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Ab s t r ac t​
Introduction: Hydrocortisone showed to be effective in reducing the time until reversal of shock when added to standard therapy in managing 
septic shock. Hyperglycemia is one of the common adverse effects associated with corticosteroid treatment. However, the difference in 
hyperglycemia risk with different methods of hydrocortisone administration is not clear. The objective of this study was to evaluate the risk of 
hyperglycemia of intermittent hydrocortisone boluses vs continuous infusion in septic shock patients.
Materials and methods: This was a retrospective observational study. Data were collected from the electronic medical records of eligible patients 
admitted to intensive care units. All patients admitted with septic shock who received noradrenaline and hydrocortisone were included. Only 
patients who exceeded 200 mg/day of hydrocortisone were excluded. The primary outcome was mean blood glucose.
Results: A total of 108 patients (with 3,021 blood glucose readings) were included in the final analysis. Seventy-six patients received hydrocortisone 
as intermittent boluses (70.3%), and 32 patients (29.7%) received continuous infusion. For the primary outcome, no statistically or clinically 
significant difference was found in the blood glucose estimated marginal mean: 8.58 mmol/L (95% confidence interval [CI]; 8.01–9.16) in the 
bolus group and 8.9 mmol/L (95% CI; 7.99–9.82) in the infusion group with a mean difference of 0.32 mmol/L (95% CI; −0.77 to 1.41). For 
secondary outcomes, no difference was found between the two groups in mortality, length of stay, reversal of shock, or hypoglycemic events.
Conclusion: Intermittent boluses of hydrocortisone were not associated with a higher risk of hyperglycemia than continuous infusion in septic 
shock patients.
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In t r o d u c t i o n​
Septic shock is a serious condition associated with a high mortality 
rate, despite advanced diagnostic and therapeutic options.1–3 
Septic shock is a type of vasodilatory shock clinically identified 
by the requirement of vasopressors to keep mean arterial blood 
pressure greater than 65 mm Hg and lactate less than 2 mmol/L in 
the absence of hypovolemia.4

Severe stress conditions may lead to decreased synthesis of 
cortisol. It has been shown that septic shock patients have lower 
levels of cortisol.5 Corticosteroids may be useful, as they counteract 
the uncontrolled inflammatory process that characterizes sepsis 
and restore cardiovascular homeostasis through salt and water 
retention.6 Hydrocortisone showed to be effective in reducing the 
time until reversal of shock when added to standard therapy.7,8

Hyperglycemia is one of the commonly reported adverse side 
effects of corticosteroid treatment.8,9 Cumulative evidence supports 
that hyperglycemia may be associated with a higher incidence 
of mortality in critically ill patients.10,11 Some studies showed a 
higher incidence of hyperglycemia with hydrocortisone given as 
intermittent boluses when compared to continuous infusion.12–14 
However, these studies were conducted on relatively small sample 
sizes.

The latest surviving sepsis campaign guidelines did not 
recommend a specific administration method for hydrocortisone 
due to the lack of enough evidence to prove the association 
between intermittent hydrocortisone boluses and hyperglycemia.15 
The objective of this study was to bridge this gap in the literature 
by evaluating the risk of hyperglycemia of intermittent boluses vs 

continuous infusion of hydrocortisone on a relatively large sample 
size of critically ill patients with septic shock.

Mat e r ia  l s a n d Me t h o d s​
Patients
This was a retrospective cohort observational study conducted in 
two intensive care units (ICUs) (medical and surgical) in Qatar. Data 
were collected retrospectively from the electronic medical records 
of eligible patients admitted to ICUs between June 12, 2015, and 
December 20, 2017.
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Inclusion Criteria
All patients who were admitted to the medical ICU (MICU) or surgical 
ICU (SICU) with septic shock were started on norepinephrine 
(norepinephrine is our first-line vasopressor in treating septic shock) 
and received hydrocortisone either as intermittent boluses or as 
continuous infusion.

Exclusion Criteria
Patients who exceeded 200 mg/day of hydrocortisone.

Data were collected from electronic medical records, including 
age, sex, history of hypertension, diabetes, coronary artery disease, 
chronic kidney disease, chronic respiratory disease and cancer, 
recent use of corticosteroids, source of infection, type of admission 
(surgical or medical), individual parameters of the sequential organ 
failure assessment (SOFA) score, hospital length of stay, ICU length 
of stay, blood glucose readings, and mortality.

Study Outcomes
The primary outcome was mean blood glucose. Secondary efficacy 
outcomes were mortality, duration until reversal of shock (defined 
as the duration of vasopressor therapy), hospital length of stay, and 
ICU length of stay. Secondary safety outcomes were the incidence of 
hypoglycemia, hyperglycemia, and glycemic variability estimated as 
the glucose coefficient of variation (standard deviation/mean × 100). 
All blood glucose values were included in the analysis (either arterial 
or venous whole blood sampling or fingerstick capillary testing).

Statistical Analysis
Baseline characteristics were described as mean with standard 
deviation for continuous variables, median with interquartile range 
for ordinal variables and non-normally distributed continuous 
variables, and frequencies with percentages for categorical 
variables. They were compared using a t test for normal continuous 
variables, a Wilcoxon rank-sum test for ordinal and non-normal 
continuous variables, and a Chi-square test for categorical variables.

To account for multiple blood glucose measurements of the 
glucose levels in each patient, which results in the dependence of 
observations, glycemic control was assessed using a linear mixed 
regression model with an unstructured covariance matrix assuming 
independence between patients. The analysis was adjusted for 
history of diabetes, median baseline glucose level, and chronic 
steroid use as fixed effects and the duration of hydrocortisone 
therapy as a random effect. The estimated marginal means of blood 
glucose and the mean difference between the two groups were 
calculated from the linear mixed model. Mortality was compared 
using multiple logistic regressions with adjustment for baseline 
age, SOFA score, surgical status, and comorbidities (diabetes, 
hypertension, chronic kidney disease, cancer, coronary artery 
disease, and respiratory diseases) with results reported as crude 
odds ratios and adjusted odds ratios with corresponding 95% CIs. 
The incidences of hyperglycemia and hypoglycemia were compared 
using a Chi-square test, hospital length of stay, ICU length of stay, 
and vasopressor therapy were compared using a Wilcoxon rank-sum 
test, and the coefficient of blood glucose variation was compared 
using an independent t test.

All statistical analyzes were performed using the Statistical 
Package for Social Sciences (SPSS) program version 22.0 
(International Business Machines [IBM] SPSS Statistics for Windows; 
IBM Corp, Armonk, New York [NY]). p values <0.05 were considered 
significant.

Re s u lts​
Baseline Characteristics
A total of 108 patients (with 3,021 blood glucose readings) were 
included in the final analysis. Seventy-six (70.3%) patients received 
hydrocortisone as intermittent boluses, and 32 (29.7%) patients 
received continuous infusion (Table 1). All patients in both groups 
received a total of 200 mg/day of hydrocortisone. In the continuous 
infusion group, the patients received 200 mg infused over 24 hours, 
and in the boluses group, the patients received 50 mg every 6 
hours. The mean ages of the infusion and bolus groups were 55 and 
64 years, respectively. Other baseline characteristics were similar 
in both groups except for hypertension, cancer, chronic kidney 
disease, and the number of patients who received corticosteroids 
before admission (Table 1). Additionally, more patients received 
hydrocortisone as intermittent boluses in the MICU (64 patients 
[84.2%]), and more patients received hydrocortisone as infusion in 
the SICU (p values < 0.001). There was no difference between the 
two groups in hydrocortisone duration (Table 1).

Outcomes
For the primary outcome, the blood glucose estimated marginal 
mean was 8.58 mmol/L (95% confidence interval [CI]; 8.01 to 9.16) 
for the bolus group and 8.9 mmol/L (95% CI; 7.99 to 9.82) for the 
infusion group with a mean difference of 0.32 mmol/L (95% CI; −0.77 
to 1.41) (Table 2). For the secondary efficacy outcomes, 52 (68%) of 
76 in the bolus group and 16 (50%) out of 32 in the infusion group 
died with an adjusted odds ratio of 0.62 (0.19–2.04). No statistically 
significant difference was observed between the two groups with 
regard to hospital length of stay, ICU length of stay, or vasopressor 
duration (Table 3). For the secondary safety outcomes, no statistical 
significance was found between the two groups in hyperglycemia, 
hypoglycemia incidence, or glucose coefficient of variation (Table 3).

Di s c u s s i o n​
The objective of this study was to determine the safest administration 
method of hydrocortisone in septic shock patients. In this study, the 
administration of hydrocortisone as intermittent boluses caused 
neither an increase in mean blood glucose nor more hyperglycemic 
events than continuous infusion. The difference between the blood 
glucose means was 0.32 mmol/L more in the bolus group, which 
is not a statistically or clinically significant difference. There were 
no significant differences between the two groups regarding the 
secondary efficacy of safety outcomes. Most of the SICU patients 
received hydrocortisone as infusion, and most of the MICU patients 
received intermittent boluses of hydrocortisone. More patients 
overall received hydrocortisone as intermittent boluses than 
continuous infusion, however, because the MICU admission rate 
in our facility is higher than that of the SICU. This discrepancy in 
practice was one of the triggers to conduct this study.

In a small randomized control trial, Weber-Carstens et al. found 
that hydrocortisone was associated with a significant increase in 
blood glucose readings within 6 hours after bolus doses when 
compared to continuous infusion.12 This study was conducted 
on only 16 patients, and the authors did not report baseline 
characteristics. Another randomized control trial conducted on 48 
patients by Loisa et al. reported that bolus doses of hydrocortisone 
increased the risk of hyperglycemia.13 Despite being statistically 
significant, the results were not clinically significant, as the 
difference in mean blood glucose was only 0.2 mmol/L. Moreover, 
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the baseline comorbidities of the two groups were not mentioned. 
Another notable point in Loisa et al.’s study is that they used a cutoff 
of 7 mmol/L for defining hyperglycemia, although the last surviving 
sepsis guidelines accept up to 10 mmol/L.13 A retrospective cohort 
study by Hoang et al. reported a higher incidence of hyperglycemia 
with intermittent bolus doses of hydrocortisone.14 However, this 
study was conducted on only 51 patients, and the results were 
not adjusted for confounders, such as diabetes. They also noted a 
higher prevalence of diabetic patients in the bolus group, which 
may have affected the results.

In contrast, a recent randomized control trial conducted on 29 
patients by Tilouche et al. found no difference between bolus and 

infusion; however, the sample size was small, and hyperglycemia 
was not the primary outcome.16 Gibbison et al. conducted a meta-
analysis comparing different regimes of steroids in septic shock 
patients including hydrocortisone bolus and infusion, although they 
did not assess the difference in hyperglycemia between different 
regimens due to significant variation in defining hyperglycemia 
between trials.7

This study reports no difference in mortality between the 
two groups. These findings correlate with previous studies 
comparing boluses and continuous infusion.13,14,16 Tilouche et al. 
found that hydrocortisone boluses aided faster reversal of shock 
than continuous infusion,16 but their study showed no significant 

Table 1: Baseline characteristics of patients

Bolus group  
(n = 76)

Infusion group  
(n = 32) p value

Overall  
(n = 108)

Age–years, mean (SD) 64 (24) 55 (33.8) 0.024 63 (28.3)
Male sex, n (%) 47 (61.8) 23 (71.9) 0.319 70 (64.8)
Diabetes mellitus, n (%) 41 (53.9) 12 (37.5) 0.118 53 (49.1)
Hypertension, n (%) 52 (68.4) 13 (40.6) 0.007 65 (60.2)
Cancer, n (%) 17 (22.4) 2 (6.3) 0.045 19 (17.6)
Coronary artery disease, n (%) 33 (43.4) 12 (37.5) 0.569 45 (41.7)
Chronic kidney disease, n (%) 36 (47.4) 4 (12.5) 0.001 40 (37)
Respiratory disorder, n (%) 14 (18.4) 5 (15.6) 0.727 19 (17.6)
On steroids before admission, n (%) 9 (11.6) 0 (0) 0.036 9 (8.3)
Intensive care unit, n (%) <0.001
  Medical 64 (84.2) 16 (50) 80 (74.1)
  Surgical 12 (15.8) 16 (50) 28 (25.9)
Source of infection, n (%) 0.374
  Lung 28 (36.8) 9 (28.1) 37 (34.3)
  Abdomen 6 (7.9) 6 (18.8) 12 (11.1)
  Urinary tract 14 (18.4) 3 (9.4) 17 (15.7)
  Central line-associated 1 (1.3) 1 (3.1) 2 (1.9)
  Skin and soft tissue 8 (10.5) 5 (15.6) 13 (12)
  Other 19 (25) 8 (25) 27 (25)
Etomidate use for intubation, n (%) 17 (22.4) 6 (18.8) 0.675 23 (21.3)
SOFA score, median (IQR) 12 (5) 14 (5) 0.062 13 (4)
PaO2/FiO2 ratio, median (IQR) 224 (208) 178 (186) 0.113 217 (208)
Platelets count–103/μL, median (IQR) 120 (140) 97 (109) 0.08 109 (129.3)
Glasgow coma scale, median (IQR) 8 (11) 6.5 (5) 0.08 7 (7)
Bilirubin–μmol/L, median (IQR) 27 (46.8) 30.5 (43.5) 0.742 29 (46.5)
Creatinine–μmol/L, median (IQR) 232 (185) 198.5 (150.5) 0.321 211 (165)
Hydrocortisone duration–days, mean (SD) 2.46 2.44 0.97 –

IQR, interquartile range; FiO2, fraction of inspired oxygen; PaO2, partial pressure arterial oxygen; SD, standard deviation; SOFA, 
sequential organ failure assessment

Table 2: Primary outcome

Bolus (n = 76) Infusion (n = 31)a
Mean difference, 95% 
confidence interval 

Blood glucose (mmol/L), estimated 
marginal mean

8.58 (8.01–9.16) 8.9 (7.99–9.82) 0.32 (−0.77–1.41)b

aBlood glucose readings were not available for one patient
bAdjusted for diabetes, median baseline glucose, duration of hydrocortisone therapy and previous chronic steroid 
use (using linear mixed model with an unstructured covariance matrix, assuming independence across patients 
with diabetes history, median baseline glucose and chronic steroid use as fixed effects and duration of hydrocorti-
sone therapy as random effect)
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difference in the times until shock reversal between the two groups. 
Although they did discover a trend toward decreased vasopressor 
duration in the bolus group by a median of 0.6 days, it was not 
statistically significant (Table 3).

The strengths of the present study include its relatively 
larger sample size than previous studies addressing the same 
clinical question and the adjustment of the results to baseline 
characteristics (Table 2), as many patient factors other than 
hydrocortisone may affect blood glucose readings. The chief 
limitation, however, is the study’s design. Being retrospective 
rather than prospective might have introduced some bias to the 
results. However, the objective nature of the outcomes and the 
use of electronic medical records may have decreased the risk of 
bias. Another limitation was the use of multiple methods of blood 
glucose measurement (laboratory, blood gases, and point of care). 
We acknowledge that the corresponding readings from these 
methods may slightly differ. However, we believe that including a 
substantially large number of blood glucose values from different 
methods outweighs this limitation.

These findings will facilitate the administration of hydrocortisone 
among different facilities, as practitioners will not require changing 
their administration methods. Additionally, some clinicians may 
prefer to give hydrocortisone as boluses based on the studies, which 
showed that boluses may cause an early reversal of shock and also 
ease administration more than continuous infusion.

Co n c lu s i o n​
In septic shock patients, hydrocortisone given as intermittent 
boluses was not associated with higher risk of hyperglycemia than 
continuous infusion. Larger prospective studies are required to 
confirm these results.
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