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Abstract

Purpose:
To determine the rate at which focal neurologic de�cits respond to pre-operative corticosteroids in
patients with brain metastases and whether such an improvement is predictive of long-term improvement
in neurologic function following surgery.

Methods:
Patients with pathology-proven brain metastases who underwent open surgical resection between 2010
and 2019 were identi�ed. Charts were reviewed to identify patients with de�cits in language, visual �eld,
or motor domains who received corticosteroids prior to surgery. Descriptive analysis compared
characteristics between steroid responders and non-responders. Dosage and duration were binned into
deciles and plotted against their corresponding response rates.

Results:
96 patients demonstrated a visual �eld (13 patients), language (19), or motor (64) de�cit and received
dexamethasone in the week prior to surgery (average cumulative dose 42.66 mg; average duration 64.5
hours). 38.5% of patients’ de�cits improved on neurologic exam prior to surgery. 82.3% of patients
improved by follow-up. Motor de�cits were most likely to improve (46.9%; p = 0.024). All 37 responders
demonstrated durable improvement at follow-up whereas 42 of 59 (71%) of non-responders ultimately
improved (p < 0.001). Average dosage and duration prior to response were 17.33 mg and 23.94 hours,
respectively. All other clinical characteristics were similar between responders and non-responders.

Conclusions:
A response to steroids prior to surgery predicts long-term improvement for focal neurologic de�cits
related to brain metastases. Lack of such a response portends a somewhat less favorable prognosis.
There is no obvious association between duration or intensity of therapy and response.

Introduction
Corticosteroids are nearly ubiquitous in the peri-operative management of patients with symptomatic
brain metastases [1-4]. Symptoms are commonly attributed to peri-tumoral vasogenic edema, which
globally increases intracranial pressure (ICP) and disrupts local brain functions. Steroids such as
dexamethasone reduce this edema [5-8], consequently decreasing ICP [9] and increasing cerebral blood
�ow (CBF) to peri-tumoral areas [10]. This reduction likely alleviates the global symptoms of elevated ICP,
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such as headache or altered mentation [1, 2, 11], while restoring local perfusion may be responsible for
improvement in focal neurologic de�cits [3, 5, 10]. 

There is little consensus as to how readily these different symptoms respond to steroids in the literature,
however. Overall steroid response rates vary widely [2, 12-16], while it has been suggested that global
symptoms attributable to elevated ICP respond more often than focal neurologic de�cits [11]. Further, the
long-term implications of such improvements are also unclear, despite obvious prognostic signi�cance.
Pre-operative response does not appear to predict long-term motor outcome in the small subset of these
patients with primary motor cortex metastases [17]. The majority of de�cits in this population, however,
are more likely related to disruption of adjacent cortex or white matter pathways by peri-tumoral edema,
which may be reversible once the local mass effect is removed.

Thus, there is a need to de�ne the role of pre-operative steroids in alleviating focal neurologic symptoms
related to brain metastases as well as the long-term impact of such bene�ts. We evaluated the rate of pre-
operative neurologic improvement with steroids in patients with brain metastases and determined
whether such an improvement was predictive of improved neurologic function following surgery. In so
doing, we evaluated multiple clinical characteristics that may be associated with such a response,
including intensity or duration of steroid therapy. We hypothesize that a response to pre-operative
dexamethasone suggests a de�cit related to poor local cerebral perfusion which can be permanently
alleviated by surgery, thus predicting long-term improvement.

Methods
We conducted a retrospective review of patients with pathology-proven intracranial metastases who
underwent open surgical resection at Oregon Health and Science University between 2010 and 2019.
Patient charts were reviewed for pre-operative steroid use and pre- and post-operative neurologic exams.
Patients with documented neurologic de�cits in language, visual �eld, or motor domains who received
corticosteroids in the seven days prior to surgery and presented to outpatient follow-up at our institution
were included. We excluded patients who underwent a stereotactic or minimally invasive biopsy
procedure, had extra-axial tumors, and those without documented outpatient follow-up at our institution.
The study was approved by the local institutional review board.

Patient demographics, tumor characteristics, steroid use, and neurological de�cits were extracted from
the medical record. Our primary outcome of interest was whether improvement in de�cit with steroid
administration before surgery was associated with sustained improvement at follow-up. Language de�cit
was de�ned as impaired �uency, repetition, or naming. Visual �eld de�cit was assessed by �nger
counting to confrontation. Motor de�cit was de�ned as impaired power testing or positive pronator drift.
At least two exams, both before and after initiation of steroids, need have been documented to evaluate
for improvement versus no improvement prior to surgery. Of note, high inter-observer agreement was
previously reported in strength and language testing in the composition of the Neurologic Assessment in
Neuro-Oncology Scale [18]. Follow-up was de�ned as any outpatient encounter with neurosurgery
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following discharge and ranged from two week incision check appointments to several month follow-up.
All patients treated at our institution receive adjuvant stereotactic radiosurgery to the resection bed four to
six weeks post-resection.

Images were analyzed for extent of resection and size (centimeters in greatest dimension) in a blinded
fashion by three reviewers. Extent of resection was determined using post-operative magnetic resonance
imaging (MRI) with gadolinium contrast administration within 48 hours of surgery and de�ned as the
presence of residual contrast enhancement in the resected lesion(s). Discrepancies were resolved by
reference to the attending neuroradiologist’s clinical report. 

Descriptive analysis was performed comparing patients whose neurologic function improved prior to
surgery with those who did not. We conducted t-tests for continuous variables and utilized chi-squared
and Fisher’s exact tests for categorical variables. Steroid dosage and duration were binned into deciles
and plotted against their corresponding response rates to evaluate whether higher cumulative doses or
longer duration of steroids were associated with higher likelihood of improvement. Analyses were
performed using Stata SE, version 13.1 (StatCorp LP). All tests were two-sided and a P-value of < 0.05
was considered signi�cant. 

Result
Patient Characteristics

223 of 349 patients (64%) with pathology-proven brain metastases who underwent craniotomy for
resection had documented pre-operative neurologic de�cit(s). 161 patients returned to our institution for
an outpatient follow-up exam, 118 of whom had received steroids prior to their operations. In total, 96
patients met criteria for analysis with de�cits in language, visual �eld, or motor domains, corticosteroid
use within seven days prior to surgery, and outpatient follow-up at our institution. 

Average patient age was 63.3 years (range 27 – 92 years) and 51 (53.1%) were male (Table 1). 64, 19,
and 13 patients had impairments in motor, language, and visual �eld testing respectively. The average
cumulative dexamethasone dose prior to surgery was 42.66 milligram (mg) (range 4 – 170mg) while the
average duration of administration was 64.5 hours. 37 patients’ (38.5%) de�cits on exam improved prior
to surgery. 79 patients’ (82.3%) de�cits improved by outpatient follow-up. Median follow-up was 28 days
following surgery. 

Pre-operative improvement varies by de�cit type and predicts long-term improvement

There were signi�cant differences in de�cit type and improvement at outpatient follow-up between
steroid responders and non-responders (Table 2). 30 of 64 (46.9%) motor de�cits improved with steroids
prior to surgery while 6 of 19 (31.6%) language de�cits and only 1 of 13 (7.7%) visual �eld de�cits
improved (Table 3; p = 0.024). Overall, 57 of 64 (89.0%) motor de�cits, 16 of 19 (84.2%) language de�cits,
and 6 of 13 (46.2%) of visual �eld de�cits improved by last follow-up. 



Page 6/17

All 37 patients whose de�cits responded to steroids prior to surgery demonstrated durable improvement
at follow-up, whereas 42 of 59 non-responders (71%) improved by follow-up (Figure 1, p < 0.001). 

All other clinical and radiologic variables, including age, gender, primary tumor site, steroid naiveté,
cumulative dosage, duration of therapy, dosing regimen, tumor size, extent of resection, recurrent or
hemorrhagic tumor, presence of multiple lesions, resection of multiple lesions, and presence of residual
untreated lesions, were similar between responders and non-responders. 

No dose regimen was associated with pre-operative improvement

There were no signi�cant differences in steroid administration between responders and non-responders
to favor a dose or duration of therapy. Average cumulative dose was similar between responders and
non-responders (40.76 mg vs 43.85 mg; p = 0.65). Patients who did improve with steroids did so after an
average of only 17.33 mg, however (Figure 2a; range 4 – 34 mg). When distributed by decile, the
likelihood of response did not change signi�cantly with an increase in steroid dosage (Figure 2b; p = 0.43;
R2 = 0.08)

Average duration of therapy prior to surgery was also similar between responders and non-responders
(64.41 vs 64.56 hours; p = 0.99). Patients who responded to steroids did so after an average of 23.94
hours (Figure 3a; range 6 – 48 hours). When distributed by decile, the likelihood of response did not
change signi�cantly with increasing duration of steroid therapy (Figure 3b; p = 0.99; R2 <0.01).

Discussion
Dexamethasone is frequently given to alleviate signs and symptoms related to vasogenic cerebral edema
in patients with brain tumors [1-3]. While many imaging studies have demonstrated its e�cacy in
reducing peri-tumoral edema [5-7] and improving peri-tumoral CBF [10], its clinical bene�ts have not been
systematically studied. Rather, it has only been suggested that focal neurologic impairments respond less
readily to steroids than global signs or symptoms of high ICP [11]. This report demonstrates that focal
de�cits respond to steroids in only about a third of cases, but that this response depends on de�cit type
and, in all cases, predicts long-term improvement. Secondarily, intensity and duration of steroid therapy
do not clearly in�uence the likelihood of response. 

The overall rate of improvement in neurologic de�cits following steroid administration was 38.5% [2, 12-
16]. Even so, the likelihood of response appears to vary widely depending on clinical condition or, in this
instance, de�cit type. Impairments in motor function responded most readily to steroids, while language
and visual �eld dysfunction were relatively less likely to improve. Patients’ higher sensitivity to motor
impairment than visual �eld loss may lead to earlier presentation and, thus, this favorable response
pro�le. Similarly, progressive functional loss may reach a threshold beyond which improvement without
surgery becomes exceedingly unlikely, again favoring earlier presentation. Even so, 82% of all patients in
this study displayed symptomatic improvement at post-operative follow-up, in line with previous
comments on the bene�ts of surgical resection of symptomatic metastases [19], though it has not yet
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been quanti�ed in the literature to our knowledge. This reassures that many patients will bene�t
symptomatically from surgery and that failure to respond to steroids prior to does not necessarily portend
a poor long-term functional prognosis. While formal analysis of the patients who did not improve
neurologically post-operatively was beyond the scope of this paper, many among this group succumbed
to their disease within 3 to 6 months indirectly suggesting a signi�cant disease burden and poor
functional baseline.

Regardless, a response to pre-operative steroids appears to be best predictive (100% in this cohort) of
durable neurologic improvement. This �nding greatly improves functional prognostication and, in so
doing, potentially transforms pre-treatment counseling and decision-making for this often medically and
ethically complex patient population. Patients with short life expectancy, but for whom symptom
palliation would signi�cantly bene�t their quality of life, would bene�t from such foresight in weighing a
decision to undergo surgery. However, symptom relief and restoration of neurologic functions may be
equally critical to patients with well-controlled systemic disease and a favorable overall prognosis. In the
immediate term, these �ndings also inform peri-operative management by demonstrating that some
patients are unlikely to see symptomatic bene�t with steroids. Given the number of potential side
effects [1, 2, 20, 21] and association with poorer outcomes in glioblastoma [22], foregoing steroid
administration in these groups could improve outcomes overall. 

Our results do not support a speci�c dosing regimen, as no differences in symptom response rate were
seen between different dosages, dosing regimens, or duration of therapy. Patients showed improvement
roughly 24 hours after steroids were initiated, or after receiving 17mg cumulatively, yet there was no clear
additive response to steroids with continued therapy. These values are inter-related, given a 16 mg/day
regimen was most common in this population, however it does raise questions of continuing versus
tapering steroids beyond this time point or dosage in patients who have not improved. Remarkably few
studies have pursued the question of optimal steroid regimen, with the best evidence from Vecht, et.
al [23] suggesting a lower dosage of 4 or 8 mg daily yielded equivalent performance status to 16 mg daily
in patients awaiting radiation therapy. Further prospective study comparing dosing regimens is merited
and necessary in better tailoring peri-operative steroid use for these patients.

Further work is needed to determine the mechanism behind these results. Previous imaging studies have
shown a decrease in peri-tumoral edema [5-8] and a restoration of CBF [10] in these areas following
steroid administration, but the symptomatic bene�ts associated with these effects remain
uncharacterized. Presumably, successful tumor resection would permanently resolve local edema and
normalize CBF, allowing for restoration of local neurologic functions. Instances where focal neurologic
impairment is due to direct tumor disruption of eloquent pathways, rather than in�ltrating edema, may be
less likely to bene�t from steroids however, as has previously been reported [17]. Correlating imaging
changes with steroid administration would be informative in further guiding steroid indications and
predicting outcomes after therapy.   
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This study has the usual limitations of a retrospective review. Speci�cally, inter-observer variability could
confound assessments of improvement or stability in a patient’s neurologic exam. Because of this,
de�cits felt to be most objectively documented such as language, visual �eld, and motor domains were
included. High inter-observer agreement has previously been found in strength and language testing in
rigorous study [18]. Altered mental status and sensory hemineglect were present frequently in this patient
population, but were not included for analysis because of variability in documentation between
examiners. Tumor location and neurologic de�cit were not correlated in detail, as this was felt to be
beyond the scope of this study and di�cult to propose without consistent functional imaging or
intraoperative mapping data. In any case, a de�cit was only included if it corresponded to a tumor on the
contralateral hemisphere. For this reason as well, de�cits such as dysmetria were not analyzed as part of
this report given their dubious relation to varied tumor locations. Unfortunately, cohort size limited
multivariate analysis by de�cit type. 

Conclusion
Patients with brain metastases and focal neurologic de�cits respond to steroids in a minority of cases,
but such a response is highly predictive of long-term improvement. Such a response does not appear
dependent on dosing intensity or duration. Further work is needed to better tailor pre-operative steroid use
and predict who is most or least likely to respond.
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Table 1
Basic patient demographics and clinical characteristics of the

overall study population.

Characteristic Value

Overall 96

Age (years) Mean 63.3

Range 27–92

Gender Male 51 (53.1%)

Female 45

De�cit category Motor 64 (66.7%)

Language 19 (19.8%)

Visual �eld 13 (13.5%)

Tumor Primary Lung 43 (44.8%)

Melanoma 18 (18.8%)

Renal 10 (10.4%)

Other 25 (26.0%)

Location Frontal 44 (45.8%)

Parietal 21 (21.9%)

Temporal 11 (11.5%)

Occipital 14 (14.6%)

Other 6 (6.3%)

Steroid naïve? Yes 88 (91.7%)

No 8

Cumulative Dose (mg) Mean 43.85

Duration of dosing (hours) Mean 64.56

Dose regimen > 16 mg / day 4 (4.2%)

Bolus + 16 mg / day 14 (14.6%)

16 mg / day 59 (61.5%)

< 16 mg / day 17 (17.7%)
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Characteristic Value

Other 2 (2.1%)

Improved prior to surgery Yes 37 (38.5%)

No 59

Improved at follow-up Yes 79 (82.3%)

No 17

Follow-up (days) Median 28
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Table 2
Comparison of clinical characteristics between steroid responders and non-responders.

Characteristic Non-Responders (n = 
59)

Responders (n = 
37)

p
Value

Age (mean; years) 63.41 63.14 0.92

Gender Male 28 23 0.16

Female 31 14  

De�cit category Motor 34 30 *0.02

Language 13 6  

Visual �eld 12 1  

Tumor Primary Lung 26 17 0.86

Melanoma 10 8  

Renal 6 4  

Other 17 8  

Steroid naïve? Yes 53 35 0.41

No 6 2  

Cumulative dose (mg) Mean 43.85 40.76 0.65

Duration of dosing
(hours)

Mean 64.56 64.41 0.99

Dose regimen > 16 mg / day 4 0 0.59

Bolus + 16 mg /
day

9 5  

16 mg / day 35 24  

< 16 mg / day 10 7  

Other 1 1  

Improved at follow-up Yes 42 37 *
<0.001

No 17 0  

Size (cm) Mean 3.87 3.48 0.18

Extent of resection Subtotal 13 11 0.55

Gross total 30 19  
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Characteristic Non-Responders (n = 
59)

Responders (n = 
37)

p
Value

Unknown 16 7  

Recurrent tumor? No 56 34 0.55

Yes 3 3  

Hemorrhagic tumor? No 37 25 0.63

Yes 22 12  

Multiple lesions? No 29 18 0.96

Yes 30 19  

Multiple lesions
resected?

No 54 31 0.18

Yes 5 4  

Unknown 0 2  

Unresected lesions? No 31 21 0.69

Yes 28 16  

Figures
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Figure 1

The number of steroid non-responders and responders who showed durable improvement (blue) or no
improvement (red, cross-hatch) at follow-up overall and by de�cit domain.
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Figure 2

The relationship of dexamethasone dosage to steroid response. A) Box and whisker plots demonstrate
similar distributions of cumulative steroid dosage between responders (middle; blue) and non-responders
(right; red) (average 40.76 mg vs 43.85 mg, respectively; p = 0.65). Responders (left; green) demonstrated
improvement after an average of 17.33 mg (range 4 – 34 mg). B) Binning cumulative dose by decile
showed no signi�cant effect of increasing dexamethasone dosage on likelihood of response (p = 0.43; R2
= 0.08).

Figure 3

The effect of dexamethasone duration on response to steroids. A) Box and whisker plots demonstrate
similar distributions of steroid administration duration between responders (middle; blue) and non-
responders (right; red) (average 64.41 vs 64.56 hours, respectively; p = 0.99). Responders (left; green)
demonstrated improvement after an average of 23.94 hours (range 6 – 48 hours). B) Binning duration of
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administration by decile showed no signi�cant effect of increasing duration of therapy on likelihood of
response (p = 0.99; R2 <0.01).


