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Corticosteroids, a class of agents
similar to natural corticosteroid hor-
mones produced by the adrenal
gland, are routinely prescribed for
patients with brain tumors. These
agents decrease tissue swelling and
control signs and symptoms of brain
tumors, including headaches,
seizures, motor deficits, and altered
mental status. Synthesized in the
adrenal cortex, corticosteroids may
be further divided into two classes,
glucocorticoids and mineralocorti-
coids, based on their biologic activity.

Originally, the term glucocorticoid
was given to agents such as hydro-
cortisone and prednisone to describe
their effects on carbohydrate and pro-
tein metabolism, and the term miner-
alocorticoid was given to aldosterone
and fludrocortisone and described
their effects on regulating electrolyte
and water homeostasis. However,
carbohydrate metabolism is only one

of a multitude of effects that gluco-
corticoids produce within the body,
and the activity produced is a func-
tion of the specific receptor activated
(i.e., glucocorticoid versus mineralo-
corticoid), as well as the agent and the
prescribed dose (Gans & Smith, 1999).

This article provides an overview
of the mechanism of action of corti-
costerioids and rationale for their
use in patients with brain tumors.
Practical implications on dosing,
tapering, and side effects of dexam-
ethasone are discussed as well.

Mechanism of Action
Glucocorticoid receptors are found

intracellularly in almost all tissues.
Glucocorticoids enter cells through
passive diffusion and form a complex
with a receptor protein. This complex
then undergoes an irreversible activa-
tion and enters the cell nucleus, where
it binds to DNA, leading to biological
effects induced by these hormones,
including increased hepatic gluconeo-
genesis, increased lipolysis, muscle
catabolism, and inhibition of periph-
eral glucose uptake in muscle and adi-
pose tissue (Gans & Smith, 1999;
Greenspan & Stewler, 1997). The exact
mechanism of action of corticos-
teroids remains unknown despite
more than 40 years of research.

Rationale for Use
Corticosteroids decrease brain

edema. In central nervous system
tumors, corticosteroids have been
found not only to reduce peritumoral
and vasogenic brain edema, but also
reduce increased intracranial pres-
sure and frequency of plateau waves,

decrease cerebral spinal fluid pro-
duction, and decrease tumor cerebral
blood flow (Behrens, Ostertag, &
Warnke, 1998; Koehler, 1995; van
Roost, Hartmann, & Quade, 2001).
The primary corticosteroid used to
control cerebral edema is dexametha-
sone. More than 40 years ago, dex-
amethasone was used in patients
with brain tumors, and it is still used
today. Other steroids at equivalent
doses probably also work, but given
the clinical ease of use and comfort,
dexamethasone is used.

Although corticosteroids decrease
capillary permeability in the tumor
itself, it has been found in animal mod-
els that dexamethasone may act differ-
ently and decrease edema by effects on
bulk flow away from the tumor (Mol-
nar, Lapin, & Goothuis, 1995). In addi-
tion, corticosteroids also improve
patients’ level of alertness and reduce
or eliminate focal deficits (Anderson,
Astrup, & Gyldensted, 1994; DeAnge-
lis, 1994; Fishman, 2000).

Additional support for corticos-
teroid therapy in neurosurgical
patients includes high concentrations
of glucocorticoid receptors in certain
types of brain tumors (Yu et al., 1981).
Tumors that respond well to dexam-
ethasone, such as cerebral metastases,
are characterized by high levels of
glucocorticoid receptors. Tumors
known to respond less favorably,
such as meningiomas, are character-
ized by lower levels of glucocorticoid
receptors. In addition, the level of
edema associated with a meningioma
is dependent on various factors
including size, location, malignant
grade, and most importantly, 
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secretion of vascular endothelial
growth/permeability factor. Dexam-
ethasone has been found to impede
this factor in cultured cells (Criscuolo
& Balledux, 1996).

As a result of these actions and the
initial work of early investigators
(French & Galicich, 1964), glucocorti-
coids, specifically dexamethasone, are
now routinely administered to brain
tumor patients. Dexamethasone has
been the corticosteroid of choice in this
patient population because of its high
potency relative to other agents, its
low mineralocorticoid (sodium retain-
ing) effect, and its long biologic half-
life (i.e., 48 hours). Dexamethasone is
initially dosed every 6 hours but it
need not be because of long half-life
and could be dosed every other day.

Dosage
The usual but empirical initial

dose in brain tumor patients is an
intravenous bolus of 10 mg of dex-
amethasone, followed by a mainte-
nance dose of 4 mg given by the
intravenous (IV) route every 6 hours
(16 mg/day) (Szabo & Winkler, 1995).
Because of both rapid and complete
absorption from the gastrointestinal
tract, dosing of oral and parenteral
glucocorticoids is equivalent, and
intravenous therapy should be con-
verted to oral therapy at the earliest
appropriate opportunity. Higher dai-
ly dexamethasone doses can be given
to patients who do not respond to the
usual initial dose. Response is usual-
ly measured in terms of improve-
ment in neurological deficits within
48 hours. Corticosteroids can pro-
duce an improvement in neurologic
symptoms and reduction in cerebral
edema within the first 8 to 48 hours,
with 12 to 24 hours being the usual
time frame.

In recent years, doses as high as
100 mg per day of dexamethasone
have been used occasionally in situa-
tions of imminent herniation or to
achieve rapid stabilization prior to
urgent surgery (DeAngelis, 1994).
Preoperatively, doses may be
increased to 40 mg but often a change
in dosing is not warranted. Intra-

operative dosing is not usually rele-
vant to brain tumor patients, because
intracranial pressure adjustment is
managed by the anesthesiologist
with various other drugs including
IV fluids, pressors, and mechanical
ventilation. Postoperatively, deci-
sions regarding dosing are influenced
by the type of brain tumor and extent
of surgical resection, length of
surgery, and other intraoperative
complications, but often the standard
dosing protocol of 4 mg IV every 6
hours is ordered.

Dexamethasone Tapering
Corticosteroid therapy must be

tapered because of its interactions
with the hypothalamic-pituitary-
adrenocortical (HPA) axis. The hypo-
thalamus secretes corticotropin
releasing factor, which acts on the
anterior pituitary, where it stimulates
the secretion of adrenocorticotropin
(ACTH). The adrenal glands are stim-
ulated by ACTH to release approxi-
mately 20 mg of cortisol per day, with
peak levels occurring in the morning.
Through a negative feedback mecha-
nism, an increase in circulating corti-
sol results in the inhibition of this
cycle and suppression of its activity.
Suppression of the HPA axis affects a
patient’s ability to respond to an
acute stressful event and chronically
causes the axis to atrophy.

Typical doses of dexamethasone
used in the brain tumor patient are
pharmacologic (i.e., supraphysiologic)
in nature and have the potential to sup-
press the HPA axis if given over a pro-
longed period of time (e.g., more than 2
weeks), or are abruptly tapered or with-
drawn. Dexamethasone provided 4 mg
at every 6 hours, the usual initial dose—
equivalent to 400 mg of cortisol per
day—is about 20 times the normal rate
of endogenous production. In patients
who have received less than 14 days of
dexamethasone therapy, treatment may
be abruptly discontinued without
adverse events, because the HPAaxis is
not suppressed (Kountz & Clark, 1997;
Szabo & Winkler, 1995). However, some
rebound edema may occur and symp-
toms may recur abruptly.

In clinical practice, dexamethasone
tapering schedules are often pre-
scribed for short-term therapy, and
usually consists of an empiric reduc-
tion in dose of 2–4 mg every 1–3 days,
by either reducing the dose and/or the
interval. Other tapering schedules
have been reported in this patient pop-
ulation and include a “slow taper” of
lowering the dose by 4 mg every week.
In reality, the dose of dexamethasone
and tapering schedule should be
adjusted to the patient’s tolerance.

Dexamethasone is often used dur-
ing radiation therapy (RT). Higher
doses are used at the onset of and
during RT with lower doses at the
end of RT (Hempen, Weiss, & Hess,
2002). Research has shown that twice
daily dosing of dexamethasone can
provide a good clinical response with
minimal morbidity (Weissman, et al.,
1991). Dosages should be adapted to
each individual patient’s needs,
because some patients can experience
radiation side effects or neurological
symptoms without dexamethasone
(Hempen, Weiss, & Hess).

Often corticosteroid therapy contin-
ues beyond 14–21 days to control
symptoms of brain tumors, and grad-
ual reductions in dosing must occur.
The concept of a tapering schedule for
chronic corticosteroid therapy evolved
to prevent adrenal insufficiency syn-
drome and recurrence or exacerbation
of signs and symptom. Patients are
more likely to adhere to medication
schedules if signs and symptoms are
controlled and tolerated.

Although algorithms have been
developed and utilized to assist clini-
cians in safely withdrawing patients
from chronic corticosteroid therapy
(Kountz & Clark, 1997), tapering
schedules remain, at best, empiric
and dependent on patient specific
responses. A gradual decrease in dose
and/or dosing interval of dexaxam-
ethasone every 3–7 days, in an
attempt to reach a physiologic dose
equivalent to 20 mg of cortisol per
day (i.e., approximately 0.75 mg of
dexamethasone per day), should be
attempted (Szabo & Winkler, 1995).
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Cortisol levels peak in the morning,
so a once per day or every other day
morning dose of corticosteroid is opti-
mal to minimize suppression of the
HPA axis. It is suggested that after the
patient is tapered to a dose of 0.75 mg
of dexamethasone per day, a morning
cortisol level should be drawn to
determine the steroid’s effect on adren-
al function. If the cortisol level is
greater than 10 mcg/dl, the steroid
therapy can be stopped. If the morning
cortisol level is less than 10 mcg/dl, the
adrenal glands are still suppressed and
the steroid taper should continue over
4 more weeks (Szabo & Winkler, 1995). 

If further steroid tapering is required,
the patient should then be switched to a
more intermediate acting steroid, such
as prednisone, because long-acting cor-
ticosteroids like dexamethasone do not
provide a steroid free period for recov-
ery from adrenal suppression, and pred-
nisone also allows for more flexible
dosage adjustments (Spruill & Wade,
1988). After 4 weeks, another cortisol
level should be drawn. After the level is
greater than 10 mcg/dl, steroid therapy
may be discontinued.

To verify HPA axis recovery, the
rapid ACTH stimulation test may also
be utilized. A synthetic analog of
ACTH, cosyntropin 0.25 mg is adminis-
tered by the IV or intramuscular route.
Cortisol levels are drawn before the
dose is administered and again 30 min.
after administration. If the increase in
cortisol is less than 6 mcg/dl, the HPA
axis is still suppressed and the patient
still requires supplementation for
another 4 weeks. If the increase is
greater than 6 mcg/dl, the patient no
longer requires steroid therapy, because
adrenal function has returned to nor-
mal (Szabo & Winkler, 1995).

Patients receiving chronic gluco-
corticoid therapy may require up to 12
months for all components of the HPA
axis to recover full function and are
recommended to wear a Medic-alert
bracelet, in the event that they are
exposed to a stressful event and may
not be able to mount an effective
adrenal response (Kountz & Clark,
1997). Evidence of an effective adrenal
response include lack of cortisol defi-

ciency without weakness and fatigue,
anorexia, nausea and vomiting,
hypotension, hypoglycemia, hypona-
tremia, and increased susceptibility to
infection (Greenspan & Stewler, 1997). 

Adverse Effects
The myriad of adverse effects from

corticosteroid therapy are well known
to physicians, nurses, pharmacists,
and patients. In general, adverse
effects are dose- and time-dependent
with 50% of patients experiencing at
least one toxicity symptom. Common-
ly encountered adverse effects include
hyperglycemia, gastritis, gastrointesti-
nal bleeding, weight gain and moon
faces, osteoporosis with chronic thera-
py, psychosis or euphoria, immuno-
suppression causing increased
susceptibility to infection, and skin
fragility and striae (DeAngelis, 1994;
Vecht et al., 1994). In addition, steroid
myopathy can occur, causing weak-
ness primarily to proximal muscles of
the upper and lower extremities and
neck, which is frequently confused
with progressive neurological disease.

Nurses may need to educate
patients on management of blood
sugar levels including possible use of
insulin. To prevent gastrointestinal
complications, encourage patients to
take steroids with food and avoid
aspirin and nonsteroidal anti-inflam-
matory drugs. Neuroscience nurses
often confront body image distur-
bances of patients who experience
weight gain and a “moon face” as a
result of steroid use, requiring emo-
tional support and counseling in
dietary modifications such as low
calorie snacks. Reassure patients that
weight gain will not usually continue
when dexamethasone is tapered off.

Musculoskeletal effects can be
potentially disabling, so patients should
be encouraged to exercise, if possible.
Infection control measures include
avoidance exposure to cold- and flu-
like symptoms in others. Nurses will
often need to assess patients’ oral cavi-
ties for candida infection. If insomnia is
a problem, sleep aids and avoidance of
daytime napping may help. Both
patients and family members should be

alerted to possible personality changes
that may occur with dexamethasone
use. Family members need to be includ-
ed in education efforts, because they are
often the individuals who note patient
responses to treatment and changes in
behavior.

Although most of these adverse
effects occur with chronic corticosteroid
therapy, patients often experience some
of these with short-term therapy. The
highest incidence of toxicity was evi-
dent in patients with serum albumin
levels below 2.5mg/dl (Weissman,
Dufer, Vogel, & Abeloff 1987). Because
corticosteroids are highly bound to
serum albumin, a decrease in the serum
albumin level will result in a higher
concentration of unbound corticos-
teroid in the circulation, thus increasing
the potential for toxicity. Fortunately,
serum albumin levels are usually not a
problem in brain tumor patients.

Dose tapering can exacerbate pre-
existing conditions such as pain, arthri-
tis, asthma, dental conditions, and drug
rash because of an antiepileptic drug.
The treatment for an antiepileptic drug
rash is to stop the drug; rarely are anti-
histamines or steroid creams ordered.
The hepatic clearance of most
antiepileptic medications is affected by
steroids, necessitating careful monitor-
ing of antiepileptic drug levels. Corticos-
teroids also decrease the effectiveness of
oral contraceptives, therefore, dose
adjustments and sexual counseling are
needed in relevant patients. Throm-
boembolic risk may also increase in a
patient population already at high risk
for venous thrombosis.

Preventive measures can be initiat-
ed to avoid some of the more common
adverse effects. Dietary counseling for
optimizing nutritional status with a
diet high in protein (to maintain an
adequate serum albumin), vitamins,
and micronutrients are recommended
for the patient requiring chronic corti-
costeroid therapy. In addition, nutri-
tional counseling can guide the patient
in the selection of low-calorie and low-
fat snacks for those who experience an
increase in appetite and weight gain.
Doses of corticosteroids may be taken
with food. An antacid, or an H-2
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antagonist or proton pump inhibitor
may be added to the patient’s medica-
tion regimen to reduce the incidence of
gastritis and gastrointestinal bleeding.

Calcium and vitamin D supple-
mentation can also be prescribed to
reduce the loss of bone mass associat-
ed with long-term use of steroids. In
addition, alendronate (Fosamax) and
risedronate (Actonel) are prescribed
to prevent steroid-induced osteo-
porosis and subsequent fractures. To
date, risedronate is the only medica-
tion approved by the Food and Drug
Administration for this use.

Drug Interactions
Phenytoin, an antiepileptic medica-

tion frequently prescribed for seizure
prophylaxis in patients following neu-
rosurgery, has been shown to decrease
the serum half-life of dexamethasone
by increasing its metabolism. This
interaction may account for the varia-
tions in the optimal dexamethasone
dose in a large number of brain tumor
patients receiving prophylactic anti-
epileptic medications. Phenobarbital,
another antiepileptic medication, has
also demonstrated a similar effect on
dexamethasone. Both of these agents
are potent inducers of the hepatic
microsomal enzyme system, which
would explain their effect on dexam-
ethasone metabolism. Hence, newer
anti-epileptic drugs with no hepatic
enzyme inhibition, such as gabapentin
and levetiracetam, may be preferable
for patients who need seizure prophy-
laxis. The interaction of dexametha-
sone and other anti-epileptic drugs has
not been well studied. Careful moni-
toring and dose adjustments may be
required to achieve therapeutic drug
concentrations (Gattis & May, 1996).

Summary
Administration of corticosteriods in

brain tumor patients requires an
understanding of the physiology of the
adrenal system and desired patient
response. Close attention to other con-
comitant medications will ensure ade-
quate amounts of all drugs, including
dexamethasone. Nurses need to assess
patients’ tolerance of dexamethasone,

discuss these findings with physicians
and pharmacists, and educate both
patients and family members on doses
and tapering schedules tailored to
individual patient needs.
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