilaterally. This raised concern for PRES, leading to dis-

continuation of phenylephrine and albumin. The MAP then

rapidly decreased to below 100 mmHg (Fig. 2). An MRI of

the head, performed about 12 h after the seizure, showed

asymmetrically distributed FLAIR hyperintensities in the

cerebellum and occipital lobes bilaterally, and the left

cerebral hemisphere, supporting the diagnosis of PRES

(Fig. 3). MR-perfusion imaging, also obtained at this time,

showed no evidence of abnormal perfusion in any brain

region and no difference in perfusion between the hemi-

spheres. The patient had no further seizures. She recovered

to her pre-ictal neurological status and remained stable

with MAPs of 85–100 mmHg. She was extubated within

24 h. Her subsequent course was substantially complicated

by lumbar drain-associated Acinetobacter meningoven-

triculitis and worsening of the right MCA vasospasm with

large infarction in that territory. On follow-up at 4 months

after hospital discharge, she had no major cognitive defi-

cits, had moderate left hemiparesis worst in the hand and

ambulated independently.

Discussion

The main causes of secondary neurologic decline after

aneurysmal SAH include re-bleeding, hydrocephalus,

vasospasm, intracranial hypertension, and seizures [1].

Hemodynamic augmentation administered for the treat-

ment of vasospasm may, in turn, further contribute to

several of these conditions. This case description, in

combination with a small number of other reports in the

literature [7–11], illustrates this point and indicates that

PRES is a potential complication of hemodynamic aug-

mentation that should be considered in the differential

diagnosis of delayed neurological decline in such patients.

While the constellation of symptoms our patient developed

(headache, deterioration in mental status, and seizures) is
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characteristic for PRES, these findings are non-specific,

and in this setting the diagnosis requires a high level of

suspicion.

The basic pathologic abnormality underlying PRES is

subcortical vasogenic edema [12, 13]. On CT and MR

imaging, the brain typically demonstrates patchy, bilateral,

and symmetric white matter changes with preferential

involvement of the parietal and occipital lobes [14]. After

these areas, the cerebellar hemispheres, posterior frontal

lobes, and inferior temporal lobes are most commonly

affected, and in severe cases, the brainstem, basal ganglia,

and thalami can be involved. Asymmetric lesions have

rarely been reported [15]. On MR, PRES lesions appear

hyperintense on T2-weighted images and are most readily

appreciated on fluid attenuated inversion recovery imaging.

Contrast enhancement, mass effect, and hemorrhage are

uncommon. Diffusion-weighted imaging is generally

unremarkable and useful in differentiating vasogenic from

cytotoxic edema [16, 17]. However, focal areas of

restricted diffusion have been described in up to one-fourth

of patients, indicating areas of ischemia and possibly

adverse outcomes [18].

Although the radiographic characteristics of PRES are

well defined, the pathophysiology remains controversial.

Two main conflicting hypotheses have been formulated,

both based on disturbances of cerebral autoregulation. The

hyperperfusion theory postulates that severe hypertension

exceeding the upper limit of cerebral autoregulation leads

to passive overdistension of cerebral arterioles, blood–

brain barrier disruption, and extravasation of fluid and

plasma proteins into the brain parenchyma [12]. This has

been observed in animal models [19] and is paralleled in

some human cases by the demonstration of regional hyp-

erperfusion on MR perfusion and SPECT studies [20, 21].

The hypoperfusion theory emerged with the description

that some patients with eclampsia or severe hypertension

Fig. 1 CTA coronal thick slab

3D volume rendered image (a),

HD3, showing vasospasm of the

right ICA terminus and MCA

(arrow), with sparing of the left

MCA. Conventional angiogram,

HD 5, demonstrating severe

vasospasm of the right MCA

M1 and M2 segments before

treatment (b) and significant

improvement after infusion of

nicardipine and balloon

angioplasty (c)
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who developed PRES had posterior hypodensities on CT

and simultaneous vasospasm on conventional cerebral

angiography in corresponding vessels [22]. This was

interpreted as autoregulatory overcompensation leading to

vasoconstriction, decreased cerebral perfusion, and sub-

sequent ischemic injury with edema. The observation that

PRES lesions commonly follow a watershed distribution

has been cited as support for this hypothesis [6].

Our patient developed PRES after several days of

hemodynamic augmentation for recurrent vasospasm.

Treatment with phenylephrine and intravenous albumin led

to sustained and progressive elevation of MAP over the

course of five days. While her systolic BP remained below

200 mmHg, she had a rapid increase in diastolic BP that

mostly accounted for the change in MAP. Importantly, this

was a young patient without previous history of hyper-

tension who arrived normotensive in the acute phase of

SAH. Thus, her pre-morbid blood pressure—and therefore

Fig. 3 Axial FLAIR (a and

b) and diffusion-weighted

(c and d) MRI, HD 7,

demonstrating asymmetric

distribution of PRES lesions.

The bilateral PCA territories

and the left MCA territory are

affected, while the right MCA

territory is largely spared

Fig. 2 Mean arterial pressures (mean and range) averaged over 12 h

time periods from admission to HD 10. Timing of angiograms for

vasospasm treatment is indicated. A dramatic and sustained increase

in MAP over baseline values is temporally associated with the

development of PRES
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her upper limit of autoregulation—were likely low com-

pared to the typical SAH patient. Our case suggests that in

this setting hemodynamic augmentation should be used

very cautiously.

This scenario suggests that PRES developed in our

patient secondary to hyperperfusion due to a sustained

MAP above the upper limit of autoregulation—rather than

hypoperfusion. We do not interpret the normal MR-perfu-

sion findings as evidence against this hypothesis, as this

study was obtained many hours after the MAP was lowered

and during a time in which the patient’s clinical manifes-

tations were improving. Although data regarding blood

flow from detailed transcranial Doppler studies performed

on the day of symptom onset would have provided a good

test of our hypothesis, such data were not obtained in this

patient. Further supporting a causative role of hyperper-

fusion in the development of PRES in our patient is the

markedly asymmetric distribution of PRES lesions, with

sparing of the territory of the vasospastic right MCA, in

which flow was limited relative to other vascular territories.

Contrary to what is proposed by the hypoperfusion theory,

there were no PRES lesions in the area of vasospasm and,

in fact, this region appeared protected against the devel-

opment of vasogenic edema.

Conflict of interest The authors report no conflict of interest.

References

1. Suarez JI, Tarr RW, Selman WR. Aneurysmal subarachnoid

hemorrhage. N Engl J Med. 2006;354(4):387–96.

2. Bederson JB, Connolly ES Jr, Batjer HH, Dacey RG, Dion JE,

Diringer MN, et al. Guidelines for the management of aneurys-

mal subarachnoid hemorrhage: a statement for healthcare

professionals from a special writing group of the Stroke Council,

American Heart Association. Stroke. 2009;40(3):994–1025.

3. Pradilla G, Chaichana KL, Hoang S, Huang J, Tamargo RJ.

Inflammation and cerebral vasospasm after subarachnoid hem-

orrhage. Neurosurg Clin N Am. 2010;21(2):365–79.

4. Lee KH, Lukovits T, Friedman JA. ‘‘Triple-H’’ therapy for

cerebral vasospasm following subarachnoid hemorrhage. Neuro-

crit Care. 2006;4(1):68–76.

5. Hinchey J, Chaves C, Appignani B, Breen J, Pao L, Wang A,

et al. A reversible posterior leukoencephalopathy syndrome.

N Engl J Med. 1996;334(8):494–500.

6. Bartynski WS, Boardman JF. Distinct imaging patterns and lesion

distribution in posterior reversible encephalopathy syndrome.

AJNR Am J Neuroradiol. 2007;28(7):1320–7.

7. Amin-Hanjani S, Schwartz RB, Sathi S, Stieg PE. Hypertensive

encephalopathy as a complication of hyperdynamic therapy for

vasospasm: report of two cases. Neurosurgery. 1999;44(5):

1113–6.

8. Giraldo EA, Fugate JE, Rabinstein AA, Lanzino G, Wijdicks EF.

Posterior reversible encephalopathy syndrome associated with

hemodynamic augmentation in aneurysmal subarachnoid hem-

orrhage. Neurocrit Care. 2011;14(3):427–32.

9. Jang HW, Lee HJ. Posterior reversible leukoencephalopathy due

to ‘‘triple H’’ therapy. J Clin Neurosci. 2010;17(8):1059–61.

10. Sanelli PC, Jacobs MA, Ougorets I, Mifsud MJ. Posterior

reversible encephalopathy syndrome on computed tomography

perfusion in a patient on ‘‘Triple H’’ therapy. Neurocrit Care.

2005;3(1):46–50.

11. Wartenberg KE, Parra A. CT and CT-perfusion findings of

reversible leukoencephalopathy during triple-H therapy for

symptomatic subarachnoid hemorrhage-related vasospasm.

J Neuroimaging. 2006;16(2):170–5.

12. Bartynski WS. Posterior reversible encephalopathy syndrome,

part 2: controversies surrounding pathophysiology of vasogenic

edema. AJNR Am J Neuroradiol. 2008;29(6):1043–9.

13. Schiff D, Lopes MB. Neuropathological correlates of reversible

posterior leukoencephalopathy. Neurocrit Care. 2005;2(3):303–5.

14. Bartynski WS. Posterior reversible encephalopathy syndrome,

part 1: fundamental imaging and clinical features. AJNR Am J

Neuroradiol. 2008;29(6):1036–42.

15. Schambra HM, Greer DM. Asymmetric reversible posterior leu-

koencephalopathy syndrome. Neurocrit Care. 2006;4(3):245–7.

16. Schaefer PW, Buonanno FS, Gonzalez RG, Schwamm LH. Dif-

fusion-weighted imaging discriminates between cytotoxic and

vasogenic edema in a patient with eclampsia. Stroke. 1997;28(5):

1082–5.

17. Koch S, Rabinstein A, Falcone S, Forteza A. Diffusion-weighted

imaging shows cytotoxic and vasogenic edema in eclampsia.

AJNR Am J Neuroradiol. 2001;22(6):1068–70.

18. Bartynski WS, Boardman JF. Catheter angiography, MR

angiography, and MR perfusion in posterior reversible encepha-

lopathy syndrome. AJNR Am J Neuroradiol. 2008;29(3):

447–55.

19. MacKenzie ET, Strandgaard S, Graham DI, Jones JV, Harper

AM, Farrar JK. Effects of acutely induced hypertension in cats on

pial arteriolar caliber, local cerebral blood flow, and the blood-

brain barrier. Circ Res. 1976;39(1):33–41.

20. Schwartz RB, Jones KM, Kalina P, Bajakian RL, Mantello MT,

Garada B, et al. Hypertensive encephalopathy: findings on CT,

MR imaging, and SPECT imaging in 14 cases. AJR Am J

Roentgenol. 1992;159(2):379–83.

21. Schwartz R, Mulkern R, Vajapeyam S, Kacher DF. Catheter

angiography, MR angiography, and MR perfusion in posterior

reversible encephalopathy syndrome. AJNR Am J Neuroradiol.

2009;30(2):E19, (Author reply E20).

22. Trommer BL, Homer D, Mikhael MA. Cerebral vasospasm and

eclampsia. Stroke. 1988;19(3):326–9.

546 Neurocrit Care (2011) 15:542–546

123


	Asymmetric Posterior Reversible Encephalopathy Syndrome Complicating Hemodynamic Augmentation for Subarachnoid Hemorrhage-Associated Cerebral Vasospasm
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Report of Case
	Discussion
	Conflict of interest
	References


