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Objective: Patients presenting with neurological deficit secondary to metastatic epidural spi-
nal cord compression (MESCC) are often treated with surgery in combination with high-dose 
corticosteroids. Despite steroids being commonly used, the evidence regarding the effect of 
corticosteroids on patient outcomes is limited. The objective of this study was to describe 
the effect of corticosteroid use on preoperative neurological function in patients with MESCC.
Methods: Patients who underwent surgery between August 2013 and February 2017 for the 
treatment of spinal metastases and received steroids to prevent neurologic deficits were in-
cluded. Data regarding demographics, diagnosis, treatment, neurological function, adverse 
events, health-related quality of life, and survival were extracted from an international mul-
ticenter prospective cohort.
Results: A total of 30 patients treated surgically and receiving steroids at baseline were iden-
tified. Patients had a mean age of 58.2 years (standard deviation, 11.2 years) at time of sur-
gery. Preoperatively, 50% of the patients experienced deterioration of neurological func-
tion, while in 30% neurological function was stable and 20% improved in neurological 
function. Lengthier steroid use did not correlate with improved or stabilized neurological 
function. Postoperative adverse events were observed in 18 patients (60%). Patients that 
stabilized or improved neurologically after steroid use showed a trend towards improved 
survival at 3- and 24-month postsurgery.
Conclusion: This study described the effect of steroids on preoperative neurological func-
tion in patients with MESCC. Stabilization or improvement of preoperative neurological 
function occurred in 50% of the patients.
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INTRODUCTION

Spinal metastases may result in neurological deficits due to 
metastatic epidural spinal cord compression (MESCC). The ev-
idence-based treatment for patients with MESCC with neuro-
logical deficit is urgent surgical decompression and stabilization 
of the affected spinal level.1-3 Prior to surgery, it is generally rec-
ommended to administer high doses of corticosteroids to any 
patient with (suspected) MESCC to prevent (further) neuro-
logical deterioration while the patient is awaiting surgery, and 
during surgery.4

Animal studies have demonstrated that steroids decrease ede-
ma and inflammation around the spinal cord by decreasing the 
water content of the cord at the level of the tumor.5,6 This in turn 
is thought to decrease spinal cord compression and thereby sta-
bilize or reverse neurological deficits until definitive treatment 
with surgery. Previous in vivo studies investigated the effect of 
steroids in patients with MESCC who underwent radiotherapy.7 
These studies demonstrated inconclusive results regarding the 
effects of steroids on ambulation and pain, interpretation of the 
results was furthermore compromised by the short time inter-
val between the administration of steroids and the start of ra-
diotherapy.7 However, high doses of corticosteroids are demon-
strated to be associated with an increased risk of serious adverse 
events.7,8 Despite the recommendation for the use of steroids in 
patients with MESCC, the clinical evidence is still limited.4,9

The purpose of this study was to describe the effect of corti-
costeroids on preoperative neurological function in patients with 
(symptomatic) MESCC who underwent surgical intervention.

MATERIALS AND METHODS

1. Design
This study was part of an international multicenter prospec-

tive cohort study including patients with spinal metastases re-
quiring surgery and/or radiotherapy was conducted (EPOSO, 
Clinical trials.gov identifier: NCT01825161). Patients between 
18 and 75 years of age who underwent treatment of spinal me-
tastases were eligible for inclusion in the observational study. 
For this analysis, patients were included if they underwent sur-
gery between August 2013 and February 2017 for the treatment 
of spinal metastases, received steroids for (prevention of) neu-
rological deterioration in case of MESCC, and reached at least 
3 months of follow-up or dropped out/died before this time 
point. Patients with a primary spinal nervous system tumor, 
primary spinal bone tumor, and patients who received steroids 

for an indication other than neurological deficits (e.g., part of 
systemic therapy) were excluded from the analysis. The ethics 
board of each participating spine center approved the research 
protocol.

2. Intervention
Administration of steroids was based on discretion of the treat-

ing surgeon. In all cases, the corticosteroid used was Decadron 

Table 1. Patient characteristics (n = 30)

Characteristic Value

Sex

   Female 14 (46.7)

   Male 16 (53.3)

Age at surgery (yr) 58.2 ± 11.2

Site of the primary cancer

   Breast 6 (20.0)

   Lung 4 (13.3)

   Prostate 4 (13.3)

   Renal cell 7 (23.3)

   Myeloma 1 (3.3)

   Other 8 (26.7)

Spinal metastases in cervical spine

   No 28 (93.3)

   Yes 2 (6.7)

Spinal metastases in thoracic spine

   No 3 (10.0)

   Yes 27 (90.0)

Spinal metastases in lumbar spine

   No 20 (66.7)

   Yes 10 (33.3)

Spinal metastases in sacrum

   No 25 (83.3)

   Yes 5 (16.7)

Visceral metastases

   No 22 (73.3)

   Yes 8 (26.7)

ASIA Impairment Scale

   A 1 (3.3)

   B 1 (3.3)

   C 1 (3.3)

   D 18 (60.0)

   E 9 (30.0)

Values are presented as number (%) or mean ± standard deviation.
ASIA, American Spinal Injury Association. 
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(dexamethasone), either administered orally or intravenously. 
Usually, a loading dose of 10 mg, followed by 2 to 4 mg every 6 
hours was prescribed. Surgery was carried out by fellowship-
trained orthopaedic or neurosurgical spine surgeons.

3. Patient Outcomes
Data regarding demographics, diagnosis, treatment, neuro-

logical function, adverse events, and quality of life was prospec-
tively collected. Steroid use, the effect, and duration of effect on 
neurological function were also prospectively recorded. Neuro-
logical function was measured using the American Spinal Inju-
ry Association (ASIA) scale.10 Quality of life was evaluated at 
baseline, 6, 12, and 26 weeks or until death using the Spine On-
cology Study Group Outcomes Questionnaire (SOSGOQ2.0),11 
EuroQol 5 dimensions (EQ-5D [3L]), and the Numerical Rat-
ing Scale (NRS) pain score. Governmental databases were ac-
cessed to retrieve information regarding survival. Data was stored 
in a secure web-based application (REDCap, Vanderbilt Uni-
versity, Nashville, TN, USA).

4. Statistical Analysis
Standard descriptive statistics were used to present demogra-

phic data. A mixed-effect model was used to test for differences 
in clinical outcomes over time. Kaplan-Meier survival curves 
were drawn with patients who did not reach the 3-month fol-
low-up time point censored. All statistical analyses were per-

formed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). The 
significance level was set at p< 0.05.

RESULTS

A total of 101 patients receiving steroids at baseline were iden-
tified. Of these 101 patients, only 30 patients were treated surgi-
cally and received steroids for preservation or prevention of de-
terioration of neurological function and were included in the 
final analysis. Four of these 30 patients received adjuvant radio-
therapy.

The patients included in the final analysis had a mean age of 
58.2 years (standard deviation, 11.2 years) at the time of surgery 
and included 14 females (46.7%) and 16 males (53.3%). The 
most common primary tumor was renal cell followed by breast 
cancer. Nine patients had a solitary spinal metastasis; in 9 pa-
tients, 2 vertebral levels were affected by spinal metastases and 
in the remaining 12, more than 2 levels were affected. The ma-
jority of patients had metastases in the thoracic spine (90%) 
followed by metastases in the lumbar spine (33%). The most 
common ASIA score at baseline was D in 18 patients (60%) fol-
lowed by E in 9 patients (30%), and 1 patient in each of the 
ASIA A, B, and C categories (Table 1).

A posterior surgical approach was used in 29 patients with 
the anterior approach being used in only 1 patient. A median of 
5 (interquartile range [IQR], 4–6) vertebral levels were bridged 

Table 2. Details regarding steroid use and effect of steroid use on preoperative neurological function (n = 30)

Characteristic No. (%)

Steroid use for spinal metastases? (n = 30)

   Less than 1 day 2 (6.7)

   1–7 Days 17 (56.7)

   8–14 Days 9 (30.0)

   15–28 Days 1 (3.3)

   29 or more days 1 (3.3)

If yes, what was effect on preoperative neurologic function? (n = 30)

   None (neurologic function continued to deteriorate) 15 (50.0)

   Stabilized 9 (30.0)

   Improved 6 (20.0)

If the steroids stabilized or improved neurologic function, how long did the effect last? (n = 15)

   Less than 12 hours 1 (6.7)

   12–24 Hours 5 (33.3)

   25–48 Hours 1 (6.7)

   49–72 Hours 3 (20.0)

   More than 72 hours 5 (33.3)
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with a median operating time of 268 minutes (IQR, 220–351 
minutes).

Most of the patients were treated with steroids for 1 to 7 days 
(56.7%) before surgery, whereas 30% were treated for 8 to 14 
days. In half of the patients, neurological function continued to 
deteriorate whereas in 30% of the patients neurological func-
tion stabilized, and in 20%, neurological function improved be-
fore surgery (Table 2). The effect on neurological function last-
ed more than 48 hours in 53% of the patients that showed im-

provement or stabilization of neurological status. In 40% of the 
patients, the effect lasted between 12 and 48 hours, and in 1 pa-
tient (7%), the effect lasted less than 12 hours. The duration of 
steroid use did not correlate with the effect on neurological func-
tion. Table 3 displays the ASIA impairment scales over time.

1. Adverse Events
Three patients experienced intraoperative adverse events (2 

dural tears and new-onset atrial fibrillation). In addition, 44 
postoperative adverse events were observed in 18 patients (60%; 
95% CI, 41%–70%). The most common postoperative adverse 
events were medical adverse events (including electrolyte im-
balances and anemia) followed by excessive pain, neurological 
deterioration, and urinary tract infection (Table 4).

2. Health-Related Quality of Life & Survival
Compared to baseline, the mean NRS pain scores reduced by 

3.2 points (95% CI, -4.7 to -1.7; p< 0.001) at 6-week postsur-
gery and sustained over time. The EQ-5D (3L) score showed 
significant improvements up to 12-week postsurgery (+0.28; 

Table 3. ASIA impairment scale over time

Characteristic Baseline 
(n = 30)

6 Weeks 
postopera-
tive (n = 27)

3 Months 
postopera-
tive (n = 27)

6 Months 
postopera-
tive (n = 21)

A SIA Impair-
ment Scale

30 20* 17* 14*

      A 1 (3.3) 1 (5.0) 0 (0) 0 (0)

      B 1 (3.3) 1 (5.0) 0 (0) 0 (0)

      C 1 (3.3) 0 (0) 0 (0) 0 (0)

      D 18 (60.0) 6 (30.0) 5 (29.4) 3 (21.4)

      E 9 (30.0) 12 (60.0) 12 (70.6) 11 (78.6)

Values are presented as number (%).
ASIA, American Spinal Injury Association.
*Discrepancies due to missing data regarding ASIA scores.

Table 4. Summary of adverse events

Adverse event No. of events

Any intraoperative event 3

   Dural tear 2

   Atrial fibrillation 1

Any postoperative event 44

   Airway/breathing 1

   Cardiac arrest/failure/arrhythmia 2

   Ileus/bowel obstruction 3

   Neurologic deterioration 4

   Pain 4

   Systemic infection 3

   Thromboembolic event 2

   Urinary retention 3

   Urinary tract infection 4

   Wound dehiscence 3

   Wound drainage 4

   Deep wound infection 1

   Other* 10

*Including anemia, hematoma, electrolyte imbalances, pressure sore.

Table 5. Mixed effect models derived estimates of the differ-
ences in mean scores of health-related quality of life outcomes 
from baseline to 26 weeks postoperative

Variable No. Mean  
(95% CI)

Change  
(95% CI)

Adjusted 
p-value†

Pain NRS 

   Baseline 26 6.7 (5.7–7.7)

   6 Weeks 24 3.5 (2.6–4.3) -3.2 (-4.7 to -1.7) < 0.001

   12 Weeks 20 3.0 (2.3–3.7) -3.7 (-5.3 to -2.1) < 0.001

   26 Weeks 15 3.0 (1.7–4.2) -3.7 (-5.9 to -1.6) < 0.001

EQ-5D (3L) 

   Baseline 25 0.39 (0.28–0.50)

   6 Weeks 23 0.54 (0.44–0.64) 0.15 (0.01–0.29) 0.028

   12 Weeks 19 0.67 (0.59–0.75) 0.28 (0.10–0.46) 0.002

   26 Weeks 14 0.61 (0.48–0.74) 0.22 (0.01–0.43) 0.042

SOSGOQ2.0 

   Baseline 24 48.1 (40.6–55.7)

   6 Weeks 23 58.6 (52.1–65.2) 10.5 (-0.1 to 21.1) 0.052

   12 Weeks 19 66.4 (59.5–73.2) 18.2 (5.9–30.5) 0.003

   26 Weeks 14 70.3 (60.9–79.7) 22.2 (5.5–38.9) 0.007

HRQoL, health-related quality of life; CI, confidence interval; NRS, 
Numerical Rating Scale; EQ-5D, EuroQol 5 dimensions; SOS-
GOQ2.0; Spine Oncology Study Group Outcomes Questionnaire.
†Adjusted p-value by Tukey-Kramer for comparison of change to 
baseline value per treatment group.
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95% CI, 0.10–0.46; p= 0.002) with a slight decline at 26-week 
posttreatment (+0.22; 95% CI, 0.01–0.43; p = 0.042). Patients 
demonstrated significant improvements in the SOSGOQ2.0 at 
12-week postsurgery (+18.2; 95% CI, 5.9–30.3; p= 0.003) com-
pared to baseline (Table 5).

Patients who stabilized or improved in neurological function 
after steroid use showed a trend for improved survival within 
the first 3-month posttreatment compared to patients who con-
tinued to deteriorate in neurological function. A similar trend 
was seen in survival during the 2-year posttreatment (Fig. 1).

DISCUSSION

Steroids are generally administered to patients with MESCC 
to preserve or maintain neurological function, often to create 
time to prepare for surgical intervention. Patchell et al.3 showed 
that surgery for patients with MESCC is beneficial but the evi-
dence to support the use of corticosteroids is however limited.8,9 
In our study population, 50% of the patients who received ste-
roids for MESCC continued to deteriorate in neurological 
function, in 30% of the patients’ neurological function stabilized, 
and in 20% of the patients, neurological function improved. Ad-
ditionally, 18 patients (60%) experienced at least 1 postopera-
tive adverse event.

Only a few clinical studies have been conducted to investigate 
the effect of corticosteroids in patients with MESCC.7 These 

studies were conducted in the 1980’s and beginning of the 1990’s 
when patients with MESCC were treated with radiotherapy in-
stead of surgical decompression and stabilization, which is now-
adays the evidence-based treatment algorithm. These studies 
demonstrated inconclusive results regarding ambulation and 
pain. Greenberg et al.12 demonstrated regain of ambulatory func-
tion in 28% of their patients, and Sørensen et al.13 preservation 
or restoration of ambulation in 81% of patients treated with cor-
ticosteroids compared to 63% patients who did not receive cor-
ticosteroids. Yet, studies conducted by Heimdal et al.8 and Vecht 
et al.14 did not demonstrate a significant effect of steroids on 
ambulatory function. Furthermore, interpretation of the results 
of these studies is compromised by the fact that radiotherapy 
treatment was started soon after the administration of steroids.

In our study, patients who experienced continued neurologi-
cal deterioration after the administration of steroids showed a 
trend of impaired survival at 3-months and 2-year posttreat-
ment compared to patients who demonstrated stabilization or 
improvement of neurological function. In fact, 100% of patients 
that stabilized or had neurological improvement were still alive 
at 3-month posttreatment compared to 80% for those who showed 
deterioration. Although no definitive conclusions can be drawn 
from this observational data, these results are promising for pa-
tients that show improvement or stabilization of preoperative 
neurological status after steroid therapy. Whether this improved 
survival is related to improved neurological function or simply 

Fig. 1. Kaplan-Meier plot for 2-year mortality postoperative per effect on neurological deterioration.
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a predictive characteristic of favourable outcome is unclear and 
warrants further investigation.

Despite the widespread use of corticosteroids for patients with 
MESCC, consensus regarding the optimal regimen is still un-
clear.8,13-15 Many different regimens have been proposed and used 
in the literature with varying results. Kumar et al.15 conducted a 
systematic review on this topic and only found a limited num-
ber of studies. Based on the paucity of data, they recommended 
an initial 10 mg intravenous bolus of dexamethasone followed 
by 16 mg taken orally daily, as this was associated with a de-
creased adverse event rate compared to higher dose regimes.15 
L’Espérance et al.16 recommended no loading dose and 16 mg 
of dexamethasone per day as soon as cord compression is diag-
nosed or suspected. This was also based on the high rate of ad-
verse events observed after high-dose corticosteroids. In our 
observational study, the dexamethasone regimen was not stan-
dardized, inherent to the observational study design, but the 16 
mg per day dosage was given most often.

Some of the most common side effects of corticosteroids used 
in neurooncological patients include diabetes, myopathy, osteo-
porosis, gastritis, Cushing syndrome, thromboembolic events, 
immunosuppression, and psychiatric disorders.17 Moreover, 
corticosteroids are known to increase the risk of infection and 
can have a negative effect on wound healing. Despite these draw-
backs, corticosteroids are commonly used in the treatment of 
neuro-oncological patients including patients with spinal me-
tastases and neurological deterioration.4,15 Heimdal et al.8 showed 
that increased side effects were present in patients who received 
higher doses of corticosteroids. In our cohort, 18 patients (60%) 
had postoperative complications including systemic infection, 
wound infection, urinary tract infection, thromboembolism, 
and wound dehiscence that may be related to the surgical pro-
cedure and/or corticosteroids use. Although the rate of adverse 
events in our cohort of patients receiving corticosteroids was high, 
no significant difference in the incidence of adverse events could 
be determined when compared to patients not receiving corti-
costeroids within the complete population of our observational 
study. Yet, this could be attributed to the limited number of pa-
tients included in this study resulting in statistical constraints.

The major limitation in this paper is the lack of a control group 
in which steroids have not been administered. Thus, no direct 
comparison can be made in for the use of steroids in patients 
with spinal metastasis undergoing surgical intervention. Anoth-
er limitation is that it was not possible to delineate the time from 
steroid prescription to surgery; specifically, we were not able to 
extract the timing from initiation of steroids to surgical inter-

vention. Aside from resulting in statistical limitations the num-
ber of patients also resulted in a limited range of neurological 
impairments. The observational study nature resulted in the 
lack of a standardized steroid regimen for all patients, which 
can confound the results. In addition, we were unable to differ-
entiate between the mechanism of cord compression, epidural 
tumor compression versus bony compression, due to lack of ra-
diological review of the observational data. Steroids may have a 
different effect on neurological improvement depending on the 
type of compression. Moreover, the location of compression in 
the spine was not studied and may play a role in the different 
neurological outcomes of the study, although most of the me-
tastases were limited to the thoracic spine.

Despite these limitations, this is the first study to explore and 
report on the effect of steroids in a surgical cohort of metastatic 
spine tumor patients. Despite lack of statistically significant, 
50% of patients continued to deteriorate when given steroids; 
this is in line with the inconclusive results of previous studies 
regarding the effect of steroids on pretreatment physical func-
tion yet with a high incidence of adverse events. This study un-
derscores the importance of future studies to investigate the ef-
fect steroids on pretreatment ambulation and adverse events 
including evaluation of the effect of type of spinal cord com-
pression and tumor histology.

CONCLUSION

This is the first study to explore the effect of steroids on neu-
rological function in patients with metastatic disease of the spine 
requiring surgical intervention. Our results demonstrated that 
50% of the patients experienced continued deterioration of neu-
rological function, while 30% stabilized in neurological function, 
and 20% improved. Corticosteroids use was associated with a 
high incidence (60%) of postoperative adverse events. Patients 
who experienced improved or stabilization of neurological func-
tion demonstrated a trend towards better survivorship. The re-
sults of this study underscore the knowledge gap of the effect of 
steroids on pretreatment neurological function and the need 
for future studies in this field.
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