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Background: Systemic corticosteroid use is recommended before extubation in mechanically ventilated 
patients to prevent postextubation airway complications and reintubation. However, the adverse events 
associated with such use remain unclear. This study aimed to describe the incidence of adverse events 
associated with prophylactic corticosteroid use before extubation in mechanically ventilated adult patients.
Methods: This is a retrospective cohort study of 251 mechanically ventilated adults who received 
prophylactic corticosteroids in the intensive care units of four tertiary-care hospitals. The patients received 
20 mg methylprednisolone at 12, 8, 4, and 0 hours before extubation (total dose, 80 mg) and were followed 
for 72 hours after extubation. The primary outcome was a clinically significant increase in blood glucose 
levels of ≥100 mg/dL within 24 and 72 hours after prophylactic corticosteroid administration.
Results: Fifty-seven (23.1%) out of 247 patients and 73 (30.3%) out of 241 patients showed a 
clinically significant increase in blood glucose levels within 24 and 72 hours after receiving prophylactic 
corticosteroids, respectively. The clinically significant increase in blood glucose levels was significantly 
associated with underlying diabetes mellitus and was not significantly associated with hyperglycemia within 
3 days before the initiation of prophylactic corticosteroids or with patient age. New-onset infections and 
delirium were also common, with incidences of 7.6% and 7.7%, respectively.
Conclusions: Prophylactic corticosteroid use before extubation was associated with adverse events, the 
most common of which was increased blood glucose levels. Lower doses of prophylactic corticosteroids may 
need to be considered in patients with diabetes mellitus or hyperglycemia.
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Introduction

Postextubation airway obstruction is an important cause of 
extubation failure. Reintubation is necessary for 10–100% 
of patients with postextubation airway obstruction or 
laryngeal edema (1). However, reintubation is associated 
with increased morbidity, mortality, and costs as well 
as prolonged mechanical ventilation and intensive care 
unit (ICU) stay (2-9). To prevent postextubation airway 
complications, systemic corticosteroids are used in clinical 
practice because they reduce laryngeal edema due to direct 
mucosal injury by tracheal intubation.

A clinical practice guideline published by the American 
Thoracic Society and American College of Chest Physicians 
in 2017 recommends the use of prophylactic corticosteroids 
in patients who failed a cuff leak test (10,11). This guideline 
did not fully discuss the adverse events associated with 
prophylactic corticosteroid use in light of postextubation 
airway complications. Our previous systematic review 
also suggested that using them before extubation reduced 
the incidence of postextubation airway complications and 
reintubation, with few adverse events (12). However, five 
of the 11 included studies did not address the adverse 
events related to prophylactic corticosteroid use, potentially 
representing reporting bias and precluding an adequate 
assessment of adverse events. Although clinicians encounter 
adverse events possibly associated with prophylactic 
corticosteroids, such as hyperglycemia, in clinical 
practice, the adverse events associated with prophylactic 
corticosteroid use are not well investigated in general.

This study aimed to describe the incidence of adverse 
events following the administration of prophylactic 
corticosteroids before extubation in mechanically ventilated 
adult patients. We particularly focused on the incidence 
of a clinically significant increase in blood glucose (BG) 
levels in these patients. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/atm-20-1790).

Methods

Study design and setting

This retrospective cohort study was conducted in the ICUs 
of four community-based, tertiary-care teaching hospitals, 
located in different areas in Japan. All participating ICUs 
were managed by board-certified critical care physicians. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013) and current ethical guidelines. 

The study protocol was approved by the ethics committee of 
each participating hospital. Individual informed consent was 
waived because of the retrospective nature of the study.

Participants

We included all patients who received prophylactic 
corticosteroids from January 1, 2014, to December 31, 
2018. All participating ICUs used the same regimen of 
prophylactic corticosteroids: 20 mg of methylprednisolone 
was initiated 12 hours before the planned extubation, and 
the same dose was given every 4 hours with the last injection 
given immediately before the extubation (total dose: 80 mg),  
as proposed by François et al. (13) Whether to perform the 
cuff leak test or administer prophylactic corticosteroids was 
at the discretion of the treating critical care physician. We 
excluded patients who met any of the following criteria: 
(I) received systemic corticosteroids within 3 days before 
starting prophylactic corticosteroids according to the 
original indication by François et al. (13), (II) received 
systemic corticosteroids during the follow-up period after 
extubation, or (III) received prophylactic corticosteroids for 
the second time during an identical hospital stay.

Variables

We collected the following data from the medical charts: 
(I) patient characteristics [age, sex, height, weight, body 
mass index, presence of diabetes mellitus (DM), reason 
for admission, and Acute Physiology and Chronic Health 
Evaluation II score (14)], (II) treatment during the ICU 
stay (diameter of tracheal tubes, use of acid suppressants, 
use of vasopressors, use of systemic corticosteroids before 
starting prophylactic corticosteroids, use of diuretics during 
the initiation of prophylactic corticosteroids, use of insulin 
and enteral antihyperglycemic agents within 24 hours 
before initiating prophylactic corticosteroids, duration of 
mechanical ventilation, and cuff leak test results), and (III) 
patient outcomes (postextubation stridor, reintubation, and 
outcomes of interest).

We defined DM as either of  the fol lowing: (I) 
hemoglobin A1c levels of ≥6.5%, according to the National 
Glycohemoglobin Standardization Program (15), or (II) an 
established diagnosis of DM and use of antihyperglycemic 
drugs including insulin. As all participating ICUs were from 
acute-care hospitals, it was anticipated that some patients 
could have been transferred to other hospitals immediately 
after discharge from the ICUs. Thus, we collected data on 
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the highest BG levels within 3 days before and within the 
first 24 hours and the next 24–72 hours after the initiation 
of prophylactic corticosteroids. Similarly, we collected 
data on the use of steroids within 3 days of the initiation of 
prophylactic corticosteroids. We defined hyperglycemia as 
blood glucose levels of ≥180 mg/dL.

Outcomes

The primary outcome was a clinically significant increase 
in BG levels, defined as an increase of ≥100 mg/dL 
within 24 hours (0–24 hours) or 72 hours (0–72 hours) 
after prophylactic corticosteroids were initiated. The 
changes in BG levels were calculated by subtracting the 
BG level immediately before the initiation of prophylactic 
corticosteroids from the highest blood glucose level within 
1 or 3 days after the drugs were initiated. We accepted all 
BG level measurements irrespective of whether insulin 
and enteral nutrition were concurrently administered 
during the measurement. Whether to administer insulin or 
antihyperglycemic drugs to patients in the peri-extubation 
period was at the discretion of the treating critical care 
physician. To be clear, we used the data of patients who 
had recorded BG levels within 3 days before and within 
24 and/or 72 hours after the initiation of prophylactic 
corticosteroids. We additionally followed the BG levels of 
patients who experienced a clinically significant increase 
in BG levels as long as 7 days after initiating prophylactic 
corticosteroids. We captured the first timing when the 
BG level in such patients fell below the BG level recorded 
immediately before initiating prophylactic corticosteroids. 

The secondary outcomes included the number of 
patients who newly necessitated insulin for increased BG 
levels after initiating prophylactic corticosteroids, the 
increased amount of insulin required after initiation of 
prophylactic corticosteroids for whom insulin had already 
been administrated, the incidence of new-onset infections, 
upper gastrointestinal (GI) bleeding, new-onset delirium, 
an exacerbation of existing delirium, and thrombotic events 
at 3 days after the initiation of prophylactic corticosteroids. 
We defined new-onset infections as new fever or an increase 
in inflammatory indices in patients with no prior infections, 
or superinfection in those with known infections, that was 
resolved with antibiotics and met one of the following 
criteria: (I) had confirmed microbiological evidence; or (II) 
had a source of infection that was suspected radiologically 
or on a clinical ground. We defined upper GI bleeding as 
one that was confirmed by upper GI endoscopy or required 

treatment with acid suppressants and/or transfusions. We 
defined new-onset delirium as a delirious status that was 
diagnosed using the Confusion Assessment Method for the 
Intensive Care Unit (16) or the Intensive Care Delirium 
Screening Checklist (17) or was diagnosed on a clinical 
ground and required treatment with antipsychotics. An 
exacerbation of existing delirium was defined as the use of 
additional antipsychotics in patients with delirium during 
the initiation of prophylactic corticosteroids. Moreover, we 
defined thrombotic events as clinically significant adverse 
events such as deep vein thrombosis, pulmonary embolism, 
or thrombosis in other organs that required treatment, 
because we did not routinely screen for these conditions in 
our practice.

Statistical analysis

We used descriptive statistics for the primary and secondary 
outcomes. We presented continuous variables in medians 
with interquartile ranges (IQRs). Subsequently, we 
conducted a multivariable logistic regression analysis to 
estimate odds ratios (ORs) and 95% confidence intervals 
(CIs) for the increased BG levels of ≥100 mg/dL. Fully 
adjusted models included variables such as age, a known 
diagnosis of underlying DM, concurrent use of diuretics 
[loop diuretics (18), thiazides (19), and glycerol (20)] with 
prophylactic corticosteroids, and highest blood glucose 
levels within 3 days prior to the initiation of prophylactic 
corticosteroids. Since the proportion of missing data was 
small, we conducted this multivariable logistic regression 
analysis with patients that had consistent BG level data 
within 3 days before and within 24 and/or 72 hours after 
the initiation of prophylactic corticosteroids.

We selected the above variables based on the following 
hypotheses. First, older ages may be associated with 
corticosteroid-induced hyperglycemia. A previous study 
suggested that age ≥60 years was associated with the incidence 
of DM due to corticosteroid use for a short period (21). We 
thus set 60 years as the cutoff of age in our study. Second, 
it was anticipated that the BG status in patients with DM 
could be exacerbated by using systemic corticosteroids, 
resulting in hyperglycemia. Third, glucose intolerance or 
insulin resistance may develop with the use of diuretics 
(18-20). Fourth, blood glucose levels could increase due 
to temporary insulin resistance and concomitant relative 
insulin deficiency, irrespective of the presence of underlying 
DM in the critically ill (22). Patients who had experienced 
higher BG levels in response to disease and stress are more 
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likely to have glucose intolerance and experience higher BG 
levels with systemic corticosteroid use. To estimate blood 
glucose levels within 3 days of the initiation of prophylactic 
corticosteroids, we set subgroups based on the following 
blood glucose levels: <180, 180–359, and ≥360 mg/dL.

A two-tailed P value of <0.05 was considered statistically 
significant. All analyses were performed using Stata (version 
15.1; StataCorp, College Station, TX, USA).

Results

Characteristics of participants

A total of 271 patients received prophylactic corticosteroids 
before extubation. We excluded 16 patients who received 
systemic corticosteroids within 3 days before starting 
prophylactic corticosteroids, 2 patients who received 
systemic corticosteroids after extubation, and 2 patients who 
received prophylactic corticosteroids during an identical 
hospital stay, thereby leaving a total of 251 patients for 
analysis (Figure 1). The median age was 69 years, and 131 
(52.2%) patients were men (Table 1). Among the patients, 
56 (22.3%) had underlying DM. The median APACHE 
II score was 18. Moreover, 153 (61.2%) and 104 (41.4%) 
patients were on acid suppressants and diuretics, respectively, 
during the initiation of prophylactic corticosteroids. Insulin 
and enteral antihyperglycemic drugs were administrated to 
54 and 4 patients, respectively, within 24 hours of initiating 
prophylactic corticosteroids. A total of 132 patients (52.6%) 
received mechanical ventilation within <7 days, and out of 
the 119 (47.5%) who underwent the cuff leak test, 23 passed 
and 96 failed the test.

Primary outcomes

Data on BG levels within 3 days before and within 24 and 
72 hours after the initiation of prophylactic corticosteroids 
were available in 248, 249, and 242 patients, respectively. 
The missing BG level data were due to data missing for 
unknown reasons. As a result, we used the data from 247 
patients and 241, respectively, for the period within 24 and 
72 hours after the initiation of prophylactic corticosteroids.

A  to t a l  o f  100  pa t i en t s  ( 40 .5%)  exper i enced 
hyperglycemia within 3 days before the initiation of 
prophylactic corticosteroids, with a median blood glucose 
level of 167 mg/dL. The median highest BG levels within 
24 and 72 hours were 202 and 213 mg/dL, respectively 
(Table 2). Among the 247 patients, 230 (93.1%) experienced 
an increase in BG levels of any level within 24 hours after 
prophylactic corticosteroids were initiated, while 168 
(69.7%) among 241 patients had a decline in BG levels 
within 24–72 hours (Table 3).

Changes in BG levels within 24 hours of initiating 
prophylactic corticosteroids
Out of the 247 patients, 57 (23.1%) had a clinically 
significant increase in BG levels (≥100 mg/dL) (Table 3). A 
clinically significant increase in BG levels was significantly 
associated with the presence of underlying DM (OR 2.65; 
95% CI, 1.28–5.49) (Table 4). However, age or the use of 
diuretics during the initiation of prophylactic corticosteroids 
was not associated with a clinically significant increase in 
BG levels. The subgroups with blood glucose levels of 
180–359 and ≥360 mg/dL had higher ORs [1.39 (95% CI, 

Figure 1 Selection of study participants.

Patients who received prophylactic corticosteroids (n=271)

Patients included in the analysis

(n=251)

Excluded (n=20)
 Received systemic corticosteroids before the initiation of prophylactic 

corticosteroids (n=16)
 Received systemic corticosteroids after extubation (n=2)
 Received prophylactic corticosteroids twice in the identical hospital stay (n=2)
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Table 1 Characteristics of study participants

Characteristics Outcome

Age (years) 69 [53, 79]

Gender

Male 131 (52.2%)

Female 120 (47.8%)

Height (cm) 158 (150, 168)

Weight (kg) 57.0 (49.3, 68.0)

Body mass index (kg/m2)

Underweight (<18.5) 30 (12.4%)

Healthy (18.5-25) 137 (56.6%)

Overweight (>25-30) 50 (20.7%)

Obese (>30) 25 (10.3%)

Presence of diabetes mellitus 56 (22.3%)

Reason for admission

Medical 99 (39.4%)

Surgical 124 (49.4%)

Trauma 28 (11.2%)

APACHE II 18 [13, 24]

Tube diameter (mm)

6 8 (3.2%)

6.5 9 (3.6%)

7 81 (32.3%)

7.5 58 (23.1%)

8 86 (34.2%)

8.5 8 (3.2%)

No record 1 (0.4%)

Duration of intubation <7 days 132 (52.6%)

Use of vasopressors 73 (29.1%)

Use of acid suppressant at the initiation 
of PC

153 (61.2%)

Use of diuretics at the initiation of PC 104 (41.4%)

Use of glucose lowering agents within 24 
hours of initiating PC

Insulin 54 (21.5%)

Enteral antihyperglycemic drugs 4 (1.6%)

Metformin 1 (0.4%)

Acarbose 1 (0.4%)

Repaglinide 2 (0.8%)

Tofogliflozin 1 (0.4%)

Cuff leak test

Pass 23 (9.2%)

Failure 96 (38.3%)

Table 1 (continued)

Table 1 (continued)

Characteristics Outcome

Not performed/ unclear 132 (52.6%)

Postextubation stridor

Present 19 (7.6%)

Reintubation

Reintubation due to laryngeal edema 16 (6.4%)

Reintubation due to events other than 
laryngeal edema

11 (4.4%)

0.70–2.77) and 3.32 (95% CI, 0.46–23.84), respectively] 
than the reference subgroup, although the differences were 
not significant.

Changes in BG levels within 72 hours of initiating 
prophylactic corticosteroids
Meanwhile, 73 (30.3%) out of the 241 patients showed a 
clinically significant increase in BG levels (Table 3). Age 
≥60 years (OR 2.03; 95% CI, 1.02–4.04) and the presence 
of underlying DM (OR 2.47; 95% CI, 1.23–4.96) were 
significantly associated with a clinically significant increase 
in BG levels (Table 4). The subgroups with blood glucose 
levels of 180–359 and ≥360 mg/dL had higher ORs [1.53 
(95% CI, 0.81–2.87) and 6.44 (95% CI, 0.63–65.35), 
respectively] than the reference subgroup, although the 
differences were not significant.

We additionally followed up 73 patients who experienced 
a clinically significant increase in BG levels (≥100 mg/dL) 
for the median of 3 days (IQR, 2 to 4). Within the median 
of 3 days (IQR, 2 to 6), the BG levels in 58 patients (79.5%) 
fell below the BG levels immediately before initiating 
prophylactic corticosteroids for the first time.

Secondary outcomes

Insulin was newly initiated in 26 patients, with the 
median of 5 units daily (IQR, 4 to 10; range, 2 to 22) at 
maximum during the 72 hours after initiating prophylactic 
corticosteroids. The daily dose of insulin in 54 patients 
who had received insulin before initiating prophylactic 
corticosteroids increased by 5 units (IQR, 0 to 16; range, 
−33 to 42).

Nineteen patients (7.6%) developed new-onset 
infections, two of which were diagnosed as having sepsis 
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based on the Sepsis-3 definition (23) (Table 5). The 
infections included pneumonia (n=11), urinary tract 
infection (n=3), postsurgical meningitis (n=3), an infectious 
pancreatic cyst (n=1), and surgical site infection (n=1). 
One patient (0.4%), who was not on acid suppressants, 
developed GI bleeding 2 days after receiving prophylactic 
corticosteroids. New delirious events were observed in 
18 (7.7%) out of 235 patients without delirium, while the 
use of additional antipsychotics was observed in 5 (31.3%) 
out of 16 patients who had delirium after the initiation of 
prophylactic corticosteroids. Two patients had thrombotic 
events; one developed mesenteric ischemia 2 days after the 
initiation of prophylactic corticosteroids, and the other 
developed deep vein thrombosis 3 days after.

Discussion

This study showed that an increased BG level was a 
common adverse event of prophylactic corticosteroids. 
The only risk factor for such event was the presence of 

underlying DM, whereas patient age and the highest BG 
level within 3 days of initiating prophylactic corticosteroids 
may potentially be risk factors. New-onset infections 
and delirium were also common, while GI bleeding and 
thrombotic events were rare.

This study investigated the BG levels of patients who 
received prophylactic corticosteroids according to the 
regimen proposed by François et al. (13). François et al. 
originally focused on “serious” adverse events and did 
not report on hyperglycemia. Although hyperglycemia is 
generally not a serious adverse event, 70.1% of our cohort 
experienced BG levels of ≥180 mg/dL after the initiation 
of prophylactic corticosteroids, which usually indicates the 
blood glucose-lowering therapy in the critical care setting. 
Further, we found that 30.3% of the cohort experienced 
increased BG levels of ≥100 mg/dL within 3 days following 
the administration of prophylactic corticosteroids. Our 
study thus confirmed that hyperglycemia is a common and 
important adverse event of prophylactic corticosteroids.

Most recent randomized controlled trials on the use of 

Table 2 Blood glucose profiles before and after initiation of prophylactic corticosteroids

Outcomes
Three days before the 
initiation of PC (n=247)

Immediately before the 
initiation of PC (n=247)

After the initiation of PC

0–24 hours 
(n=247)

24–72 hours 
(n=241)

0–72 hours 
(n=241)

Highest blood glucose level during the 
period (mg/dL) median (IQR) [range]

167 (144 to 206)  
[85 to 433]

142 (120 to 168) [79 to 
592]

202 (168 to 251) 
[113 to 885]

172 (148 to 230) 
[94 to 522]

213 (174 to 265) 
[113 to 885]

Hyperglycemia defined as blood 
glucose level ≥180 mg/dL, n (%)

100 (40.5) 39 (15.8) 162 (65.6) 110 (45.6) 169 (70.1)

PC, prophylactic corticosteroids; IQR, interquartile ranges.

Table 3 Changes of blood glucose profiles after initiation of prophylactic corticosteroids

Outcomes
After the initiation of PC

0–24 hours (n=247) 24–72 hours (n=241) 0–72 hours (n=241)

Change of blood glucose levels (mg/dL) during the 
period median (IQR) [range]

58 (34 to 95) [−121 to 293] −21 (−60 to 3) [−363 to 164] 69 (41 to 110) [−111 to 293]

Increase by ≥100 mg/dL of blood glucose level 
during the period, n (%)

57 (23.1) 8 (3.3) 73 (30.3)

No. of patients with an increase in blood glucose 
level during the period, n (%)

230 (93.1) 65 (27.0) 231 (95.9)

No. of patients with a decrease in blood glucose 
level during the period, n (%)

16 (6.5) 168 (69.7) 9 (3.7)

PC, prophylactic corticosteroids; IQR, interquartile ranges.
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systemic corticosteroids in the critically ill did not define 
hyperglycemia clearly or address hyperglycemia as an 
adverse event (see the online Table S1). Some of these 
studies also included patients with DM or hyperglycemia 
at baseline. Thus, in these studies, the incidence of 
hyperglycemia was anticipated in response to systemic 
corticosteroids. We assumed a priori that our patients 
had DM or hyperglycemia before receiving prophylactic 
corticosteroids. Therefore, we employed 100 mg/dL as the 
threshold for a clinically significant increase in BG levels 

rather than setting absolute criteria for hyperglycemia.
We particularly hypothesized that the blood glucose 

status could exacerbate in response to prophylactic 
corticosteroids in patients with DM and/or hyperglycemia 
before the initiation of prophylactic corticosteroids. Our 
study confirmed that the presence of underlying DM was 
a risk factor for a clinically significant increase in blood 
glucose levels. The term stress hyperglycemia has been used 
to define glucose intolerance in critically ill patients possibly 
caused by temporary insulin resistance and concomitant 
relative insulin deficiency in response to disease and stress 
(24,25). We examined the increase in BG levels based on 
the assumption that because patients who are ready for 
extubation are generally recovering from a critical state, 
their BG levels may be normalizing (decreasing) from 
stress hyperglycemia, if present. However, our study 
also showed that 95.9% of the cohort had increased BG 
levels after receiving prophylactic corticosteroids. This 
potentially implies that prophylactic corticosteroids might 
have exacerbated the condition of glucose intolerance 
or insulin resistance in stress hyperglycemia. Given that 
stress hyperglycemia or hyperglycemia in the ICU may 
be associated with an increased risk of incident diabetes 
and mortality (26), it is crucial to prevent an unnecessary 
increase in BG levels in the ICU. While our analysis 
suggested that the clinically significant increase in BG 
levels was not significantly associated with hyperglycemia 
before the initiation of prophylactic corticosteroids, the 
point estimate of the OR for each subgroup indicates the 
potential risk with wider CIs probably due to the lack of 
power in our study. Thus, clinicians need to be cautious 
about the presence of hyperglycemia following prophylactic 

Table 4 Multivariable logistic regression analysis of primary outcomes

Variable
Within 24 hours after initiating PC (n=247) Within 72 hours after initiating PC (n=241)

OR 95% CI P value OR 95% CI P value

Age ≥60 years 1.95 0.92–4.12 0.082 2.03 1.02–4.04 0.044

Underlying diabetes mellitus 2.65 1.28–5.49 0.009 2.47 1.23–4.96 0.011

Blood glucose level three days before initiating PC

<180 mg/dL Reference Reference

180–359 mg/dL 1.39 0.70–2.77 0.34 1.53 0.81–2.87 0.187

≥360 mg/dL 3.32 0.46–23.84 0.23 6.44 0.63–65.35 0.115

Use of diuretic drugs as of initiating PC 1.42 0.76–2.68 0.27 1.23 0.68–2.23 0.49

OR, odds ratio; PC, prophylactic corticosteroids; CI, confidence interval.

Table 5 Adverse events following initiation of prophylactic 
corticosteroids

Adverse events Incidence (%)

New-onset infection 19 (7.6)

Pneumonia 11

Urinary tract infection 3

Postsurgical meningitis 3

Surgical site infection 1

Infectious pancreatic cyst 1

Sepsis 2 (0.8)

Gastrointestinal bleeding 1 (0.4)

New-onset delirium 18 (7.7)

Exacerbation of delirium 5 (31.3)

Thrombotic events 2 (0.8)

The denominators for the number of patients with new-
onset delirium and exacerbation of delirium were 235 and 16, 
respectively.
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corticosteroid use.
Further, our analysis suggested that older age (≥60 years) 

was associated with a clinically significant increase in BG 
levels within 72 hours after the initiation of prophylactic 
corticosteroids and was non-significantly associated with 
a clinically significant increase in BG levels within 24 
hours after the initiation of prophylactic corticosteroids. 
This finding was similar to a previous study that examined 
the incidence of DM due to corticosteroid use for a short 
period (21). 

Our study found that 93.1% of patients receiving 
prophylactic corticosteroids experienced increased BG levels 
within the first 24 hours of receiving the drugs, whereas 
69.7% experienced a decline in BG levels during the next 
48 hours. We further found that, while the BG levels in 
79.5% of patients who experienced a clinically significant 
BG level increase could drop to the baseline BG levels, the 
duration could be 3 days or longer. These findings indicate 
that, while the majority showed a decline in BG levels after 
prophylactic corticosteroid use, a rise in BG levels for 3 
days or longer would need careful attention. Hence, close 
monitoring of blood glucose levels is encouraged for at least 
3 days after initiating prophylactic corticosteroids.

S y s t e m i c  c o r t i c o s t e r o i d s  c a n  a l s o  s e r v e  a s 
immunosuppressants. Thus, the use of high doses of 
systemic corticosteroids to prevent postextubation airway 
complications may increase the risk of new-onset infections. 
However, systematic reviews of studies about the use of 
systemic corticosteroids for other indications showed 
conflicting results (27-31). In this study, approximately 8% 
of the cohort developed new-onset infections, which was 
higher than the incidence of new-onset infection reported 
by François et al. This emphasizes the need to monitor 
infectious events following prophylactic corticosteroid use.

Upper GI bleeding has been traditionally considered 
as another adverse event of systemic corticosteroids. 
Recent meta-analyses, however, suggested that systemic 
corticosteroids may only slightly increase the incidence of 
clinically significant GI bleeding in critically ill patients, 
with a prevalence of only 2.3–3.5% (30,32). This finding 
is consistent with that in our study, in which only one 
patient (0.4%) had upper GI bleeding, suggesting that 
upper GI bleeding is a rare adverse event of prophylactic 
corticosteroids.

In this  s tudy,  new-onset  del ir ium occurred in 
approximately 8% of patients who received prophylactic 
corticosteroids. However, there is limited evidence 

regarding the relationship between the development of 
delirium and the use of systemic corticosteroids. Previous 
systematic reviews suggested that neuropsychiatric events 
resulting from the use of systemic corticosteroids for 
other indications are rare, with a prevalence of 0.1–5.9% 
(29,30,33). The relatively high incidence of delirium in our 
cohort may be attributed to the fact that the patients were 
heterogeneous in terms of the risk of delirium.

The clinical practice guideline published in 2017 
recommended giving systemic cort icosteroids  to 
mechanically ventilated patients who failed a cuff leak test 
(10,11). Our previous systematic review also suggested that 
prophylactic corticosteroids were only effective in patients 
who failed a cuff leak test (12). Thus, the cuff leak test is 
also necessary for avoiding adverse events resulting from 
prophylactic corticosteroid use. The 2017 guideline also 
recommended administering systemic corticosteroids at 
least 4 hours before extubation. Compared to the study 
by François et al., who initiated methylprednisolone (at a 
cumulative dose of 80 mg) 12 hours before extubation (13),  
Cheng et al. showed that a one-time administration of 
40 mg methylprednisolone 4 hours before extubation 
successfully prevented postextubation airway events (34).  
Cheng et al. did not address adverse events due to 
methylprednisolone use, but it is anticipated that a smaller 
dose of systemic corticosteroids may be associated with 
the decreased incidence of adverse events including 
hyperglycemia. In our study, a clinically significant increase 
in BG levels after initiating prophylactic corticosteroids 
was significantly associated with the presence of underlying 
DM and was potentially associated with hyperglycemia 
before the administration of prophylactic corticosteroids. 
Therefore, to reduce an unnecessary increase in BG levels, 
lower doses of prophylactic corticosteroids need to be 
considered in patients with DM and hyperglycemia. Studies 
to compare these two regimens in terms of adverse events 
are warranted to further support the recommendation of 
the clinical practice guideline.

Our study has some limitations. First, because blood 
glucose levels were not measured continuously or at 
predetermined regular intervals, we might have used 
underestimated values in the analysis. Nevertheless, the 
impact of such limitation could have been minimized by 
the fact that blood glucose levels were examined every 6 
hours in approximately 90% of our cohort, which was the 
routine practice of the participating ICUs. Second, we 
did not consider the severity of underlying DM, because 
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not all patients were assessed for hemoglobin A1c levels 
on admission due to limited insurance coverage. Patients 
with higher hemoglobin A1c levels might have had higher 
blood glucose levels in response to systemic corticosteroid 
use. Third, our follow-up period may be short, although 
our follow-up period of 3 days was longer than that in the 
study by François et al., who followed up their patients 
for only 24 hours after extubation. Thus, we might have 
captured a greater incidence of adverse events associated 
with prophylactic corticosteroid use. We further found 
that the clinically significant increase in BG levels could 
persist for 3 days. However, the long-term adverse effects 
of prophylactic corticosteroids, especially transient 
hyperglycemia, are currently unknown and require further 
study. Fourth, this study did not include a no-treatment 
arm, making it impossible to estimate a causal association 
between corticosteroids and adverse events other than 
hyperglycemia. To our knowledge, however, this study is 
the first to investigate the high incidence of hyperglycemia 
following prophylactic corticosteroid use in the real-world 
setting and to suggest that prophylactic corticosteroids may 
have adverse events.

Conclusions

This study suggested that the use of prophylactic 
corticosteroids before extubation was associated with 
adverse events. A clinically significant increase in BG levels 
was the most common adverse event, with a prevalence 
of 30%. Lower doses of prophylactic corticosteroids may 
need to be considered in patients with diabetes mellitus or 
potential hyperglycemia to avoid adverse events. Further 
study to compare the different regimens of prophylactic 
corticosteroids is also required.
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Table S1 Description on glucose profiles in published randomized controlled trials which examined systemic corticosteroids in critically-ill patients since 2010

Author/year [Registry No.] Inclusion criteria
In-/Exclusion of 
participants with DM

In-/Exclusion of participants with 
baseline hyperglycemia

Definition of hyperglycemia
Description of hyperglycemia as an 
outcome

Abroug 2014 [NCT01353235] Acute exacerbation of COPD 
requiring ventilator support

Included NR hyperglycemic episodes requiring initiation of insulin therapy (corresponding 
to a blood glucose level ≥180 mg/dL in patients without pre-existing 
diabetes) or increase in initial insulin therapy

Described

Alia 2011 [NCT01281748] Acute exacerbation of COPD Included NR Initiation of insulin therapy because of a blood glucose level ≥120 mg/dL in 
patients without DMs or increased doses of insulin in patients with DM

Described

Annane 2018 [NCT00625209] Septic shock NR Included Episodes or days of blood glucose levels ≥150 mg/dL by day 7 Described

Arabi 2010 [ISRCTN99675218] Cirrhosis and septic shock NR NR Severe hyperglycemia: blood glucose levels >180 mg/dL Described

Asehnoune 2014 [NCT01093261] Glucocorticoid insufficiency related 
.to severe traumatic brain injury

Included NR NR NR (There was no description 
though the investigators planned to 
investigate hyperglycemia)

Beardsley 2016 [ISRCTN59144167] HIV-associated cryptococcal 
meningitis

NR NR Blood glucose levels of ≥250 mg/dL Described

Blum 2015 [NCT00973154] Community-acquired pneumonia Included NR Hyperglycemia needing new insulin treatment Described 

Fernandez-Serrano 2011 
[ISRCTN22426306]

Community-acquired pneumonia NR NR NR NR

Gordon 2014 [ISRCTN20769191] Septic shock Included NR NR NR

Gordon 2016 [ISRCTN 20769191] Septic shock Included NR NR NR

Keh 2016 [NCT00670254] Severe sepsis Included NR Blood glucose levels of >150 mg/dL Described

Nafae 2013 [NR] Community-acquired pneumonia NR Included Blood glucose levels of >250 mg/dL Described

Roquilly 2011 [NCT00563303] Multiple trauma Included NR Blood glucose levels of ≥180 mg/dL Described

Sabry 2011 [NCT01228110] Community-acquired pneumonia NR NR NR NR

Tongyoo 2016 [NCT01284452] Severe sepsis/septic shock with 
acute lung injury/acute respiratory 
distress

Included Included Blood glucose levels of >150 mg/dL Described

Torres 2015 [NCT00908713] Severe community-acquired 
pneumonia and high inflammatory 
response

Included NR NR Described

Venkatesh 2018 [NCT01448109] Septic shock NR NR decreased carbohydrate tolerance; increased requirements for insulin or 
oral hypoglycaemic agents in diabetes

Described

Venet 2015 [NCT00149123] Burn NR NR NR NR

Yildiz 2011 [NCT01275638] Sepsis NR NR NR Described

DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease; HIV, human immunodeficiency virus; NR, not reported. 
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