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Associations between bolus infusion 
of hydrocortisone, glycemic variability 
and insulin infusion rate variability in critically Ill 
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Abstract 

Background: We retrospectively studied associations between bolus infusion of hydrocortisone and variability of the 
blood glucose level and changes in insulin rates in intensive care unit (ICU) patients.

Methods: ‘Glycemic variability’ and ‘insulin infusion rate variability’ were calculated from and expressed as the stand‑
ard deviation (SD) of all blood glucose levels and insulin infusion rates during stay in the ICU, respectively. Glycemic 
and insulin infusion rate variability in patients who received bolus infusion of hydrocortisone were compared to those 
in patients who never received bolus infusion of hydrocortisone. Multivariate analysis was performed to correct for 
potential covariates including disease severity.

Results: We included 6409 patients over 6 years; of them 962 received bolus infusion of hydrocortisone. Compared 
to patients who never received bolus infusion of hydrocortisone, patients who received hydrocortisone had their 
blood glucose level measured more frequently, had higher glycemic variability; were more frequently treated with 
intravenous insulin and had higher insulin infusion rate variability. The association between hydrocortisone treatment 
and glycemic variability was independent of disease severity, but the effect of hydrocortisone treatment on blood 
glucose variability was less strong in the more severely ill patients. The association between hydrocortisone and insu‑
lin infusion rate variability was also independent of disease severity, and independent of glycemic variability.

Conclusions: Bolus infusion of hydrocortisone is independently associated with higher glycemic variability and 
higher insulin infusion rate variability in ICU patients. Studies are needed to see if continuous infusion of hydrocorti‑
sone prevents higher glycemic variability and higher insulin infusion rate variability.

Keywords: Hydrocortisone, Bolus infusion, Blood glucose control, Glycemic control, Blood glucose variability, Insulin, 
Insulin infusion rate variability
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Background
Low-dose hydrocortisone treatment is an accepted ther-
apy for patients with refractory shock [1]. Bolus infusion 
of hydrocortisone, however, could induce short epi-
sodes of hyperglycemia frequently requiring temporary 

adjustments of the insulin infusion rate in critically ill 
patients [2, 3]. While experienced intensive care unit 
(ICU) nurses usually are capable of preventing large 
swings in the blood glucose level [4], they could be less 
skilled in avoiding hydrocortisone-induced dysglycemia. 
Furthermore, preventing hydrocortisone-induced dys-
glycemia could largely increase nurse labor and costs 
associated with blood glucose monitoring, as temporary 
adjustments of insulin infusion rates could also increase 
the frequency of blood glucose measurements [3, 5]. 
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Notably, glycemic variability is associated with increased 
mortality in critically ill patients [6].

It is unknown to what extent bolus infusion of hydro-
cortisone increases glycemic variability and adjustments 
in insulin infusion rates in patients under moderate gly-
cemic control. Therefore, in a cohort of patients receiv-
ing blood glucose control aiming at blood glucose levels 
between 90 and 144 mg/dL, we tested the two following 
hypotheses: (a) bolus infusion of hydrocortisone is asso-
ciated with glycemic variability, and (b) bolus infusion of 
hydrocortisone is associated with insulin infusion rate 
variability.

Methods
Study design
This was a retrospective cohort study performed in a 
32-bed mixed medical-surgical ICU in a university hos-
pital in the Netherlands (the Academic Medical Center, 
Amsterdam, The Netherlands). The Institutional Review 
Board approved the study protocol and waived the need 
for individual patient consent or ethical approval to col-
lect and analyze data from registries that exclude patient-
identifying information.

Study setting
The ICU was a closed-format unit with patients under 
the direct care of a team of board-certified ICU nurses 
and physicians. The nurse to patient ratio was 1:2. All 
beds were equipped with the MetaVision® patient data 
management system (iMDsoft, Tel Aviv, Israel) in which 
all blood glucose levels and insulin infusion rates were 
stored automatically.

Blood glucose control
The local guideline for moderate blood glucose control 
did not change during the period of data collection, 
and has been described before [7–9]. In short, experi-
enced ICU nurses carefully titrated insulin aiming at 
a blood glucose level between 90 and 144  mg/dL. For 
this, continuous insulin infusion was started when the 
blood glucose level exceeded 144  mg/dL, and adjust-
ments were made following a flow chart (see Addi-
tional file 1). Insulin infusion was stopped, and a bolus 
of 50 mL dextrose 20 % was given when the blood glu-
cose level dropped <63 mg/dL. The flow chart provided 
recommendations regarding timing of follow-up blood 
glucose measurement, which could vary from 20 min to 
4 h. Blood glucose levels were exclusively measured in 
blood samples obtained via an arterial catheter using a 
RapidLab 1265 blood gas analyzer (Siemens Healthcare 
Diagnostics, The Hague, The Netherlands) located in 
the ICU.

Indications for and protocol of hydrocortisone therapy
Indications for bolus infusions of hydrocortisone did not 
change during the period of data collection. ICU physi-
cians prescribed bolus infusion of hydrocortisone in 
patients with refractory shock, defined as shock that was 
non-responsive to fluid resuscitation and poorly respon-
sive to vasopressor therapy. Bolus infusion of hydrocorti-
sone started at 100 mg every 8 h for 1 week, after which it 
was slowly tapered, according to international guidelines 
[10]. Bolus infusion of hydrocortisone was also initiated 
in patients with proven or suspected adrenal insuffi-
ciency, e.g., patients who received longstanding treat-
ment with glucocorticosteroids before ICU admission.

Study population
The study cohort consisted of patients admitted to the 
ICU during a six-year period, lasting from January 2007 
to December 2012. Patients <18  years old, readmitted 
patients and patients who were discharged alive within 
24  h were excluded from the analysis. Furthermore, we 
excluded patients who had their blood glucose level 
measured fewer than three times during the entire stay 
in the ICU. Finally, patients who received treatment with 
glucocorticosteroids other than hydrocortisone, and 
patients who received continuous infusion instead of 
bolus infusion of hydrocortisone were excluded.

Data collected
Blood glucose levels, insulin infusion rates and boluses 
of hydrocortisone were extracted from the patient data 
management system. Demographic data were extracted 
from the National Intensive Care Evaluation (NICE) 
database, a validated database with high quality of data 
maintained by the NICE Foundation [11], including gen-
der, age, length, weight, admission diagnosis, admission 
type, the Acute Physiology and Chronic Health Evalua-
tion (APACHE) II score [12], ICU length of stay, hospital 
length of stay, ICU and hospital mortality.

Primary and secondary endpoints
The primary endpoint was glycemic variability. The sec-
ondary endpoints were the insulin infusion rate vari-
ability and the number of blood glucose measurements 
during stay in ICU. Glycemic variability was calculated 
from and expressed as the SD of all blood glucose lev-
els per patient over the entire stay in ICU, as described 
before [6, 13] and as recommended in the consensus 
guidelines [14]. We chose to use the SD, as this is the 
most frequently used metric for glycemic variability. 
Insulin infusion rate variability was calculated from and 
expressed as the SD of insulin infusion rates per patient 
over the entire stay in ICU.
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Power analysis
We did not perform a power calculation, as this was a 
retrospective observational exploratory analysis. We 
assumed to have sufficient numbers of patients when 
including the whole cohort over a period of 6 years.

Analysis plan
Demographic, blood glucose and insulin metrics were 
summarized and compared between patients who did 
and did not receive a bolus infusion of hydrocortisone 
during ICU admission. Data were compared using the 
Student’s t test, the Mann–Whitney U test or the Chi-
Square test. Statistical significance was considered to be 
at a P value <0.05. When appropriate, statistical uncer-
tainty was expressed by the 95 % confidence levels.

We used univariate and multivariate linear regres-
sion analysis to test whether bolus infusion of hydro-
cortisone was independently associated with increased 
glycemic variability and insulin infusion rate variability. 
For this, glycemic variability was logarithmically trans-
formed (using the natural logarithm) to obtain a more 
normal distribution. We categorized insulin infusion rate 
variability to ‘no insulin infusion rate variability’ (which 
included patients who never received insulin during the 
entire stay in ICU, and patients with fewer than three 
changes in the insulin infusion rate), and the three ter-
tiles of the SD of the insulin infusion rate.

Thus, two separate multivariate models were devel-
oped, one model for glycemic variability and one model 
for insulin infusion rate variability. We first investigated 
if disease severity, expressed as the APACHE II score, 
was a significant interaction term with hydrocortisone. 
We stratified for the APACHE II scores into three groups 
[15, 16], when the P value of the interaction term was 
significant and the model fit improved (based on Akaike 
Information Criterion). The models included variables 
that were established as confounders [17]. A confounder 
was defined as a variable that is not on the casual path 
between hydrocortisone infusion and glycemic or insulin 
variability. Thus, for instance, we did not include vaso-
pressor use as we considered it likely that vasopressor 
use is on the casual path. The following variables were 
tested for confounding: gender, BMI and type of admis-
sion (non-surgical, elective surgery, emergency surgery). 
All these variables met the theoretical criteria for con-
founding because they are (surrogate) causes or risk fac-
tors of outcome; and associated with the exposure (but 
not affected by it) [17].

Correlation between covariates was assessed to investi-
gate collinearity. Pearson correlation coefficients were all 
under 0.5 showing no significant collinearity. The effect 
of covariates on the glucose variability was reported as 
the percentage of change in the glucose variability with 

the confidence interval. The effects of covariates on the 
insulin infusion rate variability were reported as odds 
ratios with the 95 % confidence interval. This odds ratios 
represent the odds of having a high insulin infusion rate 
variability (the highest tertile of the SD) compared to 
having no variability, or a small or moderate insulin infu-
sion rate variability (the lowest and middle tertile of the 
SD), the odds of having moderate and high insulin infu-
sion rate variability versus no or small insulin infusion 
rate variability, and the odds of having small, moderate 
and high insulin infusion variability rate versus having 
no variability. Finally, an ordinal regression was made to 
test if bolus infusion of hydrocortisone, independently of 
glycemic variability, was associated with insulin infusion 
rate variability.

In a post hoc analysis, we used the glycemic lability 
index (GLI) for glycemic variability, as this metric for 
glycemic variability takes into account the time interval 
between measurements [18]. The median GLI per day 
per patient was used in the analysis.

Diabetic status can be a potential confounder, but dia-
betic status was not captured, or captured incompletely, 
in the first 2 years of the cohort. We performed a second 
post hoc analysis, including only patients in whom dia-
betic status was reliably captured.

Analyses were performed using R (version: 3.1.1; R 
Foundation for Statistical Computing, Vienna, Austria).

Results
Patients
Of 11,946 patients 4638 met the exclusion criteria for 
the present analysis (Fig. 1). One hundred eighty patients 
had fewer than three blood glucose measurements avail-
able, necessary to calculate glycemic variability, and 718 
patients received treatment with other glucocorticoster-
oids than hydrocortisone. Continuous infusion of hydro-
cortisone was never used. Table  1 shows demographic 
data of the remaining 6409 patients. Patients treated with 
hydrocortisone were older, more severely ill according to 
APACHE II scores, more often non-surgical patients and 
died more frequently.

Blood glucose metrics and insulin infusion metrics
Hypoglycemia and hyperglycemic measurements were 
more frequently found in patients treated with bolus 
infusions of hydrocortisone (Table 2). Glycemic variabil-
ity was higher in patients who received hydrocortisone. 
The total number of blood glucose measurements dur-
ing stay in ICU, and the median number of blood glu-
cose measurements per day was higher in patients who 
received hydrocortisone.

Patients treated with bolus infusions of hydrocortisone 
were treated with insulin more frequently (Table 3). They 
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received more boluses of insulin, and had more frequent 
adjustments in the insulin infusion rate. Consequently, 
they had higher insulin infusion rate variability.

Univariate and multivariate analyses
Tables  4 and 5 detail the results for the univariate and 
multivariate analyses. For all the three models, APACHE 
II score was a significant interaction term and therefore 
the analysis was stratified per APACHE II score category. 
In all three APACHE II score categories, bolus infusion of 
hydrocortisone was independently associated with higher 
glycemic variability expressed as the SD, though the effect 
was less strong in more severely ill patients.

Patients who received bolus infusion of hydrocortisone 
had higher odds of having higher insulin infusion rate 
variability, independently of confounders. The associa-
tion between bolus infusion of hydrocortisone and insulin 
infusion rate variability remained statistically significant 
when glycemic variability was included as confounder.

Post hoc analyses
In the first post hoc analysis, bolus infusion of hydrocor-
tisone was independently associated with higher GLI in 
the group of patients with APACHE II score between 15 
and 24 (Additional file 1: Table S1). Entering GLI as con-
founder between bolus infusion of hydrocortisone and 

Fig. 1 CONSORT diagram of the study
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Table 1 Patient characteristics

APACHE acute physiology and chronic health evaluation, BMI body mass index, ICU intensive care unit, IQR interquartile range, LOS length of stay

Characteristics Patients who did not receive  
bolus infusion of hydrocortisone  
(N = 5447)

Patients who received bolus  
infusion of hydrocortisone  
(N = 962)

P value Total cohort 
(N = 6409)

Age (years, median [IQR]) 63 [51–73] 65 [55–74] <0.001 63 [52–73]

Male gender [no (%)] 3431 (63.0) 571 (59.4) 0.035 4002 (62.4)

BMI (kg/m2, median [IQR]) 25 [23–28] 25 [23–29] 0.968 25 [23–28]

Admission diagnosis [no (%)] <0.001

 Non‑surgical 2159 (39.6) 542 (56.3) 2701 (42.1)

 Emergency surgery 993 (18.2) 200 (20.8) 1193 (18.6)

 Elective surgery 2295 (42.1) 220 (22.9) 2515 (39.2)

History of diabetes [no (%)]

 Diabetes 550 (14.7) 102 (16.5) 0.281 652 (15.0)

 Non diabetes 3188 (85.3) 517 (83.5) 3705 (85.0)

 Missing values 1709 343 2052

APACHE II scores (median [IQR]) 18 [14–24} 24 [19–30] <0.001 19 [14–25]

SAPS II score 40 [31–52] 55 [44–67] <0.001 42 [32–54]

ICU LOS (days, median [IQR]) 2 [1–4] 6 [3–12] <0.001 3 [2–5]

Hospital LOS (days, median [IQR]) 10 [6–20] 16 [8–36] <0.001 11 [6–22]

ICU mortality [no (%)] 658 (12.1) 306 (31.8) <0.001 961 (15.0)

Hospital mortality [no (%)] 944 (17.3) 391 (40.6) <0.001 1335 (20.8)

Table 2 Blood glucose metrics

IQR interquartile range, IU international units

Patients who did not receive  
bolus infusion of hydrocortisone  
(N = 5447)

Patients who received bolus  
infusion of hydrocortisone  
(N = 962)

P value Total cohort 
(N = 6409)

Number of measurements (median  
[IQR])

20 [13–35] 53 [30–97] <0.001 22 [13–42]

Median number of measurements per 
day (median [IQR])

6 [5–8] 7 [6–9] <0.001 6 [5–8]

Median number of measurements per 
day with hydrocortisone (median  
[IQR])

8 [7–10]

Median number of measurements per 
day without hydrocortisone (median 
[IQR])

6 [4–7]

Mean blood glucose level (mg/dL, 
median [IQR])

136 [125–148] 136 [127–148] 0.043 136 [126–148]

Median blood glucose level (mg/dL, 
median [IQR])

132 [122–144] 132 [123–141] 0.588 132 [123–144]

Standard deviation of blood glucose  
level (mg/dL, median [IQR])

28 [20–39] 35 [26–47] <0.001 29 [21–40]

Glycemic Lability Index  
(mg/dL2/hour/day median [IQR])

942 [371–2236] 1322 [594–2883] <0.001 994 [400–2369]

Maximum blood glucose level  
(mg/dL, median [IQR])

193 [166–234] 231 [193–285] <0.001 198 [169–241]

Minimum blood glucose level  
(mg/dL, median [IQR])

90 [77–101] 70 [56–85] <0.001 88 [74–99]

Mild hypoglycemia, <70 mg/dL (%) 826 (15.2) 451 (46.9) <0.001 1277 (19.9)

Severe hypoglycemia, <40 mg/dL (%) 115 (2.1) 80 (8.3) <0.001 195 (3.0)

Hyperglycemia, >180 mg/dL (%) 3438 (63.1) 824 (85.7) <0.001 4262 (66.5)
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insulin infusion rate variability did not affect the associa-
tion (Additional file 1: Table S2).

In the second post hoc analysis, including only patients 
in whom diabetic status was reliably captured, the asso-
ciation between bolus infusion of hydrocortisone and 
glycemic and insulin variability remained statistically sig-
nificant when diabetic status was included as confounder 
(Additional file 1: Tables S3, S4).

Discussion
The results of this retrospective analysis of blood glu-
cose levels and insulin infusion rates in ICU patients 
under moderate glycemic control show that bolus infu-
sion of hydrocortisone is associated with higher glycemic 
variability and insulin rate variability, more frequent BG 
measurements and a greater need for insulin boluses. 
These associations were independent of several factors, 

Table 3 Insulin metrics

IQR interquartile range, IU international units

Patients who did not receive  
bolus infusion of hydrocortisone  
(N = 5447)

Patients who received infusion 
of hydrocortisone (N = 962)

P value Total cohort 
(N = 6409)

Patients receiving insulin infusion  
[no (%)]

3693 (67.8) 875 (91.0) <0.001 4568 (71.3)

Patients receiving boluses of insulin 
infusion [no (%)]

490 (9.0) 248 (25.8) <0.001 738 (11.5)

Number of insulin rate adjustments 
(median [IQR])

3 [0–8] 17 [6–35] <0.001 4 [0–12]

Median number of insulin rates per  
day (median [IQR])

1 [0–2] 2 [1–3] <0.001 1 [0–2]

Median number of insulin rates per  
day with hydrocortisone (median 
[IQR])

3 [1–4]

Median number of insulin rates  
per day without hydrocortisone 
(median [IQR])

1 [0–2]

Patients in insulin infusion rate vari‑
ability category:

 No insulin infusion rate variability 2494 (45.8) 136 (14.1) 2630 (41.0)

 Small insulin infusion rate variability 887 (16.3) 111 (11.5) 998 (15.6)

 Moderate insulin infusion rate  
variability

1104 (20.3) 260 (27.0) 1364 (21.3)

 High insulin infusion rate variability 962 (17.7) 455 (47.3) 1417 (22.1)

Standard deviation of insulin rate  
(IU/h, median [IQR])

0.6 [0–1.3] 1.6 [0.8–6.2] <0.001 0.7 [0–1.6]

Table 4 Results of univariate and multivariate analysis with glycemic variability

APACHE acute physiology and chronic health evaluation, BMI body mass index, CI confidence interval
a Multivariate model includes the significant confounders Admission Type, and BMI
b Multivariate model includes the significant confounders Admission Type, gender and BMI
c Multivariate model includes the significant confounders Admission Type, and gender

Variable Univariate Multivariate

Percentage of change  
in glycemic variability [95 % CI]

P value Percentage of change 
in glycemic variability [95 % CI]

P value

APACHE II score <15

 Bolus infusion of hydrocortisone 20 [5 – 36] 0.008 23 [8 – 40]a 0.0018

APACHE II score 15–24

 Bolus infusion of hydrocortisone 22 [16 – 29] <0.001 23 [16 – 30]b < 0.001

APACHE II score >24

 Bolus infusion of hydrocortisone 15 [8–21] <0.001 14 [8–20]c < 0.001
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including severity of disease and also diabetic status. One 
salient finding in the present analysis was that the asso-
ciations between bolus infusions of hydrocortisone and 
glycemic variability and insulin infusion rate variability 
were less strong in patients who were more severely ill. 
It could be that the impact of severity of disease on vari-
ability of the blood glucose level and the insulin infusion 
rate is much stronger than the impact of bolus infusions 
of hydrocortisone. This could partly blur the associa-
tions, which we were interested in. Furthermore, when 
GLI was used to express glycemic variability, the inde-
pendent association between bolus infusion and glyce-
mic variability was significant only in patients with an 
APACHE II score between 15 and 24. The GLI takes into 
account the time interval and SD does not, which might 
explain the different results. Still, both measures do not 
capture all glucose excursions, as we were not continu-
ously measuring the glucose level and thereby missing, by 
definition, blood glucose excursions between two glucose 
measurements.

We chose to develop a metric for insulin infusion rate 
variability, a new metric, based on the standard devia-
tion similar to the one we used for glycemic variability. It 
should be noticed that insulin infusion rate variability may 
not reflect changes in insulin resistance or insulin sensitiv-
ity, but it could be a measure indicating changes in nursing 
workload. This was exactly the reason for developing this 
new metric, as most other metrics in the domain of blood 
glucose control do not consider workload by nurses. The 
number of measurements per day was considered before 
as measure indicating the nursing workload [3]. However, 
it is not only the blood glucose measurements which is 
time consuming, also the interpretation of the blood glu-
cose measurement and the change in the insulin infusion 
pump takes time. In addition, trained nurses are necessary 
to perform the blood glucose control or when available 
decision support could be used.

The results are, at least in part, in line with those 
from several previous studies. First, in a randomized 

controlled study in cardiac surgery patients, peropera-
tive treatment with dexamethasone was associated with 
elevated blood glucose levels for as long as 15  h after 
surgery, requiring more intensive treatment with insu-
lin [19]. In addition, in a double-blind placebo-con-
trolled randomized study, it was shown that treatment 
with methylprednisolone was associated with higher 
blood glucose levels and higher daily insulin doses in 
patients with COPD exacerbation needing mechani-
cal ventilation [20]. Interestingly, a recent randomized 
study comparing bolus infusion with continuous infu-
sion of hydrocortisone in septic shock patients showed 
no differences in the mean blood glucose level, but more 
hyperglycemic events and more frequent changes in the 
insulin infusion rate were found in patients receiving 
bolus infusion of hydrocortisone [3]. Higher glycemic 
variability was found in patients treated with hydrocor-
tisone, although the difference with patients not treated 
with hydrocortisone remained statistically insignificant, 
probably due to the small sample size of fewer than 50 
patients. Furthermore, the dosing regimen was differ-
ent as they used a dose of 50 mg every 6 h opposed to 
our regimen of 100  mg hydrocortisone every 8  h. It is 
possible that the higher doses of hydrocortisone in the 
present study result in greater glucose variability and 
this might be the reason why we did find an independ-
ent association. Our investigation confirms the results of 
the randomized controlled trial [3] that bolus infusion 
of hydrocortisone indeed influences glycemic variability 
and insulin infusion dosing.

It was a practice to infuse a bolus of hydrocortisone 
every 8 h, and because of its relatively short half-life time 
of 90 min, we could have expected large swings in blood 
glucose levels and or insulin infusion rates with this 
treatment, depending on how the local guideline of glu-
cose control allowed changes in the insulin infusion rate. 
We were specifically interested in associations between 
hydrocortisone therapy and glycemic variability, as gly-
cemic variability is considered as one of the domains 

Table 5 Results of univariate and multivariate analysis with insulin infusion rate variability

APACHE acute physiology and chronic health evaluation, BMI body mass index, CI confidence interval
a Multivariate model includes the significant confounder BMI

Variable Univariate Multivariate Multivariate including glycemic 
variability

Odds ratio [95 % CI] Odds ratio [95 % CI] Odds ratio [95 % CI]

APACHE II score <15

 Bolus infusion of hydrocortisone 3.8 [2.4–6.0] 4.2 [2.6–6.7]a 4.1 [2.5–6.7]

APACHE II score 15–24

 Bolus infusion of hydrocortisone 4.0 [3.3–4.9] 4.0 [3.3–4.9] 3.6 [2.9–4.4]

APACHE II score >24

 Bolus infusion of hydrocortisone 3.1 [2.6–3.7] 3.1 [2.6–3.7] 3.1 [2.5–3.7]
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for quality of blood glucose control and associated with 
mortality [6, 21]. Previous studies investigating the effect 
of bolus hydrocortisone on the blood glucose levels in 
septic shock patients focused on hyperglycemia and not 
glycemic variability [2, 3, 22]. We are the first to show 
an independent association between bolus infusion of 
hydrocortisone and glycemic variability in a large cohort 
of critically ill patients, though the question remains 
whether prevention of bolus infusion of hydrocortisone-
induced dysglycemia is beneficial. One randomized con-
trolled trial comparing strict blood glucose control with 
conventional blood glucose control in patients receiving 
low-dose hydrocortisone for refractory shock did not 
find clinical benefit from prevention of bolus infusion of 
hydrocortisone-induced dysglycemia [22]. Notably, this 
trial did not report metrics of glycemic variability, mak-
ing it impossible to see whether the intervention in that 
trial truly influenced glycemic variability. Future stud-
ies are necessary to determine whether it is possible to 
prevent hydrocortisone-induced glycemic variability, and 
if so whether this improves outcome. There could be a 
role for continuous glucose monitoring devices that are 
now slowly entering the market, but this certainly needs 
confirmation in future studies as well. Notably, a recent 
retrospective study showed that use of subcutaneous 
continuous glucose monitoring was not associated with 
lower glycemic variability in critically ill patients [23].

The results of the present study clearly show that action 
was required upon hydrocortisone-induced glycemic var-
iability, as the total number of blood glucose level meas-
urements were almost three times as many as in patients 
not receiving hydrocortisone treatment. Furthermore, 
adjustments of the insulin infusion rate occurred much 
more often. While we could not perform a cost analy-
sis, it is clear that costs associated with blood glucose 
monitoring and adjustments of the insulin infusion rate 
in patients treated with hydrocortisone exceed those in 
patients not receiving hydrocortisone. Several studies 
show that continuous infusion of hydrocortisone is asso-
ciated with a less steep rise of the blood glucose level 
than bolus infusion of hydrocortisone [2, 3]. This suggests 
that continuous infusion of hydrocortisone may need less 
frequent blood glucose measurements and adjustments 
of the insulin infusion rate. However, we should bear in 
mind that continuous infusion of hydrocortisone comes 
at a price: it may need an additional lumen of a cen-
tral line or an extra peripheral venous access, but most 
important it mandates, often expensive, syringe pumps.

Strengths of this study include the large cohort of 
patients and blood glucose levels without any change in 
the local guidelines for blood glucose control or indica-
tion for bolus infusion of hydrocortisone. Furthermore, 
the target of the guideline for blood glucose control is 

a commonly used target in other hospitals, increasing 
generalizability of the results. Weaknesses of the pre-
sent study include its retrospective design. Therefore, 
the data cannot support any causal relationship between 
steroid treatment and glycemic or insulin variability. In 
addition, patients receiving boluses of hydrocortisone in 
the study cohort were almost without exception suffer-
ing from septic shock, while most patients not receiv-
ing boluses of hydrocortisone were not. Thus, one 
could argue that differences in blood glucose variability 
between the two patient groups were simply reflecting 
differences induced by septic shock. Important in this 
context is that sepsis may be associated with increased 
glycemic variability [24]. Indeed, patients with sep-
tic shock have increased insulin resistance [25], as also 
suggested by the other metrics of blood glucose control 
in our study. However, while insulin resistance is sug-
gested to be dependent on disease severity [25], this 
was not confirmed here as the effect of hydrocortisone 
treatment on blood glucose variability was independent 
of APACHE II scores. The finding that the associations 
were less strong in more severely ill patients may have 
been caused by already high blood glucose variability in 
these patients. Finally, results could have been different 
when glucocorticosteroids other than hydrocortisone 
would have been used because half-life times and gluco-
corticoid effects differ between various glucocorticoster-
oids agents.

There are several measures to calculate the glycemic 
variability. We used two measures and found that the 
association was only significant for both measures in the 
group of patients with APACHE II score between 15 and 
24. It is possible the results will be different when using 
other measures for glycemic variability [6, 23].

One other major limitation of our analysis is that the 
frequency of the blood glucose level measurements 
affects the SD of the blood glucose level [13]. Never-
theless, in previous investigations, glycemic variabil-
ity remained independently associated with increased 
mortality [6]. Other limitations of this study are its lack 
of data regarding nutritional support and corticosteroid 
usage before ICU admission.

Conclusions
Bolus infusion of hydrocortisone is independently asso-
ciated with increased glycemic variability and increased 
insulin infusion rate variability in ICU patients under gly-
cemic control aiming at blood glucose levels between 90 
and 144 mg/dL. Additional studies are needed to inves-
tigate if the found associations have an affect on mortal-
ity and if continuous infusion of hydrocortisone prevents 
increased blood glucose variability and insulin infusion 
rate variability.



Page 9 of 9van Hooijdonk et al. Ann. Intensive Care  (2015) 5:34 

Abbreviations
APACHE II score: Acute physiology age and chronic health II score; BMI: Body 
mass index; ICU: Intensive care unit; IQR: Interquartile range; IU: International 
units; LOS: Length of stay; NICE: National intensive care evaluation; SAPS–II: 
Simplified acute physiology score II; SD: Standard deviation.

Authors’ contributions
Study concept and design: RTMH, JMB, MJS. Acquisition of data: RTMH and 
JMB. Analysis and interpretation of data: RTMH, JMB, LDJB and MJS. Drafting of 
the manuscript: RTMH, MJS. Critical revision of the manuscript for important 
intellectual content: RTMH, JMB, LDJB, JH, NPJ, AAH, and MJS. All authors read 
and approved the manuscript.

Author details
1 Department of Intensive Care Medicine, Academic Medical Center, University 
of Amsterdam, Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands. 2 Labo‑
ratory of Experimental Intensive Care and Anesthesiology (L·E·I·C·A), Aca‑
demic Medical Center, University of Amsterdam, Amsterdam, The Netherlands. 
3 Department of Medical Informatics, Academic Medical Center, University 
of Amsterdam, Amsterdam, The Netherlands. 

Acknowledgements
We express our gratitude to Mark de Jong, who exported all data from the 
patient data monitoring system and to Hendrik J. F. Helmerhorst for his helpful 
comments on the ordinal model.

Competing interests
Roosmarijn T. M. van Hooijdonk reported consulting work for Medtronic Inc., 
GlySure Ltd and research support from Medtronic Inc and Optiscan Biomedi‑
cal—all fees and financial supports were paid to the institution. Marcus J. 
Schultz reported receiving consultant fees from Medtronic Inc., GlySure Ltd., 
Edwards Life Sciences and Roche Diagnostics and financial support from 
Medtronic Inc. and OptiScan Biomedical—all fees and financial supports 
were paid to the institution. Jan M. Binnekade, Lieuwe D. J. Bos, Janneke Horn, 
Nicole P. Juffermans, Ameen Abu–Hanna reported no relevant disclosures.

Received: 30 July 2015   Accepted: 20 October 2015

References
 1. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, 

Sevransky JE, Sprung CL, Douglas IS, Jaeschke R, Osborn TM, Nunnally 
ME, Townsend SR, Reinhart K, Kleinpell RM, Angus DC, Deutschman 
CS, Machado FR, Rubenfeld GD, Webb S, Beale RJ, Vincent J‑L, Moreno 
R. Surviving sepsis campaign: international guidelines for manage‑
ment of severe sepsis and septic shock, 2012. Intensive Care Med. 
2013;39:165–228.

 2. Weber‑Carstens S, Deja M, Bercker S, Dimroth A, Ahlers O, Kaisers U, Keh 
D. Impact of bolus application of low‑dose hydrocortisone on glycemic 
control in septic shock patients. Intensive Care Med. 2007;33:730–3.

 3. Loisa P, Parviainen I, Tenhunen J, Hovilehto S, Ruokonen E. Effect of mode 
of hydrocortisone administration on glycemic control in patients with 
septic shock: a prospective randomized trial. Crit Care. 2007;11:R21.

 4. Schultz MJ, Harmsen RE, Spronk PE. Clinical review: strict or loose glyce‑
mic control in critically ill patients–implementing best available evidence 
from randomized controlled trials. Crit Care. 2010;14:223.

 5. Rady MY, Johnson DJ, Patel B, Larson J, Helmers R. Corticosteroids 
influence the mortality and morbidity of acute critical illness. Crit Care. 
2006;10:R101.

 6. Mackenzie IMJ, Whitehouse T, Nightingale PG. The metrics of glycaemic 
control in critical care. Intensive Care Med. 2011;37:435–43.

Additional files

Additional file 1. Flow chart for blood glucose control and Tables S1–S4 
containing the results for the post hoc analysis.

 7. Eslami S, de Keizer NF, Dongelmans DA, de Jonge E, Schultz MJ, Abu‑
Hanna A. Effects of two different levels of computerized decision support 
on blood glucose regulation in critically ill patients. Int J Med Inform. 
2012;81:53–60.

 8. van Hooijdonk RT, Winters T, Fischer JC, van Dongen‑Lases EC, Krinsley JS, 
Preiser J‑C, Schultz MJ. Accuracy and limitations of continuous glucose 
monitoring using spectroscopy in critically ill patients. Ann Intensive 
Care. 2014;4:8.

 9. van Hooijdonk RT, Leopold JH, Winters T, Binnekade JM, Juffermans NP, 
Horn J, Fischer JC, van Dongen–Lases EC, Schultz MJ. Point accuracy and 
reliability of an interstitial continuous glucose monitoring device in criti‑
cally ill patients: a prospective study. Crit Care. 2015;19.

 10. Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen J, Gea‑
Banacloche J, Keh D, Marshall JC, Parker MM, Ramsay G, Zimmerman 
JL, Vincent J‑L, Levy MM. Surviving Sepsis Campaign guidelines for 
management of severe sepsis and septic shock. Intensive Care Med. 
2004;30:536–55.

 11. Arts D, de Keizer N, Scheffer G‑J, de Jonge E. Quality of data collected for 
severity of illness scores in the Dutch National Intensive Care Evaluation 
(NICE) registry. Intensive Care Med. 2002;28:656–9.

 12. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of 
disease classification system. Crit Care Med. 1985;13:818–29.

 13. Eslami S, Taherzadeh Z, Schultz MJ, Abu‑Hanna A. Glucose variability 
measures and their effect on mortality: a systematic review. Intensive 
Care Med. 2011;37:583–93.

 14. Finfer S, Wernerman J, Preiser J‑C, Cass T, Desaive T, Hovorka R, Joseph JI, 
Kosiborod M, Krinsley J, Mackenzie I, Mesotten D, Schultz MJ, Scott MG, 
Slingerland R, Van den Berghe G, Van Herpe T. Clinical review: consensus 
recommendations on measurement of blood glucose and reporting 
glycemic control in critically ill adults. Crit Care. 2013;17:229.

 15. Krinsley JS. Association between hyperglycemia and increased hospital 
mortality in a heterogeneous population of critically ill patients. Mayo 
Clin Proc. 2003;78:1471–8.

 16. Krinsley JS, Schultz MJ, Spronk PE, Harmsen RE, van Braam Houckgeest 
F, van der Sluijs JP, Mélot C, Preiser JC. Mild hypoglycemia is indepen‑
dently associated with increased mortality in the critically ill. Crit Care. 
2011;15:R173.

 17. McNamee R. Confounding and confounders. Occup Environ Med. 
2003;60:227–34.

 18. Ali NA, O’Brien JM, Dungan K, Phillips G, Marsh CB, Lemeshow S, Connors 
AF, Preiser J‑C. Glucose variability and mortality in patients with sepsis. 
Crit Care Med. 2008;36:2316–21.

 19. Ottens TH, Nijsten MW, Hofland J, Dieleman JM, Hoekstra M, van Dijk D, 
van der Maaten JM. Effect of high‑dose dexamethasone on perioperative 
lactate levels and glucose control: a randomized controlled trial. Crit Care. 
2015;19.

 20. Alía I, de la Cal MA, Esteban A, Abella A, Ferrer R, Molina FJ, Torres A, Gordo 
F, Elizalde JJ, de Pablo R, Huete A, Anzueto A. Efficacy of corticosteroid 
therapy in patients with an acute exacerbation of chronic obstructive 
pulmonary disease receiving ventilatory support. Arch Intern Med. 
2011;171:1939–46.

 21. Krinsley JS, Egi M, Kiss A, Devendra AN, Schuetz P, Maurer PM, Schultz MJ, 
van Hooijdonk RTM, Kiyoshi M, Mackenzie IMJ, Annane D, Stow P, Nas‑
raway SA, Holewinski S, Holzinger U, Preiser J‑C, Vincent J‑L, Bellomo R. 
Diabetic status and the relation of the three domains of glycemic control 
to mortality in critically ill patients: an international multicenter cohort 
study. Crit Care. 2013;17:R37.

 22. Annane D, Cariou A, Maxime V, Azoulay E, D’honneur G, Timsit JF, 
Cohen Y, Wolf M, Fartoukh M, Adrie C, Santré C, Bollaert PE, Mathonet A, 
Amathieu R, Tabah A, Clec’h C, Mayaux J, Lejeune J, Chevret S. Corticos‑
teroid treatment and intensive insulin therapy for septic shock in adults: a 
randomized controlled trial. JAMA. 2010;303:341–8.

 23. Brunner R, Adelsmayr G, Herkner H, Madl C, Holzinger U. Glycemic vari‑
ability and glucose complexity in critically ill patients : a retrospective 
analysis of continuous glucose monitoring data. Crit Care. 2012;16:R175.

 24. Donati A, Damiani E, Domizi R, Botticelli L, Castagnani R, Gabbanelli V, 
Nataloni S, Carsetti A, Scorcella C, Adrario E, Pelaia P, Preiser J‑C. Glycaemic 
variability, infections and mortality in a medical‑surgical intensive care 
unit. Crit Care Resusc. 2014;16:13–23.

 25. Van den Berghe G. How does blood glucose control with insulin save 
lives in intensive care? J Clin Invest. 2004;114:1187–95.

http://dx.doi.org/10.1186/s13613-015-0077-5

	Associations between bolus infusion of hydrocortisone, glycemic variability and insulin infusion rate variability in critically Ill patients under moderate glycemic control
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Study setting
	Blood glucose control
	Indications for and protocol of hydrocortisone therapy
	Study population
	Data collected
	Primary and secondary endpoints
	Power analysis
	Analysis plan

	Results
	Patients
	Blood glucose metrics and insulin infusion metrics
	Univariate and multivariate analyses
	Post hoc analyses

	Discussion
	Conclusions
	Authors’ contributions
	References




