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Abstract
Purpose Postoperative morbidity in glioblastoma (GBM) patients can be due to the disease course but can also come from 
postoperative complications. Our objective was to study the association of dexamethasone use and perioperative hypergly-
cemia with postoperative complications in GBM patients.
Methods A single-center, retrospective cohort study was conducted in patients who underwent surgery for primary GBM 
from 2014–2018. Patients with perioperative fasting blood glucose (FBG) measurements and adequate follow-up to assess 
for complications were included.
Results A total of 199 patients were included. More than half (53%) had poor perioperative glycemic control (FBG ≥ 7 mM 
for ≥ 20% perioperative days). Higher dexamethasone dose (≥ 8 mg) was associated with higher FBG on postoperative days 
2–4 and 5 (p = 0.02,0.05,0.004,0.02, respectively). Poor glycemic control was associated with increased odds of 30-day 
any complication and 30-day infection on univariate analysis (UVA), and 30-day any complication and increased length of 
stay (LOS) on multivariate analysis (MVA). Higher average perioperative daily dexamethasone dose was associated with 
increased odds of 30-day any complication and 30-day infection on MVA. Elevated hemoglobin A1c (HgbA1c, ≥ 6.5%) was 
associated with increased odds of 30-day any complication, 30-day infection, and LOS on UVA. In a multivariate linear 
regression model, only the diagnosis of diabetes mellitus predicted perioperative hyperglycemia.
Conclusions Perioperative hyperglycemia, higher average dexamethasone use and elevated preoperative HgbA1c are asso-
ciated with increased risk of postoperative complications in GBM patients. Avoiding hyperglycemia and limiting dexa-
methasone use in postoperative period may decrease the risk of complications. Select HgbA1c screening may allow the 
identification of a group of patients at higher risk of complications.
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Introduction

Glioblastoma (GBM) is the most aggressive primary brain 
malignancy in adults. Despite standard-of-care therapy, 
which consists of surgical resection, radiotherapy, and temo-
zolomide chemotherapy, less than half of patients survive 
for 2 years. [12] The high morbidity experienced by patients 
undergoing surgical treatment of GBM can be attributed 
to the disease course [11]; neurological sequela of surgi-
cal resection [26]; side effects of adjuvant therapy [2]; and 
complications resulting from dexamethasone use [22].

Dexamethasone is commonly used in the management 
of GBM patients to control cerebral edema before and 
after surgery [16]. Nonetheless, dexamethasone use is 
associated with glucocorticoid-induced hyperglycemia 
and diabetes [30], and its chronic use may increase throm-
bosis risk in neurosurgical patients [17]. Furthermore, 
one study linked dexamethasone use in GBM patients to 
an increased risk of infection [22]. Perioperative hyper-
glycemia is independently associated with increased risk 
of venous thromboembolic events in breast and gastroin-
testinal cancers [6, 9]. Additionally, perioperative hyper-
glycemia has been linked to immune system dysfunction 
by causing lymphopenia [34] and other unfavorable innate 
immune system downstream effects [14]. GBM patients 
are at a heightened risk for perioperative hyperglycemia 
given the use of dexamethasone [7] and the physiological 
stress response induced by surgery [25]. To date, only two 
studies assessed the risk for perioperative hyperglycemia 
on postoperative complications in GBM patients [4, 19].

Although the prognostic burden of perioperative [10] 
and long-term postoperative hyperglycemia [20] in GBM 
patients was examined, a few studies [4, 19] reported on 
complications resulting from dexamethasone-induced 
hyperglycemia. We first assessed the relationship between 
dexamethasone use and hyperglycemia in the perioperative 
period for patients undergoing first surgery for GBM. We 
then examined the impact of perioperative hyperglycemia 
and dexamethasone use on postoperative complications, 
such as infection and thrombosis. Furthermore, we sought 
to create a regression model to identify clinical risk fac-
tors for the development of perioperative hyperglycemia.

Methods

Patient selection This study was approved by the McGill 
University Health Centre Research Ethics Board Neurosci-
ence and Psychiatry Panel (study number 2021–7322) in lieu 
of individual patient consent given the retrospective nature 
of the study. Patients who were diagnosed with primary 

GBM and underwent surgical intervention at the Montreal 
Neurological Hospital (MNH) between 2014 and 2018 were 
included. Patients who had a previous grade II or III glioma, 
had an isocitrate dehydrogenase 1 gene mutation, had coex-
istent malignancy, did not receive their first tumor resection 
at our institution, had a biopsy only, had a biopsy outside 
our institution more than 3 months prior to presenting for 
resection, or did not receive follow-up at our institution 
were excluded from our study. Patients were followed up to 
2 years after the initial diagnosis.

Standard of perioperative medical care Dexamethasone was 
usually started prior to or at the time of arrival to hospital. 
Point-of-care testing was used to monitor blood glucose. For 
patients with a pre-existing type 2 diabetes mellitus (T2DM) 
diagnosis or elevated blood glucose, an insulin sliding scale 
was used with or without metformin. Pre-operative anti-
hyperglycemic medication was re-started once the patient 
was eating well after surgery. Patients underwent magnetic 
resonance imaging (MRI) prior to surgical resection via cra-
niotomy. Sequential compression devices were used in all 
patients during surgery and postoperatively until prophylactic 
anticoagulation was started. Prophylactic anticoagulation was 
started once neuroimaging confirmed the absence of a hemor-
rhagic complication. Dexamethasone was tapered according 
to the degree of postoperative edema and duration of use, with 
variable regimens depending on surgeon preference.

Data collection Data was collected from the electronic medi-
cal record system, which included the following about demo-
graphics and tumor characteristics: age at diagnosis, gender, 
BMI, tumor O [6]-methylguanine-DNA methyltransferase 
(MGMT)-promoter methylation status, tumor isocitrate dehy-
drogenase 1 gene (IDH1) mutation status, and KPS [24] at 
presentation. Information collected about treatment included 
extent of surgery (dichotomized to biopsy only or subtotal 
resection and near- or gross total resection) and adjuvant 
therapy. Postoperative outcome data included duration of 
hospital stay (from time of surgery until discharge or death, 
if death during operative stay), all postoperative complica-
tions up to 30 days after surgery, death, thrombotic and infec-
tious complications. Additionally, we collected data about 
perioperative dexamethasone and insulin dosing, presence of 
pre-operative T2DM and medication regimen, metformin use 
pre- or post-operation, pre-operative hemoglobin A1c (from 
3 months prior up to 2 weeks after surgery), and periopera-
tive FBG (if FBG measurement is unavailable pre-operative 
day 1, FBG up to pre-operative day 7 was adopted; if no 
perioperative FBG measurement is available, random FBG 
measurement was used as a surrogate if there is a value below 
7 and the patient was not on anti-hyperglycemic medications 
as this would signify adequate blood glucose control).

1032 Acta Neurochirurgica (2023) 165:1031–1040



1 3

For patients who underwent biopsy followed by resection, 
the FBG, dexamethasone dosing, and insulin data were col-
lected at time of resection; for patients with multiple resec-
tions for margins, this data was collected at time of the first 
resection. For our study, "good" perioperative glycemic 
control was defined as having FBG ≥ 7 mM for ≤ 20% of 
perioperative days while "poor" control as FBG > 20% of 
perioperative days. The threshold 7 mM was chosen as that 
is the threshold recommended for the diagnosis of diabetes 
mellitus according to various guidelines [1, 5]. The average 
dexamethasone dose during perioperative period was used 
for statistical analyses.

Residual tumor volume measurement Total residual tumor 
volume was measured in all patients who had a partial resec-
tion as reported in the imaging or physician report. All vol-
umes were calculated from a post-operative MRI that was 
obtained within 2 days of the operation. Patients who under-
went a partial resection but did not have a post-operative 
MRI (n = 3), had poor quality images due to movement 
(n = 2), or who were allergic to gadolinium (n = 1) did not 
have post-operative volumes measured. Similar methods 
were used as previously described to measure residual tumor 
volumes [8]. The volumes were measured by 3 individuals: 
a medical student, radiology resident, and a senior neurosur-
geon attending who were blinded to the outcomes of each 
patient. All volumes were measure on T1-weighted post-
gadolinium axial sequences on either 1.5-T or 3.0-T scan-
ners. Three-dimensional reconstructions were then obtained, 
and volumetric region of interests were manually chosen 
in each slice. The region of interest chosen was defined as 
the gadolinium contrast enhancing hyperintense area in the 
volume of interest, that being in the surgical resection area. 
As previously described [8], care was taken to not include 
hyperintense blood or post-operative blood products as part 
of the residual tumor volume. Pre-operative T1-weighted 
post-gadolinium images aided the 3-users in selecting only 
residual tumor volume. It should also be noted that patients 
who had multifocal disease, the definition of residual tumor 
volume also included tumors that were not resected.

Statistical analysis Statistical analysis was completed with 
R, version 4.0.0 (Foundation for Statistical Computing) 
and IBM SPSS Statistics for Macintosh, version 28.0.0.0 
(IBM Corp., Armonk, N.Y. USA). Categorical variables 
were compared with odds ratios and Chi Square p-values. 
Continuous variables were compared with independent two 
sample t-test and Mann–Whitney U test, where appropri-
ate, and non-parametric variables were determined using 
Kolmogorov–Smirnov. Multivariate odds ratios were calcu-
lated using multinomial logistic regression. Survival analy-
sis was done with Kaplan–Meier curves with log-rank test 
for univariate analysis. Simple linear regression was used 

to test risk factors that significantly predicted perioperative 
hyperglycemia. Variables with P ≤ 0.2 were used for the final 
multivariate linear regression model for predicting periop-
erative hyperglycemia. Values are presented as mean ± SD 
or median ± interquartile range (IQR) unless stated other-
wise. All multivariate models for odds ratio account for 
BMI, age, KPS at presentation, extent of resection, average 
daily dexamethasone use, and diabetes mellitus diagnosis 
pre-operatively. Hemoglobin A1c was not considered for 
any multivariate analysis as it was only available for limited 
number of patients. P-value < 0.05 was considered signifi-
cant. Data analysis was partly performed by a hired statisti-
cian including the multivariate linear regression model and 
all analyses were reviewed by a senior author with statistical 
background (MARB).

Results

Study patients There were 441 patients who underwent 
biopsy or surgical resection of GBM at the MNH between 
2014–2018, of which 199 patients were included in this 
study. Flow diagram of included patients is available in 
Supplementary Fig. 1. Study participants had a mean age 
of diagnosis of 63.1 ± 11.1  years, 40.2% were female, 
and the median presentation KPS was 80 ± 30 (range 90). 
MGMT promoter methylation was observed in 39.6% of 
tumors. For patients diagnosed with T2DM pre-operatively 
(15.7%), 28.6% were on metformin monotherapy, 46.4% 
were on combination of anti-hyperglycemic medications 
excluding insulin, and 21.4% were on insulin with or with-
out additional agents. Median pre-operative hemoglobin 
A1c was 6.4% ± 1.3 (n = 47, 23.6%). Most patients had 
appropriate follow-up to identify any complication, infec-
tion, and thrombosis by 30 days (98.5% for each). Patient 
characteristics are available in Table 1. Median overall 
survival for patients was 401 days and was longer for 
those with MGMT promoter methylated tumors (median 
597 days vs. 326 days, log rank P < 0.001). Survival curves 
are available in Supplementary Fig. 2.

Perioperative hyperglycemia and high‑dose dexametha‑
sone use The average daily perioperative dexamethasone 
dose ranged from 8.8 to 15.3 mg, with the highest usage 
on postoperative day (POD) 1 of 15.3 ± 4.3 mg (Fig. 1A). 
Average perioperative FBG measurements ranged from 
7.0 to 7.7 mM (Fig. 1B). POD 3 had the highest average 
FBG of 7.7 ± 2.8 mM (Fig. 1B) and POD 2 had the highest 
percentage (53.4%) of patients with FBG values ≥ 7.0 mM 
(Fig. 1C). Approximately half of patients (53%) were noted 
to have FBG ≥ 7.0 mM for more than 20% of perioperative 
days (Fig. 1D). Patients receiving high dexamethasone doses 
(≥ 8 mg per day) tended to have higher FBG measurements 
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the following day (Fig. 2) and this was most prominent on 
POD 2 – 6 (P = 0.02, 0.05, 0.004, 0.02, 0.11, respectively).

Complication rate The following complications were 
observed within 30 days of surgery: infection, venous throm-
boembolism, death, hemorrhage, seizure, thrombocytopenia, 
hydrocephalus, pneumocephalus, stroke secondary to vasos-
pasm, elevated intracranial pressure, syndrome of inappro-
priate antidiuretic hormone secretion, re-intubation, coma/
unresponsiveness, cerebrospinal fluid leak, heart failure 
exacerbation leading to renal failure, myocardial infarction, 
and upper gastrointestinal bleed. A total of 30.6% (60/196) 
patients had postoperative complications by day 30 (Sup-
plemental Table 1). Thromboembolic events occurred in 
3.6% (7/197) by 30 days and included deep vein thrombosis 
(n = 4), pulmonary embolism (n = 1), embolic stroke (n = 1) 
and superficial thrombophlebitis (n = 1). Infection occurred 
in 13.2% (26/197) of patients by 30 days. These infectious 
events included wound infection at surgical site (n = 3), 

respiratory infection (n = 8), urinary tract infection (n = 12), 
and CNS infection (n = 3) (Supplemental Table 2).

Association of perioperative dexamethasone use with post‑
operative complications On multivariate analysis, higher 
daily average dexamethasone use during the perioperative 
period was associated with increased odds for any postop-
erative complications by 30 days (aOR 1.21, P = 0.002) and 
infection at 30 days (aOR 1.28, p = 0.004). There was a near-
significant association between high average dexamethasone 
use and thrombosis at 30 days (aOR 1.34, P = 0.072) or LOS 
(Coefficient, β Unstandardized ± SE 0.04 ± 0.64, P = 0.948) 
(Table 2). These associations were independent of age, KPS, 
residual tumor volume, and BMI. The odds ratios of other 
variables included in the multivariate analysis on outcomes 
are available in Supplemental Table 3.

Association of perioperative hyperglycemia with postoperative 
outcomes Patients with poor perioperative glycemic control 

Table 1  Characteristics of 
patient cohort

BMI body mass index; HbA1c hemoglobin A1c; KPS Karnofsky Performance Scale; IQR interquartile 
range; MGMT O [6] -methylguanine-DNA methyltransferase;T2DM type 2 diabetes mellitus

Patient Characteristics All patients 
(n = 199)
N (%), unless 
otherwise 
stated

Age at diagnosis (mean ± SD) 63 ± 11
Gender (% female) 40.2
BMI (mean ± SD) (n = 187) 26.5 ± 5.3
Tumor MGMT promoter methylation (n = 192) 76 (39.6%)
KPS score at presentation

  80–100 107 (53.8%)
  50–70 78 (39.2%)
  0–40 14 (7.0%)

Surgery type
  Partial resection (including subtotal and near-gross total) 85 (42.7%)
  Complete resection 114 (57.3%)

Patients having biopsy prior to resection 12 (6.0%)
Residual tumor volume (mean  cm3 ± SD) (n = 193) 0.67 ± 3.17
Adjuvant therapy received

  Adjuvant chemotherapy only 9 (4.5%)
  Adjuvant radiotherapy only 12 (6.0%)
  Adjuvant chemo- and radiotherapy 164 (82.4%)
  None 14 (7.0%)

Diagnosis of T2DM (n = 198) 31 (15.7%)
  Metformin monotherapy (n = 28) 8 (28.6%)
  Sulfonylurea monotherapy (n = 28) 1 (3.6%)
  Combination of agents, no insulin (n = 28) 13 (46.4%)
  Insulin therapy with or without other medications (n = 28) 6 (21.4%)

HbA1c pre-operatively (median ± IQR) (n = 58) 6.4 ± 1.3
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had higher odds of 30-day complications on univariate analysis 
(odds ratio (OR) 2.61, 95% CI 1.35–5.01, p = 0.004) and multi-
variate analysis (adjusted OR (aOR) 4.41, 95% CI 1.89—10.27, 
p < 0.001) (Table 2). Poor perioperative glycemic control did 
not increase the odds of thrombotic events at 30 days on uni-
variate (OR 1.04, P = 0.956) or multivariate analysis (aOR 2.55, 
P = 0.365) (Table 2). Poor perioperative glycemic control was 
associated with increased infectious event at 30 days on univari-
ate analysis but did not reach statistical significance (OR 2.33, 
P = 0.065); this was similar for multivariate analysis (aOR 2.69, 
P = 0.102) (Table 2). Mean hospital length of stay (LOS) was 
not increased in patients with poor perioperative glycemic con-
trol on univariate analysis (17.2 days, standard error (SE) 3.5 
vs. 11.7 days, SE 1.7, P = 0.566) but was longer on multivariate 
analysis (11.3 days longer, P = 0.012) (Table 2).

Predicting perioperative hyperglycemia Risk factors that pre-
dicted perioperative hyperglycemia (P ≤ 0.2) in a simple lin-
ear regression and were included in our final model are age 
(P = 0.113), and diabetes diagnosis (P < 0.001) (Table 3). For the 
multivariate linear regression model, only a diabetes diagnosis 

significantly predicted perioperative hyperglycemia (β, unstand-
ardized = 21.212, P < 0.001) (Table 3). The residual variance 
of the linear regression model via ANOVA sum of squares is 
84.6% of total variance (267,814.601 of 316,609.508).

Association of pre‑operative A1c with postoperative 
outcomes Pre-operative A1c was only available for 47 
patients, of which 29 (61.7%) had good glycemic control 
and 18 (38.3%) had poor control. On univariate analysis 
an elevated hemoglobin A1c (≥ 6.5%) associates with sig-
nificantly higher odds of all postoperative complications 
by 30 days (OR 5.56, P = 0.013), infection at 30 days (OR 
11.7, P = 0.012) and LOS (24.1 days vs. 9.1 days, P = 0.027) 
(Table 4). Neither group had a thrombotic event by 30 days.

Discussion

In this cohort of 199 patients undergoing first surgery for 
GBM, we observed that poor glycemic control and higher 
average daily dexamethasone use were associated with 

Fig. 1  Distribution of perioperative FBG measurements and dexa-
methasone use. a Perioperative dexamethasone daily dose. Indi-
vidual data points represent dexamethasone dose received by indi-
viduals on the respective days and the bar graph represents average 
dose. b Perioperative FBG. Pre-operative day 2–7 (not shown here) 
n = 38, pre-operative 1, n = 65; POD0, n = 64, POD1, n = 115; POD2, 
n = 116; POD3, n = 109; POD4, n = 84; POD5, n = 73; POD6, n = 64; 
POD7, n = 63. Dashed horizontal line indicates FBG level of 7.0 mM. 

Lines indicate the mean and the SD on different days. c Proportion of 
patients with high (≥ 7 mM) and low (< 7) FBG measurements. This 
figure is generated from the population data in Fig. 1B and displayed 
to represent trends in hyperglycemia. d Distribution of patients based 
on % of perioperative days with high fasting blood glucose (FBG) 
measurements, n = 199. Abbreviations: FBG, fasting blood glucose; 
POD, postoperative day
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important postoperative complications. On multivariate 
analysis, poor perioperative glycemic control was asso-
ciated with increased odds of 30-day occurrence of any 
complication. Higher average dexamethasone daily dose 
was associated with increased odds of 30-day occurrence 
of any complication, 30-day infection, and a near sig-
nificant association with 30-day thrombosis (P = 0.072). 
Furthermore, while daily average dexamethasone dose did 
not correlate with perioperative hyperglycemia on a lin-
ear regression model, doses ≥ 8 mg/day were associated 
with hyperglycemia on the following day on POD 2, 4 
and 5. POD3 and POD6 demonstrated near significance 
at P = 0.05 and 0.11, respectively. We demonstrate that 
increased dexamethasone use can contribute to morbidity 

and mortality in GBM patients through augmenting the 
risk for postoperative complications, such as infections 
and thrombotic events.

Identifying factors that are associated with increased 
risk of complications can lead to improved care for GBM 
patients; specifically, avoiding hyperglycemia and utilizing 
the least possible dexamethasone dose that is effective for 
symptom control. Controlling perioperative hyperglycemia 
may decrease the risk of some of these complications, as 
supported by a meta-analysis of 5053 surgical patients show-
ing tight glycemic control associated with lower infection 
rates [35]. In addition, optimizing glycemic index control 
can reduce postoperative LOS for GBM patients and lower 
associated burdensome costs on the healthcare system [15].

Fig. 2  Scatter plots showing 
the relationship between dose 
of dexamethasone adminis-
tered and fasting blood glucose 
measurement the following 
day. Inset bar graphs show the 
proportion of patients with high 
FBG measurements according 
to dexamethasone dose (< 8 mg 
vs. ≥ 8 mg). Pink dots represent 
data points FBG ≥ 7 mmol/L. 
The p-values for the individual 
bar graphs from FBG POD0 to 
POD7 are 0.39, 0.63, 0.02, 0.05, 
0.004, 0.02, 0.11, and 0.59, 
respectively. DEX, dexametha-
sone; FBG; fasting bloodglu-
cose; POD, postoperative day
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We also found that a pre-operative finding of elevated 
hemoglobin A1c was associated with increased odds of 
30-day occurrence of any complication, 30-day infection, 
development of T2DM, and LOS on univariate analysis. 
Preoperative workup which includes hemoglobin A1c may 
identify patients who are at a higher risk of experiencing 
postoperative complications.

The current state of literature suggests worse outcomes 
for neurosurgical patients with perioperative hyperglyce-
mia but data for GBM patients is scarce. High perioperative 
hemoglobin A1c is associated with increased complications 
in patients undergoing spine surgery [18] and perioperative 
hyperglycemia worsens complications for patients with 
acute stroke undergoing thrombectomy [3]. Previous GBM 

Table 2  Univariate and multivariate analysis of the association of perioperative glycemic control and high dexamethasone use with postoperative 
outcomes

95% CI 95% confidence interval; aOR adjusted odds ratio; B β coefficient unstandardized; BMI body mass index; LOS length of stay; OR odds 
ratio; SE standard error

Complication Perioperative Glycemic Control Average Dexamethasone 
Use

Good control
n = 86

Poor control
n = 113

OR
(95% CI)

p-value aOR
(95% CI)

p-value aOR
(95% CI)

p-value

  30-day all complications n = 86
17 (19.8%)

n = 110
43 (39.1%)

2.61
(1.35–5.01)

0.004 4.41
(1.89–10.27)

 < 0.001 1.21
(1.07–1.37)

0.002

  30-day thrombosis n = 86
3 (3.5%)

n = 111
4 (3.6%)

1.04
(0.23–4.79)

0.956 2.55
(0.34–19.20)

0.365 1.34
(0.98–1.84)

0.072

  30-day infection n = 86
7 (8.1%)

n = 111
19 (17.1%)

2.33
(0.93–5.83)

0.065 2.69
(0.82–8.81)

0.102 1.28 (1.08–1.51) 0.004

(mean ± SE) (mean ± SE) p-value B ± SE p-value B ± SE p-value
  LOS (days) n = 86

11.7 ± 1.7
n = 111
17.2 ± 3.5

0.566 11.3 ± 4.46 0.012 0.04 ± 0.64 0.948

Table 3  Simple and multiple 
linear regression to identify 
risk factors associated with 
perioperative glycemic control

FBG fasting blood glucose; B β coefficient unstandardized; β β coefficient standardized; BMI body mass 
index; KPS Karnofsky performance status; SE standard error

Variable % days high FBG

Univariate analysis Multivariate analysis

B ± SE β p-value B ± SE β p-value

BMI 0.374 ± 0.0.537 0.051 0.487
Age 0.410 ± 0.258 0.113 0.113 0.119 ± 0.244 0.032 0.628
Sex (female) -0.114 ± 5.828 -0.001 0.984
Type 2 diabetes mellitus 21.528 ± 3.617 0.391  < 0.001 21.212 ± 3.682 0.386  < 0.001
KPS 1.350 ± 1.654 0.058 0.415
Residual tumor volume 0.196 ± 0.292 0.048 0.503
Average dexamethasone 

use perioperatively
-0.384 ± 0.861 -0.032 0.656

Table 4  Univariate analysis 
of the association of pre-
operative hemoglobin A1c with 
postoperative complications

OR odds ratio; 95% CI 95% confidence interval; LOS length of stay; SE standard error

Complication Good control
n = 29

Poor control
n = 18

OR 95% CI p-value

30-day all complications n = 29
4 (13.8%)

n = 17
8 (47.1%)

5.56 1.34–23.0 0.013

30-day thrombosis n = 29
0 (0%)

n = 17
0 (0%)

- - -

30-day infection n = 29
1 (3.4%)

n = 17
5 (29.4%)

11.67 1.23–110.80 0.012

LOS (days, mean ± SE) n = 29
9.1 ± 1.79

n = 18
24.1 ± 6.64

- - 0.027
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findings examined associations between complication rate 
and perioperative glycemic control, with different definitions 
of poor glycemic control [4, 19]. Link et al. assessed postop-
erative function loss in patients with primary eloquent GBM 
[19]. Decker et al. examined any complication, including 
seizure, respiratory failure, pneumonia, fever, sepsis, return 
to operating room, 30-day mortality, 30-day readmission, or 
mortality [4]. The studies found no significant correlations 
between hyperglycemia and pneumonia, fever, or sepsis 
events. However, the definitions used to denote hyperglyce-
mia in these two studies may not be clinically relevant. Link 
et al. used the threshold of 8.88 mM random blood glucose 
(RBG), while Decker et al. used a definition of “doubling of 
median glucose” for odds ratios and RBG cut-off points of 
9.0—9.3 mM for their receiver operating curves. Our study 
confirms the association between postoperative complica-
tions and poor glycemic control while using a clinically 
applicable definition of hyperglycemia (i.e., hyperglycemia 
defined as FBG ≥ 7.0 mM).

Furthermore, our study corroborates with previous find-
ings that link increased infection rates with higher daily 
dexamethasone dose in GBM patients [22], while also dem-
onstrating increased odds of longer LOS and other complica-
tions, such as 30-day thrombosis. This study is also the first 
to assess the association between pre-operative hemoglobin 
A1C and post-operative complications in GBM patients. 
Poor pre-operative glycemic control defined as hemoglobin 
A1C ≥ 6.5% aligned with a diagnosis of T2DM and was 
associated with infectious and thrombotic complications as 
well as increased length of stay.

The strengths of our study include a large sample size and 
ample data points for statistical analyses. Most patients had 
appropriate follow up to identify complications by 30 days. 
Our patient population is also similar to that reported in the 
literature with comparable median overall survival, which 
was longer for MGMT promoter methylated tumors [12, 
33]. Patients with gross total resection had longer median 
overall survival compared to patients with partial resection, 
as shown in previous studies [23, 28]. There was a longer 
time to tumor growth in patients who had gross total versus 
partial resection. This effect was more prominent in MGMT 
promoter methylated tumors in concordance with the lit-
erature [13, 32]. Furthermore, the frequency and timing of 
postoperative thrombosis observed in our study was similar 
to that reported in the literature for neurosurgical oncology 
patients [27]. Our 30-day rate of venous thromboembolism 
(3.6%) was similar to the reported 3.5% rate in Senders et al. 
[31]. Further our rates of surgical site infection (1.5%) and 
CNS infection (1.5%) are similar to the infection rate previ-
ously published in a systematic review (3.25%) [29], and the 
CNS infection rate reported in a retrospective cohort study 
(0.8%) [21].

The limitations of our study include the absence of pre-
operative hemoglobin A1c of all patients and insufficient 
information on dexamethasone use after discharge. Further-
more, other co-morbidities that could contribute to compli-
cation risk were not evaluated, which would likely lead to 
an over-fitted model. Instead, we used KPS, residual tumor 
volume, preoperative T2DM diagnosis, and BMI to assess 
for patient functional status and baseline comorbidity. Our 
analysis revealed that KPS was independently associated 
with complications at 30 days; infection at 30 days; and pro-
longed length of stay as would be expected for dependent 
and immobile patients. Our study was not able to consider 
the effect of postoperative stress hyperglycemia isolated 
from the effects of dexamethasone. In one study, postopera-
tive stress hyperglycemia incidence was 47.7% in neurosur-
gical non-diabetic critical care and 45.9% in cranial tumor 
patients [36]. If we define postoperative stress hyperglyce-
mia as FBG ≥ 7.0 mM on POD1 or POD2, our incidence is 
similar at 55.8% (82/147). Notably, the association between 
high dexamethasone dose and poor perioperative glycemic 
control in our study was less prominent on POD 0 and POD 
1, possibly due to the confounding effect of postoperative 
stress hyperglycemia. Also, this is an observational study 
and can only show correlation, not causation.

Future studies such as a prospective study comparing 
standard-of-care to increased scrutiny over perioperative 
hyperglycemia would add to the findings of this study. It 
would also be of interest to explore the minimal dexametha-
sone dose associated with a biologically significant effect 
on blood–brain barrier stabilization in patients with GBM 
since our study would support a "less is more" strategy when 
using dexamethasone in the perioperative period after GBM 
surgery.

Conclusions

Perioperative hyperglycemia and elevated pre-operative 
hemoglobin A1c are associated with increased risk of impor-
tant postoperative complications in GBM patients. Higher 
average daily dexamethasone in the postoperative period is 
associated with hyperglycemia and an increased risk of com-
plications. Thus, hyperglycemia and dexamethasone dose 
in the postoperative period are two modifiable factors that 
could be targeted to reduce the postoperative complication 
risk in GBM patients. Furthermore, preoperative hemo-
globin A1c measurement may help to predict an increased 
risk of postoperative complications.
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