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A Reduced Exogenous Steroid Taper for Postoperative Brain Tumor Patients—
A Case-Control Study
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Michael W. McDermott3
-BACKGROUND: Dexamethasone is a standard treatment
for cerebral edema after brain tumor surgery. However, its side
effects can negatively impact the quality and safety of care
provided to patients. Sparse evidence exists in the literature
regarding postoperative steroid dosing to guideclinicians. The
objective of this study was to determine if a new reduced
exogenous steroid taper (REST) protocol would effectively
treat postoperative cerebral edema while reducing the inci-
dence of steroid-related side effects including diabetes, hy-
pertension, and insomnia.

-METHODS: A REST protocol (dexamethasone 38.5 mg
tapered over 10 days) was instituted for patients with
postoperative brain tumor of a single surgeon. Historical
controls treated with a high-dose taper (dexamethasone
117 mg taper over 17 days) were selected to match for
baseline characteristics. Outcomes of new or worsened
diabetes, hypertension, and insomnia, as well as length of
stay (LOS) and 30-day readmission rates, were compared.

-RESULTS: Twenty-five patients were included in each
group. There were no significant differences in baseline
characteristics. The REST group received a median of 34.5
mg (interquartile range, 32e41 mg) of dexamethasone,
whereas controls received 43 mg (interquartile range, 16e
91 mg) (P [ 0.04). There was a significant reduction in the
incidence of new or worsened hypertension in the REST
group (0%) compared with controls (20%, P [ 0.02). No
difference was seen in the rates of diabetes mellitus,
insomnia, LOS, or 30-day readmission rates.
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-CONCLUSIONS: A reduced steroid taper after brain
tumor surgery significantly reduced the incidence of hy-
pertension without increasing LOS or 30-day readmissions
compared with controls treated with a high-dose taper.
INTRODUCTION
he use of corticosteroid therapy for the treatment of
patients with brain tumor has been a standard practice
Tsince the 1960s.1-8 Dexamethasone in particular is favored

given its potent anti-inflammatory properties, long half-life, and
minimal sodium retaining potency.2 Dexamethasone’s
mechanism of action is not fully elucidated, but it is thought to
reduce cerebral edema through multiple sites of action including
reduced tumor angiogenesis and vascular endothelial growth
factor production, tumor growth, and neuronal cell death.8,9 In
addition to reducing peritumoral edema, dexamethasone is
effective in the postoperative setting at treating the neurologic
sequelae of brain retraction/manipulation that occurs during a
tumor resection.8-10

The negative side effects of corticosteroids, including hyper-
glycemia, insomnia, hypertension, poor wound healing, psycho-
sis/agitation, proximal myopathy, Cushingoid appearance, and
gastrointestinal complaints, are known to be related to cumulative
dose and duration of therapy.11,12 In addition, recent animal
studies suggest that steroids may increase invasion, proliferation,
and angiogenesis in glioblastoma.13 Complications from
corticosteroid use can lead to longer hospital length of stay,
hospital-acquired infections, and reduced patient satisfaction.
From the 1Department of Neurological Surgery, University of Texas MD Anderson Cancer
Center, Houston, Texas; 2School of Medicine; and Departments of 3Neurological Surgery,
4Pharmaceutical Services, and 5Medicine, University of California San Francisco, California,
USA

To whom correspondence should be addressed: Alexander F. Haddad, B.S.
[E-mail: alexander.haddad@ucsf.edu]

Citation: World Neurosurg. (2019) 125:e44-e47.
https://doi.org/10.1016/j.wneu.2018.12.173

Journal homepage: www.journals.elsevier.com/world-neurosurgery

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2019 Elsevier Inc. All rights reserved.

UROSURGERY, https://doi.org/10.1016/j.wneu.2018.12.173

http://crossmark.crossref.org/dialog/?doi=10.1016/j.wneu.2018.12.173&domain=pdf
mailto:alexander.haddad@ucsf.edu
https://doi.org/10.1016/j.wneu.2018.12.173
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2018.12.173


Table 1. Postoperative Dexamethasone Taper Schedule for the
REST and Control Groups

Postoperative Day REST Control

1 4 mg BID 4 mg QID

2 4 mg BID 4 mg QID

3 4 mg BID 4 mg QID

4 2 mg BID 4 mg QID

5 2 mg BID 4 mg QID

6 1 mg BID 3 mg QID

7 1 mg BID 3 mg QID

8 1 mg in morning 3 mg BID

9 1 mg in morning 3 mg BID

10 0.5 mg in morning 2 mg BID

11 e 2 mg BID

12 e 1 mg BID

13 e 1 mg BID

14 e 1 mg in morning

15 e 1 mg in morning

16 e 0.5 mg in morning

17 e 0.5 mg in morning

Total steroid dose 38.5 mg 117 mg

Taper duration 10 days 17 days

BID, 2 times a day; QID, 4 times a day; REST, reduced exogenous steroid taper.
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Known predictors of developing side effects include the
cumulative dose of corticosteroid given, as well as the duration of
patient use.11 A 1987 study in neuro-oncology patients indicated
that patients who received a total of greater than 400 mg of
dexamethasone had a 75% incidence of toxicity, whereas those
who received a total of less than 400 mg had a 13% incidence of
toxicity.12 Reducing steroid doses to the lowest effective dose is a
potential mechanism for improving the quality and safety of care
provided to patients. Despite a need to balance the benefits and
risks, there is a paucity of evidence regarding the optimal
dosing of dexamethasone in postoperative neuro-oncology
patients.14 As a result, there is significant variability in treatment
practices.15

At our institution, there is a longstanding practice of treating
patients with postoperative intra- and extra-axial brain tumor with
a 17-day, high-dose dexamethasone taper in the immediate post-
operative setting. This taper is based on clinical experience and
historical practice, but it is supported by little evidence from the
literature.10,16 In this study, we sought to determine if a shorter,
lower dose dexamethasone taper would reduce the side effects of
hyperglycemia, hypertension, and insomnia, while remaining
effective in treating the symptoms of postoperative cerebral
edema.

METHODS

Population and Study Design
This case-control study was approved by the institutional review
board. Patient consent was not required for this minimal risk
study, per institutional policy. Inclusion criteria were patients with
brain tumor of a single surgeon (MWM) who underwent crani-
otomy for meningioma, glioma, or brain metastasis. Exclusion
criteria included tumor pathology other than meningioma,
glioma, or metastasis; preoperative use of dexamethasone for
longer than 1 month; and implantation of brachytherapy seeds or
Gliadel Wafer (Arbor Pharmaceuticals, Atlanta, Georgia, USA).
Patients in the REST arm of the study were enrolled from

mid-August through October 2017. The REST dosing schedule,
involving a total of 38.5 mg of dexamethasone tapered over 10
days, is shown in Table 1 alongside the standard dexamethasone
taper used for patients undergoing craniotomy for brain tumor
before the institution of the REST protocol. Control patients
received a total of 117 mg of dexamethasone over 17 days,
according to this taper schedule. Although all patients were
initially started on one of these 2 taper schedules, dose
adjustments were made in some cases by the clinicians
according to clinical circumstances. Patients were retrospectively
analyzed by the assigned taper group (intention-to-treat) as well
as by the total amount of steroid received (as treated).
The control arm of the study was retrospectively constructed

from historical controls pseudorandomly selected from the pre-
ceding 1 year, before the launch of the REST protocol. The his-
torical control group was matched to the REST group for several
baseline characteristics including age, sex, tumor pathology,
tumor size, presence of edema, prior treatments, preoperative
symptoms (headache, seizure, and neurologic deficits), preoper-
ative steroid use, and pre-existing diabetes mellitus (DM),
hypertension (HTN), and insomnia. The primary outcomes
WORLD NEUROSURGERY 125: e44-e47, MAY 2019
included new or worsened HTN, DM, and insomnia requiring
initialization or escalation of medical therapy after surgery. Anti-
hypertensive medications were initiated and titrated to achieve a
systolic blood pressure of less than 140 mm Hg. Pain was well
controlled, per institutional protocol, before initiating new or
additional antihypertensives. Similarly, insulin regimens were
titrated to target a blood glucose level between 90 and 140 mg/dL.
The diagnosis and treatment of insomnia was based on subjective
patient reports. Secondary outcomes included length of stay (LOS)
and 30-day readmission rate.
Statistical Analysis
Baseline characteristics were compared between the REST and
control groups using univariate statistics. For categorical variables,
a Pearson’s c2 test, and for continuous variables, a 2-tailed Stu-
dent’s t-test was employed. To confirm that the REST group
actually received a reduced overall steroid dose, the total dose,
mean daily steroid dose, and taper duration were compared be-
tween groups. The outcomes of new or worsened DM, HTN, and
insomnia; LOS; and 30-day readmissions were similarly compared
between the REST and control groups, employing a Pearson’s c2

test for categorical variables and a 2-tailed Student’s t-test for
continuous variables. The primary and secondary outcomes were
also analyzed in an “as treated” fashion, according to the total
www.journals.elsevier.com/world-neurosurgery e45
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steroid dose (which included any preoperative steroids), mean
daily steroid dose, and taper duration with logistic regression.

RESULTS

A total of 50 patients, 25 in each group, were included in the study.
Eleven patients were excluded from the REST group over the
2.5-month study period because of nonincluded pathology (6),
preoperative steroid use for longer than 1 month (2), and
brachytherapy or Gliadel Wafer implantation (3). The same
exclusion criteria were applied in selecting the historical control
group. There were no significant differences in the baseline
characteristics between the REST and control groups (Table 2).
The REST group received a median of 34.5 mg (interquartile
Table 2. Univariate Comparison of Baseline Characteristics
Between the REST and Control Groups

Characteristic
REST

(n [ 25)
Control
(n [ 25) P Value

Age (years) 58 [48e67] 61 [56e73] 0.1

Sex (% female) 18 (72%) 12 (48%) 0.08

Pathology 0.46

Low-grade glioma 3 (12%) 1 (4%)

High-grade glioma 2 (8%) 5 (20%)

Meningioma 18 (72%) 16 (64%)

Metastasis 2 (8%) 3 (12%)

Maximal tumor dimension (mm) 34 [20e43] 40 [29e51] 0.18

Edema/increased T2 signal 13 (52%) 15 (60%) 0.57

Prior treatments 0.27

Surgery 4 (16%) 1 (4%)

Radiation 0 (0%) 1 (4%)

Surgery þ radiation 4 (16%) 2 (8%)

Headaches 12 (48%) 13 (52%) 0.77

Seizures 8 (32%) 7 (28%) 0.76

Neurologic deficits (vision, motor,
cranial nerve)

13 (52%) 14 (56%) 0.78

Prior DM 2 (8%) 3 (12%) 0.64

Prior HTN 9 (36%) 14 (56%) 0.16

Prior insomnia 5 (20%) 3 (12%) 0.44

Preoperative steroids 5 (20%) 7 (28%) 0.5

Total preoperative dose (mg) 34 [23e74] 64 [40e104] 0.24

Total amount of steroid (mg) 34.5
[32e41]

43 [16e91] 0.04*

Steroid taper duration (days) 10 [7e10] 12 [7e17] 0.14

Mean daily steroid dose (mg/day) 3.45
[3.4e4.6]

4.3 [3e6.4] 0.09

DM, diabetes mellitus; HTN, hypertension; REST, reduced exogenous steroid taper.
*Statistically significant with P � 0.05, [ ] denotes 25% to 75% interquartile range.
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range [IQR], 32e41 mg) of dexamethasone over 10 days (IQR,
7e10 days), which was significantly less than the 43 mg (IQR,
16e91 mg)] received over 12 days (IQR, 7e17 days) by the
historical control group (P ¼ 0.03). The mean daily dose and
taper durations had a nonsignificant trend toward higher mean
dose and longer treatment in the control group (0.14 and 0.09,
respectively).
Comparison of the incidence of new or worsened DM, HTN,

and insomnia is shown in Table 3. There was a significant
reduction in the incidence of new or worsened hypertension
requiring antihypertensive medical therapy in the REST group
(0%) compared with the control group (20%, P ¼ 0.02). No
difference was seen in the rates of DM or insomnia. Similarly,
no difference was seen when comparing LOS and 30-day read-
mission rates. When analyzed on an “as treated” basis, logistic
regression did not show a significant relationship between total
steroid dose, mean dose, or taper duration and the primary and
secondary outcomes.
DISCUSSION

Corticosteroids are very effective at treating peritumoral edema
and the transient neurologic sequelae of brain retraction/manip-
ulation after surgery due to their effects on the blood-brain
barrier.5,6,14 However, numerous deleterious steroid-related side
effects have a significant negative impact on the quality of care
provided to neurosurgical patients. Furthermore, recent work by
Luedi et al13 has shown that dexamethasone increases
proliferation, invasion, and angiogenesis in an orthotopic
glioblastoma multiforme mouse model, and thus may potentially
worsen the prognosis for patients with glioblastoma multiforme.
Despite its widespread use in patients with neurosurgical tumor,
very little data exist to guide clinicians when trying to optimize
dosing for maximal benefit and minimal risk in the
postoperative setting. A 2-week high-dose dexamethasone taper
after craniotomy for brain tumors has been a longstanding prac-
tice at our institution. However, a literature review revealed no
evidence to support this taper schedule. In this study, we sought
to determine if a new reduced dexamethasone taper would
improve the quality of care by decreasing the incidence of new
and/or worsened DM, HTN, and insomnia, while still effectively
Table 3. Univariate Comparison of DM, HTN, and Insomnia
Outcomes Between the REST and Control Groups

Outcome
REST

(n [ 25)
Control
(n [ 25) P Value

New/worsened DM requiring insulin 0 2 (8%) 0.15

New HTN requiring medication 0 5 (20%) 0.02*

New insomnia requiring medication 6 (24%) 8 (32%) 0.53

Length of stay (days) 2 [2e4] 3 [2e4] 0.24

30-day readmission 2 (8%) 1 (4%) 0.55

DM, diabetes mellitus; HTN, hypertension; REST, reduced exogenous steroid taper.
*Statistically significant with P � 0.05, [ ] denotes 25% to 75% interquartile range.
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treating the cerebral edema after surgery. We found a significant
reduction in hypertension that required patients to start new
antihypertensive medications after surgery. There was no signifi-
cant impact on the incidence of diabetes, insomnia, LOS, or
30-day readmission rate.
The initiation of a new medication postoperatively for hyper-

tension can lead to medication side effects such as electrolyte
abnormalities and renal failure, excessive reduction in blood
pressure values, and the unnecessary continuation of an antihy-
pertensive medication on discharge, which can potentially lead to
hypotension at home. Decreasing the incidence of postoperative
hypertension is important to enhancing patient safety and
improving overall quality of postoperative care.
The risk of a reduced corticosteroid dose is the possibility of

undertreating the neurologic symptoms after surgery including
headaches, nausea, malaise, weakness, aphasia, and so on. These
neurologic symptoms, seen commonly in the postoperative
setting after brain tumor resection, increase morbidity, lengthen
hospital stays, and prolong recovery from surgery. Although the
retrospective review of patient records did not allow for direct
comparison of these symptoms, secondary outcomes of LOS and
30-day readmission rates were assessed as surrogates for the
effective treatment of neurologic symptoms after surgery. No
difference was seen in LOS or 30-day readmission rates. This
supports that a reduced taper improved rates of HTN while still
adequately treating the sequelae of cerebral edema.
There are several important limitations to this study.

Although the study population was heterogeneous (including
both intra- and extra-axial, supra- and infratentorial tumors),
the majority (68%) of the study population consisted of patients
WORLD NEUROSURGERY 125: e44-e47, MAY 2019
with meningioma, thus limiting the generalizability of the
findings to other pathologies. The exclusion of patients on
longstanding preoperative dexamethasone (>1 month) further
limits the applicability of our findings to a large group of
neuro-oncology patients for whom steroid treatment is neces-
sary. Further work is needed to optimize postoperative dosing
regimens for intra-axial tumors (32% of our study population)
and those requiring preoperative steroids. Although the REST
arm of the study was prospectively enrolled, the control arm
consisted of historical cases for which data were retrospectively
extracted from the medical record. These controls were
randomly selected from a 1-year period just before the start of
the REST protocol to minimize any possible differences in
practice of the surgeon or clinical team. Randomization of a
larger sample size to REST or control steroid tapers would
strengthen the findings. Finally, further work should also
evaluate rates of delirium/psychosis, another steroid-induced
side effect with a significant negative impact on the quality of
care for neurosurgical patients.
CONCLUSIONS

A reduced steroid taper for patients after brain tumor surgery was
effective in reducing the incidence of hypertension while
adequately treating neurologic symptoms when compared with
historical controls treated with a longer, high-dose taper.
Continual efforts to evaluate longstanding, specialty specific
practices, such as high-dose steroids after brain tumor surgery,
will lead to incremental improvements in the quality of care for
patients.
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