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Background: Despite the widespread use of intraoperative steroids in various
neurological surgeries to reduce cerebral edema and other adverse symptoms,
there is sparse evidence in the literature for the optimal and safe usage of
intraoperative steroid administration in patients undergoing craniotomy for brain
tumors. We aimed to investigate the effects of intraoperative steroid administration
on postoperative 30-day mortality in patients undergoing craniotomy for brain
tumors.

Methods: Adult patients who underwent craniotomy for brain tumors between
January 2011 to January 2020 were included at West China Hospital, Sichuan
University in this retrospective cohort study. Stratified analysis based on the type
of brain tumor was conducted to explore the potential interaction.

Results: This study included 8,663 patients undergoing craniotomy for brain
tumors. In patients with benign brain tumors, intraoperative administration of
steroids was associated with a higher risk of postoperative 30-day mortality
(adjusted OR 1.98, 95% Cl 1.09-3.57). However, in patients with malignant
brain tumors, no significant association was found between intraoperative
steroid administration and postoperative 30-day mortality (adjusted OR 0.86,
95% Cl 0.55-1.35). Additionally, administration of intraoperative steroids was
not associated with acute kidney injury (adjusted OR 1.11, 95% Cl 0.71-1.73),
pneumonia (adjusted OR 0.89, 95% CI 0.74-1.07), surgical site infection (adjusted
OR 0.78, 95% CI 0.50-1.22) within 30days, and stress hyperglycemia (adjusted OR
1.05, 95% CI 0.81-1.38) within 24h after craniotomy for brain tumor.

Conclusion: In patients undergoing craniotomy for benign brain tumors,
intraoperative steroids were associated with 30-day mortality, but this association
was not significant in patients with malignant brain tumors.
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Introduction

Multiple guidelines recommend the use of steroid administration
to provide temporary relief of symptoms related to cerebral edema
secondary to the mass effect of brain tumors (1-3). Although the
benefit of steroids for this indication is well-established, it also has
some serious side effects, including immunosuppression,
hyperglycemia, insulin resistance, and poor wound healing (4, 5).

Despite their widespread use during the intraoperative period of
neurological surgeries, (6, 7) there is sparse evidence in the literature
for the optimal and safe usage of intraoperative steroid administration
in patients undergoing craniotomy. Given these serious side effects,
there is a requirement to balance the benefit of steroid administration
in relieving cerebral edema with the postoperative mortality resulting
from steroid-related complications. Due to the immunosuppression
of steroids, (8) the association between intraoperative steroid
administration and postoperative mortality may be modified by
different types of brain tumors.

To fulfill this research gap, we aimed to assess the effects of
intraoperative steroid administration on the short-term mortality of
patients undergoing craniotomy. Due to its immunosuppression, our
study further explored the differences between intraoperative steroid

administration and different types of brain tumors.

Methods
Study design and data source

We performed an observational and retrospective cohort study
approved by the committee of West China Hospital with a waiver of
informed consent. A total of 8,663 consecutive electronic health
records of patients undergoing craniotomy for brain tumors from
West China Hospital, Sichuan University, were collected between
January 2011 to January 2020.

Patient selection

Patients undergoing craniotomy for brain tumors were identified
based on the International Classification of Disease, 10th Revision
(ICD-10), and procedural codes. We excluded the following patients:
(1) age < 18years old; (2) undergoing craniotomy for pituitary tumor;
(3) repeated craniotomy or bur hole procedures; (4) unavailable data
of intraoperative electronic anesthesia record; (5) undergoing urgent
or emergent surgery; (6) patients whose personal identification
number was not found in the electronic health record.

Baseline characteristics
Preoperative baseline characteristics of patients, including age,

gender, cigarette-smoking status (nonsmoker, current smoker,
former), alcohol consumption, past medical history (hypertension,
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diabetes, chronic liver disease, coronary heart disease), and laboratory
values (white blood cell counts, blood glucose, total cholesterol,
lymphocyte counts, albumin, and hematocrit) were collected.
Additional pertinent data on systolic blood pressure, the Charlson
Comorbidity Index (CCI), type of brain tumor, histopathology of
brain tumor, brain tumor location, brain tumor size, preoperative
Karnofsky Performance Status (KPS) score, preoperative steroid use,
intraoperative surgery time, intraoperative blood loss, grade of
resection, and postoperative mannitol were also recorded.

Covariate assessment

The primary exposure variable was defined as the intraoperative
single-dose administration of various steroids, as indicated in the
electronic anesthesia record. Intraoperative steroid administration was
compared to no steroid administration. After steroid doses were
uniformly converted to dexamethasone, the administered steroid
doses were dichotomized into low and high based on the median
steroid dose (15mg dexamethasone) as the cutoff in our study. The
dosage of intraoperative steroids was determined based on the severity
of the symptoms according to the guideline (1). Additionally, in our
hospital, patients who use intraoperative steroids routinely continue
to use steroids after craniotomy, and then gradually reduce the dose.
The diagnosis of the tumor was identified by the diagnostic text or
International Classification of Diseases, 10th revision (ICD-10) codes:
Benign (D32-D35, D42-44) or malignant (C70, C71, C75.1-C75.3).

Outcomes

The primary outcome was 30 days mortality after craniotomy. The
secondary outcomes were major postoperative complications
including acute kidney injury, pneumonia, surgical site infection
within 30days, and hyperglycemia (> 10.0mmol/L) within 24h
after craniotomy.

Mortality data were acquired from the Household Registration
Administration System, also called The Chinese Hukou System. This
system is based on governmental statistics management, which uses
special personal identification numbers as retrieval keys to find
pertinent personal data. When a citizen dies in China, the law
mandates the head of household, relatives, dependents, or neighbors
to legally notify the death data to the household registration authorities
within 1 month (9, 10). In 2021, this system has been updated with
data from the Seventh National Census. The National Bureau of
Statistics reported that the missing registration rate of the seventh
national census was 0.05% (11). Thus, recorded death data in this
system were accurate and complete.

Statistical analysis

Continuous variables were provided as mean * standard deviation
(SD) and categorical variables were summarized using frequencies (%)
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to describe the distributions of the study population’s demographic
and surgical-related data. As appropriate, the comparison of
differences between groups was analyzed using the one-way analysis
of variance (ANOVA) or the Chi-square test. Multiple imputations
were conducted to replace missing values.

Outcomes were assessed by logistic regression models with an
adjustment for age, gender, cigarette-smoking status, alcohol
consumption, hypertension, diabetes, chronic liver disease, coronary
heart disease, CCI, type of brain tumor, brain tumor location, brain
tumor size, systolic blood pressure, preoperative KPS score,
preoperative steroid use, intraoperative surgery time, intraoperative
blood loss, grade of resection, and postoperative mannitol. Variables
with p <0.10 were implemented into a backward stepwise multivariable
logistic regression model to explore the association between steroid
administration and outcomes. Multicollinearity was evaluated by
computing the variance inflation factor (VIF) for all variables, and
when VIF was higher than 5, there was significant multicollinearity
that needed to be corrected. The propensity scores matching (12, 13)
was performed as the sensitivity analysis with a matching ratio
(Steroids: No Steroids) of 1:1 and a caliper distance of 0.2.

We performed subgroup analyses by dividing patients into groups
of those who received steroids and those who did not to investigate if
there were any variations in the association according to different
baseline variables.

R statistical software (version 4.2.1; Foundation for Statistical
Computing) was used to perform all statistical analyses. Bonferroni
p<0.01 were considered statistically significant for the subgroup
analyses. In other analyses, statistical significance was set as a 2-tailed
value of p less than 0.05.

Results
Baseline characteristics

Baseline characteristics for the 8,663 patients who met the
inclusion criteria (Supplementary Figure S1) of this study are
displayed in Table 1. A total of 6,307 (72.8%) patients received
intraoperative steroids, and patients presenting with malignant brain
tumors were more prone to receive steroids (steroid use accounted for
67.6% of all patients with benign brain tumors and 80.7% for all
patients with malignant brain tumors).

Primary analysis

As shown in Figure 1, a total of 199 (2.3%) patients died within
30days of their craniotomy, of whom 159 received intraoperative
steroids, and 40 did not. In the multivariable logistic regression
analysis, for all patients with benign or malignant brain tumors, the
univariate logistic analysis showed that patients who received
intraoperative steroids had higher odds of 30-day postoperative
mortality (OR 1.50, 95% CI 1.06-2.12). However, after adjusting for
CHD, CCI score, type of brain tumor, location of brain tumor,
preoperative KPS score, intraoperative surgery time, intraoperative
blood loss, and postoperative mannitol, this association was not
significant (adjusted OR 1.05, 95% CI 0.73-1.53). The details of the
regression model were presented in Supplementary Table S1. No

Frontiers in Neurology

10.3389/fneur.2023.1153392

obvious multicollinearity was detected in the regression model of our
study (all VIFs <5).

Furthermore, the intraoperative administration of steroids in
patients with benign brain tumors was associated with a higher risk of
postoperative 30-day mortality (adjusted OR 1.98, 95% CI 1.09-3.57).
However, in patients with malignant brain tumors, no significant
association was found between intraoperative steroid administration
and postoperative 30-day mortality (adjusted OR 0.86, 95% CI
0.55-1.35).

Sensitivity analyses

For sensitivity analyses, we further applied a propensity score-
matched (1:1) analysis to validate our obtained results (Figure 1).
Baseline characteristics of propensity score-matched samples were
displayed in Supplementary Table S2. Consistent with the primary
analysis, the intraoperative administration of steroids in patients with
benign brain tumors was associated with higher odds of postoperative
30-day (matched OR 2.10, 95% CI 1.08-4.08). Likewise, in patients
with malignant brain tumors, there was no statistical difference
between intraoperative steroids administration and postoperative
30-day mortality (matched OR 0.95, 95% CI 0.53-1.73).

Postoperative complications

The results of other postoperative complications were shown in
Figure 2. Administration of intraoperative steroids was not associated
with acute kidney injury (adjusted OR 1.11, 95% CI 0.71-1.73),
pneumonia (adjusted OR 0.89, 95% CI 0.74-1.07), surgical site
infection (adjusted OR 0.78, 95% CI 0.50-1.22) within 30 days, and
stress hyperglycemia (adjusted OR 1.05, 95% CI 0.81-1.38) within
24h after craniotomy for brain tumor.

Subgroup analyses and stratified analyses
by steroids dose/types

We conducted subgroup analyses and further explored

interactions between different variables and intraoperative
administration of steroids regarding the outcome of postoperative
30-day mortality in Supplementary Figure S2. There were no
significant interactions in this study.

After adjustment for confounders, among patients with malignant
brain tumors, a higher (>15mg dexamethasone) steroid dose was
associated with lower 30-day postoperative mortality after craniotomy
(adjusted OR 0.51, 95% CI 0.28-0.94, Figure 3), but this association
was not found among patients with benign brain tumors (adjusted OR
0.47, 95% CI 0.21-1.04), compared with those who did not receive
intraoperative steroids. Additionally, based on the cutoff dose of 10 mg
these

(Supplementary Table S3).

dexamethasone, associations  were  still  found

Compared with patients who did not receive intraoperative
steroids, those with benign brain tumors who received hydrocortisone
were significantly associated with postoperative 30-day mortality
(adjusted OR 5.83, 95% CI 2.34-14.52, Figure 3), but not for patients

who received methylprednisolone (adjusted OR 1.63, 95% CI
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TABLE 1 Baseline characteristics of study population.

Characteristics

No Steroids (n=2,356)

Steroids* (n=6,307)

10.3389/fneur.2023.1153392

Age (>65), n (%) 325(13.8) 773 (12.3) 0.06

Female, n (%) 1,446 (61.4) 3,514 (55.7) <0.001

Cigarette-smoking status, 7 (%) <0.001

Nonsmoker 1937 (82.2) 4,792 (76.0)

Current smoker 230 (9.8) 843 (13.4)

Former 189 (8.0) 672 (10.7)

Alcohol consumption, 1 (%) 358 (15.2) 1,223 (19.4) <0.001

Medical history, n (%)

Hypertension 377 (16.0) 904 (14.3) 0.06

Diabetes 165 (7.0) 371 (5.9) 0.06

Chronic liver disease 112 (4.8) 288 (4.6) 0.76

Coronary heart disease 29 (1.2) 52(0.8) 0.10

CClI score, 1 (%) <0.001

0 1,472 (62.5) 3,109 (49.3)

>1 884 (37.5) 3,198 (50.7)

Type of brain tumor, n (%) <0.001

Benign 1,696 (72.0) 3,539 (56.1)

Malignant 660 (28.0) 2,768 (43.9)

Histopathology, n (%) <0.001

Schwannoma 235 (10.0) 431 (6.8)

Meningioma 1,016 (43.1) 2,174 (34.5)

Craniopharyngioma 22 (0.9) 45 (0.7)

Glioma WHO grades I-1T 446 (18.9) 1,119 (17.7)

Glioma WHO grades ITI-1V 427 (18.1) 1927 (30.6)

Metastasis 127 (5.4) 437 (6.9)

Other 83 (3.5) 174 (2.8)

Brain tumor location, # (%) <0.001

basal ganglia 1(0.0) 8(0.1)

Brainstem 37(1.6) 176 (2.8)

Cerebellum 150 (6.4) 326 (5.2)

Convexity 1,257 (53.4) 3,881 (61.5)

Skull base 815 (34.6) 1,560 (24.7)

Ventricle 78 (3.3) 335 (5.3)

Other 18 (0.8) 21(0.3)

Brain tumor size, mean (SD), cm?® 22.6 (35.8) 27.5(39.7) <0.001

Preoperative SBP, mmHg, mean (SD) 125.8 (16.3) 124.6 (16.2) 0.01

Preoperative laboratory, mean (SD)

WBC counts, 10°/L 11.0 (4.5) 12.2 (5.0) <0.001

Blood glucose, mmol/L 6.4 (2.0) 6.6 (2.2) 0.01

Lymphocyte counts, 10°/L 1.2 (0.6) 1.3(0.8) 0.04

Albumin, g/L 37.3 (4.9) 37.7 (4.9) 0.01

Hematocrit 0.4 (0.1) 0.4 (0.1) <0.001

Preoperative KPS score, n (%) <0.001

0-50 229 (9.7) 1,096 (17.4)

(Continued)
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TABLE 1 (Continued)

Characteristics

No Steroids (n=2,356)

10.3389/fneur.2023.1153392

Steroids* (n=6,307)

51-80 1,306 (55.4) 2,692 (42.7)

81-100 821 (34.8) 2,518 (39.9)

Preoperative steroid use, 1 (%) 1884 (80.0) 5,915 (93.8) <0.001
Intraoperative, mean (SD)

Surgery time, hours 3.89 (1.95) 4.01 (1.83) 0.01
Blood loss, ml 327.7 (475.5) 338.0 (492.0) 0.40
Grade of resection, 1 (%)

Gross total resection 1748 (74.2) 4,277 (67.8) <0.001
Subtotal resection 608 (25.8) 2030 (32.2)

Postoperative mannitol, ml, mean (SD) 387.0 (455.1) 663.0 (444.9) <0.001

*Intraoperative; CCI, Charlson comorbidity index; SBP, Systolic blood pressure; SD, standard deviation; KPS, Karnofsky Performance Status; WBC, White blood cell; WHO, World health
organization.
Number of miss value (%): KPS 1 (0.0).

A Multivariable logistic regression analysis

Outcomes No Steroids  Steroids* Unadjusted OR (95% CI) Adjusted OR (95% CI) P
Al patients 40/2356(1.7%) 159/6307(2.5%) 1.50(1.06-2.12) 1.05(0.73-1.53) |—h—4 0.78
Benign brain tumor  14/1696(0.8%) 60/3539(1.7%) 2.07(1.15-3.72) 1.98(1.09-3.57) —l— 0.04
Malignant brain tumor  26/660(3.9%) 99/2768(3.6%) 0.90(0.58-1.41) 0.86(0.55-1.35) —— 0.15

0.50 10 20

B Propensity score-matched analysis

Outcomes No Steroids  Steroids* Unadjusted OR (Cl 95%) matched OR (Cl 95%) P
Al patients 4212337 (1.8%) 54/2337 (2.3%) 1.50(1.06-2.12) 1.08(0.69-1.70) 0.73
Benign brain tumors  16/1683 (1.0%) 33/1681 (2.0%) 2.07(1.15-3.72) 2.10(1.08-4.08) —— o003
Malignant brain tumors  26/654 (4.0%) 21/656 (3.2%) 0.90(0.58-1.41) 0.95(0.53-1.73) 0.88

reeeeeer
0.50 10 20 4.0

FIGURE 1

Association between intraoperative steroid administration and postoperative 30-day mortality of patients undergoing craniotomy for brain tumor
(A) Multivariable logistic regression analysis. (B) Propensity score-matched analysis (*Intraoperative; OR: Odds ratio for comparing Steroids group vs.
No Steroids group).

Complications No Steroids Steroids* Unadjusted OR (95% Cl)  Adjusted OR (95% Cl)

Acute kidney injury 33/2356(1.4%)  83/6307(1.3%) 0.94(0.63-1.41) 1.11(0.71-1.73)

Pneumonia 205/2356(8.7%)  623/6307(9.9%) 1.15(0.97-1.36) 0.89(0.74-1.07)

Surgical site infection  30/2356(1.3%)  76/6307(1.2%) 0.95(0.62-1.45) 0.78(0.50-1.22)

Hyperglycemia 88/2356(3.7%)  238/6307(3.8%) 1.01(0.79-1.30) 1.05(0.81-1.38)

T T
050 o7t 10 141 20

FIGURE 2
Effects of intraoperative steroids on postoperative complications after craniotomy for brain tumors (*Intraoperative; OR: Odds ratio for comparing
Steroids group vs. No Steroids group).
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B The association of type of steroids with 30-day mortality

Outcomes Methylprednisolone

——

All patients 0.95(0.66-1.39)

Benign brain tumors 1.63(0.87- 3.05)

0.67(0.42-1.07) —Jl—

050 10 20

Malignant brain tumors

FIGURE 3

A The association of low and high does steroids administration with 30-day mortality

Multivariable Regression Adjusted Odds Ratio (95% confidence interval)

Outcomes Low dose steroid High dose steroid
Al patients 0.60(0.35-1.01) —— 0.50(0.31-0.81) ——
Benign brain tumors 0.63(0.27-1.47) ———Jl——  0.47(0.21-1.04) ——
Malignant brain tumors 0.55(0.28-1.09) ———Jl—H 0.51(0.28-0.94) ——

Dexamethasone

1.37(0.68-2.76)

F——— 1.19(0.33-4.32)

1.48(0.63-3.44)

Associations of steroids dose (A) and types (B) with postoperative 30-day mortality in patients undergoing craniotomy for brain tumor.

r T T 1
018 025 035 050 071 1.0

Hydrocortisone

——
——

=
——
——

T T T
012 025 050 10 20 40 80

3.73(1.74-7.98)

5.83(2.34-14.52)

0.73(0.09-6.22)

0.87-3.05) and dexamethasone (adjusted OR 1.19, 95% CI 0.33-4.32).
Additionally, compared with patients who received dexamethasone,
no significant difference in postoperative 30-day mortality was
detected among patients who received methylprednisolone (adjusted
OR 0.71, 95% CI 0.37-1.36).

Discussion

In this study of 8,663 patients undergoing craniotomy for brain
tumors, patients with benign brain tumors who received intraoperative
steroids were associated with an increased risk of postoperative 30-day
mortality, but this association was not found in patients with
malignant brain tumors.

Studies investigating the effects of perioperative steroid
administration for neurosurgical procedures have shown conflicting
results. In a retrospective analysis of 435 patients undergoing resection
of primary glioma, it was suggested that preoperative dexamethasone
use could potentially have a negative impact on survival (14).
However, the findings of this study were limited by its small sample
size. In contrast, another retrospective study involving 4,407 patients
undergoing craniotomy for malignant brain tumors found that
preoperative steroids did not increase the risk of postoperative 30-day
mortality (15). However, this study did not assess the effects of steroid
administration on postoperative 30-day mortality in patients
undergoing craniotomy for benign brain tumors.

To our knowledge, our study is the first to investigate the
association between intraoperative steroids and postoperative 30-day
mortality in patients undergoing craniotomy for brain tumors. This
study benefited from a large sample size, allowing for more precise
statistical analyses of 30-day postoperative mortality with a low
incidence (2.4%). Furthermore, we conducted propensity score-
matched analyses to minimize potential selection bias that may result
from the observed covariates. It was important to note that the
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accuracy of death records in our study was ensured by utilizing
household registration data administered by the Chinese government.

Several mechanisms may explain the increased postoperative
mortality of patients who received intraoperative steroids undergoing
craniotomy for brain tumors. First, most patients have increased
serum glucose levels after receiving steroids (16), and hyperglycemia
may result in shorter survival in glioblastoma patients (17). Second,
steroid use is associated with osteoporosis due to the induction of
apoptosis in osteoblasts and osteocytes (18) and a reduction of
cytokine-dependent osteoblast differentiation (19). Patients with
steroid-induced osteoporosis may have a higher mortality rate
(20, 21).

Interestingly, we found that among patients with malignant brain
tumors, a higher (>15mg dexamethasone) steroid dose was associated
with lower 30-day postoperative mortality after craniotomy, but a
lower (<15 mg dexamethasone) steroid dose was not. One possible
explanation for this finding was that low-dose steroids might not
be sufficient to control inflammation and brain swelling. In contrast,
high-dose intraoperative steroids (>15mg) have been shown to
be safe and effective in reducing inflammation and brain swelling, and
might even be associated with improved patient outcomes. More
studies in the future are needed to explore the potential mechanisms
behind these associations.

Limitations

Our study has several limitations. First, the retrospective design
of this study may introduce potential confounders and biases. For
example, there may be selection bias in which tumors that require an
approach through or close to vital structures are more likely to receive
steroids. Additionally, the surgeon’s reasoning when deciding to use
intraoperative steroids, adjuvant chemotherapy and/or radiotherapy,
and adjuvant treatment side effects could be potential confounders.
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Moreover, we were unable to obtain data on some important outcomes
such as adjuvant treatment success in controlling tumor growth and
tumor recurrence. Second, most patients in our study received
methylprednisolone instead of dexamethasone which is recommended
by the guidelines (1, 22). However, no statistical difference in
postoperative 30-day mortality was found between the two types of
steroids in our study. Third, different histopathologic types of tumors
have different resection scales, which may impact adjuvant treatment
type and prognosis. However, we only classify them into gross total
resection and subtotal resection uniformly. Fourth, all the patients in
this study were from a single institution, which may limit the
generalizability of our findings.

Conclusion

In the patients undergoing craniotomy for brain tumors,
patients with benign brain tumors who received intraoperative
steroids were associated with an increased risk of postoperative
30-day mortality, but this association was not found in patients with
malignant brain tumors. The effects of dosage, types, and duration
of intraoperative steroids on patients undergoing craniotomy for
brain tumors should be considered when designing future
prospective studies.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and
approved by the ethics committee of West China Hospital (No. 2022-
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this study in accordance with the national legislation and the
institutional requirements.

References

1. Ryken TC, Kuo JS, Prabhu RS, Sherman JH, Kalkanis SN, Olson JJ. Congress of
neurological surgeons systematic review and evidence-based guidelines on the role of
steroids in the treatment of adults with metastatic brain tumors. Neurosurgery. (2019)
84:E189-91. doi: 10.1093/neuros/nyy546

2. Deutsch MB, Panageas KS, Lassman AB, Deangelis LM. Steroid management in
newly diagnosed glioblastoma. J Neuro-Oncol. (2013) 113:111-6. doi: 10.1007/
s11060-013-1096-4

3. Rutz HP. Effects of corticosteroid use on treatment of solid tumours. Lancet. (2002)
360:1969-70. doi: 10.1016/S0140-6736(02)11922-2

4. Drappatz J, Schiff D, Kesari S, Norden AD, Wen PY. Medical management of brain
tumor patients. Neurol Clin. (2007) 25:1035-71. doi: 10.1016/j.nc1.2007.07.015

5. Roth P, Wick W, Weller M. Steroids in neurooncology: actions, indications,
side-effects. Curr Opin  Neurol. (2010) 23:597-602. doi: 10.1097/
WCO.0b013e32833e5a5d

6. Cancienne JM, Werner BC, Loeb AE, Yang SS, Hassanzadeh H, Singla A, et al. The
effect of local intraoperative steroid administration on the rate of postoperative
dysphagia following ACDEF: a study of 245,754 patients. Spine. (2016) 41:1084-8. doi:
10.1097/BRS.0000000000001407

Frontiers in Neurology

10.3389/fneur.2023.1153392

Author contributions

FF: study concept. JH and SH: acquisition, analysis, or
interpretation of data, statistical analysis, and drafting of the
manuscript. All authors: design and critical revision of the manuscript
for important intellectual content.

Funding

This study was supported by National Natural Science Foundation
of China (82271364) YZ, the innovation team project of Affiliated
Hospital of Clinical Medicine College of Chengdu University
(CDFYCX202203) YZ, and the project of Sichuan Science and
Technology Bureau (22ZDYF0798) FE

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneur.2023.1153392/
full#supplementary-material

7. Akinduro OO, Miller BA, Haussen DC, Pradilla G, Ahmad FU. Complications of
intraoperative epidural steroid use in lumbar discectomy: a systematic review and meta-
analysis. Neurosurg Focus. (2015) 39:E12. doi: 10.3171/2015.7.FOCUS15269

8. Byrne K, Levins KJ, Buggy DJ. Can anesthetic-analgesic technique during primary
cancer surgery affect recurrence or metastasis? Can | Anaesth. (2016) 63:184-92. doi:
10.1007/s12630-015-0523-8

9. Sun J, Guo X, Lu Z, Fu Z, Li X, Chu J, et al. The gap between cause-of-death statistics
and household registration reports in Shandong, China during 2011-2013: evaluation
and adjustment for underreporting in the mortality data for 262 subcounty level
populations. PLoS One. (2018) 13:e0199133. doi: 10.1371/journal.pone.0199133

10. Chan KW. The Chinese hukou system at 50. Eurasian Geogr Econ. (2009)
50:197-21.

11. The National Bureau of Statistics. Bulletin of the seventh National Census (no. 1).
(2021). Available at: http://www.stats.gov.cn/tjsj/tjgb/rkpcgb/qgrkpcgb/202106/
20210628 _1818820.html

12. Yao XI, Wang X, Speicher PJ, Hwang ES, Cheng P, Harpole DH, et al. Reporting
and guidelines in propensity score analysis: a systematic review of cancer and cancer
surgical studies. ] Natl Cancer Inst. (2017) 109:djw323. doi: 10.1093/jnci/djw323

frontiersin.org


https://doi.org/10.3389/fneur.2023.1153392
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2023.1153392/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2023.1153392/full#supplementary-material
https://doi.org/10.1093/neuros/nyy546
https://doi.org/10.1007/s11060-013-1096-4
https://doi.org/10.1007/s11060-013-1096-4
https://doi.org/10.1016/S0140-6736(02)11922-2
https://doi.org/10.1016/j.ncl.2007.07.015
https://doi.org/10.1097/WCO.0b013e32833e5a5d
https://doi.org/10.1097/WCO.0b013e32833e5a5d
https://doi.org/10.1097/BRS.0000000000001407
https://doi.org/10.3171/2015.7.FOCUS15269
https://doi.org/10.1007/s12630-015-0523-8
https://doi.org/10.1371/journal.pone.0199133
http://www.stats.gov.cn/tjsj/tjgb/rkpcgb/qgrkpcgb/202106/t20210628_1818820.html
http://www.stats.gov.cn/tjsj/tjgb/rkpcgb/qgrkpcgb/202106/t20210628_1818820.html
https://doi.org/10.1093/jnci/djw323

Heetal.

13. Glynn RJ. Editorial: use of propensity scores to design observational comparative
effectiveness studies. J Natl Cancer Inst. (2017) 109:djw345. doi: 10.1093/jnci/
djw345

14. Medikonda R, Patel K, Jackson C, Saleh L, Srivastava S, Feghali J, et al. The safety
and efficacy of dexamethasone in the perioperative management of glioma patients. J
Neurosurg. (2022) 136:1062-9. doi: 10.3171/2021.4.JNS204127

15. Alan N, Seicean A, Seicean S, Neuhauser D, Benzel EC, Weil R]. Preoperative
steroid use and the incidence of perioperative complications in patients undergoing
craniotomy for definitive resection of a malignant brain tumor. J Clin Neurosci. (2015)
22:1413-9. doi: 10.1016/j.jocn.2015.03.009

16. Hempen C, Weiss E, Hess CF. Dexamethasone treatment in patients with brain
metastases and primary brain tumors: do the benefits outweigh the side-effects? Support
Care Cancer. (2002) 10:322-8. doi: 10.1007/500520-001-0333-0

17. Derr RL, Ye X, Islas MU, Desideri S, Saudek CD, Grossman SA. Association
between hyperglycemia and survival in patients with newly diagnosed glioblastoma. J
Clin Oncol. (2009) 27:1082-6. doi: 10.1200/JCO.2008.19.1098

Frontiers in Neurology

08

10.3389/fneur.2023.1153392

18. Weinstein RS, Jilka RL, Parfitt AM, Manolagas SC. Inhibition of osteoblastogenesis
and promotion of apoptosis of osteoblasts and osteocytes by glucocorticoids. Potential
mechanisms of their deleterious effects on bone. J Clin Invest. (1998) 102:274-82. doi:
10.1172/]JCI2799

19. Rauch A, Seitz S, Baschant U, Schilling AF, Illing A, Stride B, et al. Glucocorticoids
suppress bone formation by attenuating osteoblast differentiation via the monomeric
glucocorticoid receptor. Cell Metab. (2010) 11:517-31. doi: 10.1016/j.cmet.2010.05.005

20. Canalis E, Mazziotti G, Giustina A, Bilezikian JP. Glucocorticoid-induced
osteoporosis: pathophysiology and therapy. Osteoporos Int. (2007) 18:1319-28. doi:
10.1007/s00198-007-0394-0

21. Caplan L, Saag KG. Glucocorticoids and the risk of osteoporosis. Expert Opin Drug
Saf. (2009) 8:33-47. doi: 10.1517/14740330802648194

22.Chang SM, Messersmith H, Ahluwalia M, Andrews D, Brastianos PK, Gaspar
LE, et al. Anticonvulsant prophylaxis and steroid use in adults with metastatic
brain tumors: summary of SNO and ASCO endorsement of the congress of
neurological surgeons guidelines. Neuro-Oncology. (2019) 21:424-7. doi: 10.1093/
neuonc/noz034

frontiersin.org


https://doi.org/10.3389/fneur.2023.1153392
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1093/jnci/djw345
https://doi.org/10.1093/jnci/djw345
https://doi.org/10.3171/2021.4.JNS204127
https://doi.org/10.1016/j.jocn.2015.03.009
https://doi.org/10.1007/s00520-001-0333-0
https://doi.org/10.1200/JCO.2008.19.1098
https://doi.org/10.1172/JCI2799
https://doi.org/10.1016/j.cmet.2010.05.005
https://doi.org/10.1007/s00198-007-0394-0
https://doi.org/10.1517/14740330802648194
https://doi.org/10.1093/neuonc/noz034
https://doi.org/10.1093/neuonc/noz034

	Association between intraoperative steroid and postoperative mortality in patients undergoing craniotomy for brain tumor
	Introduction
	Methods
	Study design and data source
	Patient selection
	Baseline characteristics
	Covariate assessment
	Outcomes
	Statistical analysis

	Results
	Baseline characteristics
	Primary analysis
	Sensitivity analyses
	Postoperative complications
	Subgroup analyses and stratified analyses by steroids dose/types

	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material

	 References

