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v In this report, the authors describe three patients with malignant gliomas who experienced paroxysmal neurological
symptoms triggered by standing. The symptoms were attributed to acute elevations of intracranial pressure, an uncommon
phenomenon called “plateau waves.” In each instance, the attacks occurred despite the fact that the patient was receiving
dexamethasone therapy and stopped promptly with the addition of acetazolamide. Acetazolamide, an orally administered
carbonic anhydrase inhibitor, appears to be a specific and effective therapy for this uncommon neurological disorder.
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elevations of ICP that may cause stereotypicd, par-

oxysmal neurological symptoms. Plateau waves oc-
cur in situations in which baseline |CPs are already moder-
ately elevated. During plateau waves, ICP readings may
reach 100 mm Hg, markedly reducing cerebral blood flow.
Intracranial pressures remain at high levels for several min-
utes before they diminish spontaneously. These acute ele-
vations of ICP have been observed in patients with brain
tumor,® subarachnoid hemorrhage,®® acute hydrocephalus,®
and benign intracrania hypertension,* and may be triggered
in ambulatory patients by postural changes? Sometimes
misinterpreted as seizures, the symptoms that accompany
plateau waves may include headache, visual disturbances,
impairment of postural or motor control, and atered con-
sciousness.®° In this report, we describe three patients with
brain tumors and symptomatic plateau waves who respond-
ed to treatment with acetazolamide.

P LATEAU Waves, first described by Lundberg,” are acute

Case Reports
Casel

History. This 56-year-old woman who harbored a glio-
blastoma multiforme in the left frontal region was treated
with crania radiotherapy and chemotherapy with lomus-
tine. Phenytoin was prescribed early in the course of her ill-
ness because two generalized seizures had occurred short-
ly after brain biopsy, and throughout her illness the patient

Abbreviations used in this paper: CPP = cerebral perfusion pres-

sure; CSF = cerebrospinal fluid; ICP = intracranial pressure; MR =
magnetic resonance.
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had been dependent on a regimen of dexamethasone. Five
months after diagnosis, while taking 16 mg of dexameth-
asone daily, the patient began to experience episodes of a
pressure sensation in the head, blurred vision, diplopia, and
imbalance precipitated by standing. The symptoms began
within 30 seconds after she assumed the upright posture,
and resolved after she sat or lay down. The attacks, which
occurred multiple times each day, did not improve when the
dose of phenytoin was increased.

Treatment. Suspicious that the attacks might be plateau
waves, we prescribed acetazolamide (250 mg by mouth two
times/day). Within 2 days, the frequency of the attacks di-
minished; the attacks ceased entirely when the dose of ac-
etazolamide was increased (250 mg three times/day).

Course of the Disease. Despite treatment, the patient’s
neurological symptoms worsened and a computerized to-
mography scan demonstrated relentless tumor growth. Sal-
vage therapy in which temozolomide was administered
was unsuccessful. Death occurred 7 months after diagnosis.
Onceinitiated, the acetazolamide trestment was maintained
until the patient’s death and there was no recurrence of the
attacks.

Case 2

History. This 57-year-old man with aleft frontal glioblas-
toma multiforme received crania radiotherapy and chemo-
thergpy that included tamoxifen as well as procarbazine,
lomustine, and vincristine. Five months after diagnosis,
he began to experience episodes of headache, dtered con-
sciousness, and loss of postura tone, which was aways
triggered by standing. Countless attacks occurred each day.
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Treatment. The spells were unresponsive to therapeutic
doses of phenytoin. The attacks ceased temporarily when
the dose of dexamethasone wasincreased to 8 mg daily, but
then recurred. Because of the multiple side effects associ-
ated with the steroid, the patient declined to have the dose
of dexamethasone increased further. Instead, acetazolamide
was prescribed (250 mg two times/day), after which the
postura attacks ceased entirely.

Course of the Disease. Despite the treatment outlined ear-
lier, the patient experienced worsening neurological symp-
toms and MR imaging revealed tumor growth. Death oc-
curred 1 year after diagnosis.

Case 3

History. This41-year-old left-handed man presented with
complex partial seizures with secondary generalization. Al-
though the neurological examination yielded normal find-
ings, MR images demonstrated alarge, diffuse, nonenhanc-
ing mass involving the right temporal and inferior frontal
lobes. The imaging appearance of the mass was consistent
with that of a low-grade glioma. The patient was asymp-
tomatic, apart from frequent simple partial seizures until 5
months later, when he began to have difficulties in select-
ing appropriate words and experienced weakness on his|eft
side. A repeated MR imaging study reveaed tumor growth
and contrast enhancement. A stereotactic biopsy reveaed
an anaplagtic astrocytoma, and cranial radiotherapy was
recommended. Following the biopsy, but before radiother-
apy, the patient experienced episodic headache and dizzi-
ness triggered by standing. Although the attacks were asso-
ciated with his diminished awareness and responsiveness,
they differed from the seizures he had experienced previ-
oudy and resolved within minutes after he sat or lay down.

Treatment. The spells occurred two or three times dai-
ly, despite a regimen of dexamethasone (16 mg daily) and
therapeutic doses of phenytoin. Physica examination re-
veded amild left hemiparesis with no papilledema or pos-
tura change in blood pressure. Acetazolamide was pre-
scribed (250 mg two times/day), and the episodes ceased
abruptly.

Continued Treatment and Course of the Disease. The pa-
tient subsequently completed a course of cranial radiother-
apy (5760 cGy in 32 fractions). Tumor progression was ap-
parent on MR images obtained 6 weeks after completion of
radiotherapy, and treatment with temozolomide was initiat-
ed. To date, there is evidence that the patient’s disease has
stabilized in response to the temozolomide. He continuesto
receive acetazolamide, and remains free from these postur-
ally precipitated episodes.

Discussion

Acute elevations in ICP (“plateau waves’) may produce
paroxysmal symptomsin patients with brain tumor. Aware-
ness of this uncommon paroxysmal disorder and a careful
history will often assist the clinician in reaching the correct
diagnosis. The symptoms associated with plateau waves
are easily misinterpreted to be seizures because alterations
in consciousness and motor control are cardinal symp-
toms of both disorders. Under ideal circumstances, plateau
waves can be distinguished from seizures because they oc-
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cur shortly after the patient assumes the erect posture and
are frequently accompanied by headache or a pressure sen-
sation in the head. In practice, however, the distinction can
be difficult because the patient is often unable to describe
the attacks accurately and caregivers may not have appreci-
ated the relationship between postural change and the onset
of symptoms. Orthostatic hypotension due to occult, ste-
roid-induced gastrointestina bleeding, vincristine neurop-
athy, or other causesin patients with brain tumor might also
produce symptoms similar to those associated with plateau
waves, but can be excluded by a thorough physica exami-
nation. Furthermore, orthostatic hypotension would be un-
likely to respond favorably to a diuretic such as acetazol-
amide.

In the individuals we describe, the episodes were consis-
tently precipitated by postural change, clearly differed from
the phenomenological characteristics of previous seizures,
and failed to respond to therapeutic doses of standard anti-
convulsant medications. In Cases 1 and 3, the presence of
orthostatic hypotension was specificaly sought, and was
excluded by the results of the physical examination. Inter-
estingly, on standing, the patient in Case 1 did not experi-
ence hypotension and tachycardia, but rather hypertension
and bradycardia, a cardiovascular response consistent with
the acute onset of raised ICP. These clinical features pro-
vided important clues to the true nature of the paroxysmal
attacks in these patients. Ultimately, of course, our diagno-
sis that these events were plateau waves remains specula
tive in the absence of objective documentation. In individ-
uals with suspicious, frequent, and reproducible symptoms,
transcranial Doppler ultrasonography might provide anon-
invasive means of demonstrating characteristic changes in
ICP and establishing the diagnosis of plateau waves with
greater certainty.

The relationship between plateau waves and postural
change merits further mention. Magnaes® studied the effect
of rapid postural change on CSF pressure in individuas
with elevated ICP due to neurologica disease, including
subarachnoid hemorrhage and hydrocephalus, and in con-
trol patients without elevated ICP. Sitting up rapidly pro-
duced transient CSF pressure waves in all control patients;
these were considered to be normal postural CSF pressure
waves. In some patients with brain disease and elevated
ICP, however, sitting up rapidly produced a more sustained
pattern of CSF pressure elevation, similar to a plateau wave.
Magnaes postulated that in individuals with brain disease
and impaired autoregulation, the normal transient CSF pres-
sure wave associated with the rapid assumption of upright
posture might trigger a plateau wave.?

Plateau waves develop as a result of arapid increase in
intracerebral blood volume. A prerequisite for their occur-
rence isareduction inintracranial compliance, such as that
which occurs with mass lesions, cerebral edema, or hydro-
cephalus.2 Sluggish CSF flow and defective CSF absorption
may be important contributors to this lack of intracranial
compliance.® In this setting, Sow increasesin ICP are asso-
ciated with compensatory decreases in CPP, which trigger
vasodilation through the normal process of autoregulation,
resulting in a dow rise in cerebra blood volume. When
CPP drops below acriticd level, however, the rate of vaso-
dilation increases dramatically, resulting in arapid increase
in cerebral blood volume and a sudden and sustained in-
crease in ICP. Termination of these plateau waves requires

225



an increase in CPP, which might occur when the patient is
recumbent, which triggers autoregulatory vasoconstriction
and a reduction in ICP. The increase in CPP required to
abort plateau waves may be generated by the Cushing phe-
nomenon, which is activated when brainstem ischemiatrig-
gers systemic hypertension, thus increasing CPP*©

Experimentally, plateau waves can produce irreversible
cerebral ischemia and brain injury. Hyperventilation, cate-
cholamine infusion, CSF drainage, and intravenous admin-
istration of mannitol will abort individua plateau waves,
but these effective measures are impractica therapies for
ambulatory patients. Moreover, the ided therapy would
prevent the occurrence of plateau waves, rather than sim-
ply abort individua episodes. By reducing cerebral edema,
dexamethasone may lessen the severity and frequency of
plateau waves,' and, perhaps, more aggressive dosing of
dexamethasonein our patients would have achieved control
of their paroxysmal symptoms. Serious side effects may oc-
cur when dexamethasone is used on along-term basis, how-
ever, and corticosteroid medications alone may not afford
complete protection from attacksin al patients. Our experi-
ence in these three cases would suggest that acetazolamide
may be a highly effective therapy for symptomatic pla-
teau wavesin patients with brain tumor and, in this respect,
a highly useful addition to the pharmacological armamen-
tarium in neurooncol ogy. Although the improvement in our
patients may have been due to factors other than acetazol-
amide, this possibility seemsunlikely, giventhat in al three
cases control of symptomatic plateau waves was main-
tained in the face of progressive disease.

Acetazolamide is an orally administered carbonic an-
hydrase inhibitor used in the treatment of a variety of ill-
nesses that are associated with paroxysma symptoms,
including glaucoma, Meniere disease, migraine, hypokale-
mic periodic paralysis, and certain of the episodic ataxias.
Acetazolamide can also be an effective therapy for benign
intracranial hypertension, a related disorder in which pla-
teau waves can occur.* The mechanism by which acetazol-
amide prevents plateau waves in patients with brain tumor
isincompletely understood. Nevertheless, acetazolamide is
known to decrease CSF production, which may in turn im-
prove intracranial compliance, thus lessening the risk that
plateau waves would occur or become symptomatic. It is
aso concelvable that acetazolamide produces a beneficia
effect by reducing brain tumor—induced cerebral edema or

226

C. J. Watling and J. G. Cairncross

works by other mechanisms. Acetazolamide should be ad-
ministered with caution in patients with a history of alergy
to sulfonamides and may cause unpleasant paresthesias of
the fingertips or toes in some individuals.

References

Alberti E, Hartmann A, Schiitz HJ, et a: The effect of large doses
of dexamethasone on the cerebrospina fluid pressure in patients
with supratentoria tumors. J Neurol 217:173-181, 1978
2. Czosnyka M, Smidewski P, Piechnik S, et a: Hemodynamic
characterization of intracranial pressure plateau wavesin head-in-
jured patients. J Neurosurg 91:11-19, 1999

3. GjerrisF, Borgesen SE, Sorensen PS, et a: Resistance to cerebro-
spind fluid outflow and intracranial pressure in patients with hy-
drocephal us after subarachnoid hemorrhage. Acta Neurochir 88:
79-86, 1987

4. Gjeris F, Sodberg Sarensen P, Vorstrup S, e d: Intracrani-
al pressure, conductance to cerebrospina fluid outflow, and cere-
bral blood flow in patients with benign intracranial hypertension
(pseudotumor cerebri). Ann Neurol 17:158-162, 1985

5. Hayashi M, Handa Y, Kobayashi H, et d: Plateau wave phenom-
enon (I). Correlation between the appearance of plateau waves
and CSF circulation in patients with intracrania hypertension.
Brain 114:2681-2691, 1991

6. Hayashi M, Kobayashi H, Kawano H, et d: ICP patterns and iso-
tope cisternography in patients with communicating hydroceph-
alusfollowing rupture of intracranial aneurysm. J Neur osurg 62:
220-226, 1985

7. Lundberg N: Continuous recording and control of ventricular fluid
pressurein neurosurgica practice. Acta Psychiatr Neurol Scand
36 (Suppl 149):1-193, 1960

8. Magnaes B: Body position and cerebrospina fluid pressure. Part
1: clinical studies on the effect of rapid postural changes. J Neu-
rosurg 44:687—697, 1976

9. Matsuda M, Yoneda S, Handa H, et d: Cerebra hemodynamic
changes during plateau waves in brain-tumor patients. J Neuro-
surg 50:483-488, 1979

10. Rosner MJ, Becker DP: Origin and evolution of plateau waves.

Experimental observations and atheoretical model. J Neurosurg

60:312-324, 1984

[

Manuscript received September 17, 2001.

Accepted in fina form March 29, 2002.

Address reprint requests to: Christopher J. Watling, M.D., Lon-
don Health Sciences Centre, 800 Commissioners Road, London,
Ontario, Canada, N6A 4G5. email: Chris.Watling@LHSC.ON.CA.

J. Neurosurg. / Volume 97 / July, 2002



