Anaesth Crit Care Pain Med 43 (2024) 101435

Contents lists available at ScienceDirect

Anaesthesia Critical Care & Pain Medicine

journal homepage: www.elsevier.com

Original Article

Rapid uptake of adjunctive corticosteroids for critically ill adults with
septic shock following publication of ADRENAL trial. A multicenter,
retrospective analysis of prescribing practices in Queensland Intensive
Care Units

Kyle C. White **“%*, Anis Chaba ®', Jason Meyer ¢, Mahesh Ramanan “*#", Alexis Tabah “",
Antony G. Attokaran®/, Aashish Kumar¥, James McCullough "™, Kiran Shekar %",
Peter Garrett "°, Philippa Mcllroy P, Siva Senthuran %, Stephen Luke %, Kevin B. Laupland “¢

on behalf of the Queensland Critical Care Research Network (QCCRN)!

2 Intensive Care Unit, Princess Alexandra Hospital, Woolloongabba, QLD, Australia

b Intensive Care Unit, Queen Elizabeth II Jubilee Hospital, Coopers Plains, QLD, Australia

€School of Clinical Sciences, Faculty of Health, Queensland University of Technology, Brishane, QLD, Australia

4 Mayne Academy of Critical Care, Faculty of Medicine, University of Queensland, St Lucia, QLD, Australia

€ Department of Intensive Care, Austin Hospital, Heidelberg, VIC, Australia

f Australian and New Zealand Intensive Care Research Centre (ANZIC-RC), School of Public Health and Preventive Medicine, Monash University, Melbourne,

Check for
updates

VIC, Australia

& Intensive Care Services, Royal Brisbane and Women’s Hospital, Herston, QLD, Australia
" Intensive Care Unit, Caboolture Hospital, Caboolture, QLD, Australia

Intensive Care Unit, Redcliffe Hospital, Redcliffe, QLD, Australia

I Intensive Care Unit, Rockhampton Hospital, The Range, QLD, Australia

K Intensive Care Unit, Logan Hospital, Logan, QLD, Australia

!School of Medicine and Dentistry, Griffith University, Mount Gravatt, QLD, Australia
™ Intensive Care Unit, Gold Coast University Hospital, Southport, QLD, Australia

" Adult Intensive Care Services, The Prince Charles Hospital, Chermside, QLD, Australia
°Intensive Care Unit, Sunshine Coast University Hospital, Birtinya, QLD, Australia

P Intensive Care Unit, Cairns Hospital, Cairns, QLD, Australia

9 College of Medicine and Dentistry, James Cook University, Townsville, QLD, Australia
"Intensive Care Unit, Townsville Hospital, Townsville, QLD, Australia

® Intensive Care Services, Mackay Base Hospital, Mackay, QLD, Australia

ARTICLE INFO

Article history:
Available online 5 October 2024

Keywords:
Septic shock hydrocortisone ADRENAL trial
critical care

* Corresponding author.

ABSTRACT

Background: Septic shock is common and associated with significant morbidity and mortality. The
ADRENAL trial examined the use of hydrocortisone in patients with septic shock, demonstrating no
difference in patient-centred outcomes but a decrease in the time to shock resolution. The change in
clinical practice related to the publication of the ADRENAL trial is currently unknown.

Methods: A retrospective cohort study examining the use of hydrocortisone in patients with septic shock
was conducted in 12 intensive care units (ICUs). A segmented linear regression was performed to
identify a stepwise change in hydrocortisone administration and 90-day mortality associated with the
publication of the ADRENAL trial.

Results: We included 4,198 patients with a mean age of 58 years (standard deviation, SD17), and the
median noradrenaline equivalent score (NEE) was 0.07 pg/kg/min (IQR 0.02-0.17). Segmented
regression analysis for hydrocortisone administration identified two breakpoints, 3 months before
and 6 months after publication, leading to three periods: Pre-publication, Transition, and Post-
publication. Compared to the pre-publication period, the Transition and Post-publication cohorts had a
higher proportion of hydrocortisone administration (28% vs. 34% vs. 43%; p < 0.0001). Furthermore, after
adjustment for temporal change, the transition period had a significant change in the slope of the
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proportion of patients receiving hydrocortisone (—0.1% per month vs. +1.4% per month; p = 0.026),
whereas this was not statistically significant during the post-publication period (+0.1% per month, p =
0.66). After adjusting for confounders, the Transition and Post-publication periods were independently
associated with an increase in hydrocortisone (OR 1.4, 95% CI 1.14-1.77; p = 0.0015 and OR 2.03; 95% CI
1.74-2.36; p < 0.001, respectively). Furthermore, after adjusting for confounders, when compared to the
Pre-transition period, the use of hydrocortisone was associated with a statistically significant decrease in
90-day mortality (14% vs. 24% absolute difference, aHR for hydrocortisone effect —0.81; 95% CI 0.65-

0.99; p = 0.044).

Conclusion: Publication of the ADRENAL trial changed clinical practice in Queensland ICUs with increased
prescription of hydrocortisone for patients with septic shock with an associated reduction in mortality.
© 2024 The Authors. Published by Elsevier Masson SAS on behalf of Société francaise d’anesthésie et de

réanimation (Sfar). This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Key Points

e Analysed the change in hydrocortisone administration in nearly
5,000 patients with septic shock in relation to the publication of
the ADRENAL trial.

e The proportion of patients with septic shock receiving IV
hydrocortisone increased over time.

e Despite the increase over time, as of the study’s end date, less
than half of patients with septic shock received IV hydrocorti-
sone.

o After adjusting for the severity of illness, hydrocortisone use
significantly reduced ICU length of stay and 90-day mortality.

Introduction

Sepsis and septic shock are critical conditions that continue to
pose significant challenges in intensive care units (ICUs) world-
wide [1,2]. These life-threatening syndromes are believed to result
from an inappropriate host response to infection, leading to organ
dysfunction [1,2]. Morbidity and mortality associated with sepsis
and septic shock are profound, impacting both patients and
healthcare systems [3,4]. Moreover, the incidence of septic shock is
increasing in Europe [5].

The ADRENAL trial, a pivotal study in the field of sepsis
management, investigated the use of steroids in patients with
septic shock [6]. This multicenter, randomised, controlled trial
evaluated the impact of hydrocortisone therapy on mortality and
other clinical outcomes. The trial results revealed that early
administration of low-dose hydrocortisone did not significantly
reduce mortality rates in septic shock patients. However, it
demonstrated a decrease in the duration of shock, suggesting
steroid therapy may be a key component of a multimodal
treatment strategy in septic shock [7].

Implementing clinical trials into practice is pivotal in bridging
the gap between research findings and improved patient care
[8,9]. Clinical trials generate valuable evidence regarding treat-
ment efficacy, safety, and outcomes. However, this knowledge
remains dormant unless effectively integrated into real-world
clinical settings [8,10,11]. In critical care, where timely decisions
impact patient survival, the absence of dedicated implementation
work poses a significant challenge. Despite robust trial results,
such as the ADRENAL trial, their translation into clinical practice
remains an unmet need.

The primary objective of our research was to investigate the
utilisation patterns of steroids in patients with septic shock in
relation to the dissemination and publication of the ADRENAL trial
results. We hypothesised that the ADRENAL trial publication may
have influenced clinicians’ decision-making processes, resulting in
a rise in the prescription of steroids for septic shock treatment.

Methods
Study design and sites

We conducted a multicentre, retrospective cohort study of
routinely collected electronic medical record (EMR)-based clinical
data. The study evaluated patients between January 1st, 2015, and
December 31st, 2021, from 12 closed-model, mixed (medical and
surgical) ICUs in Queensland, Australia. The included ICUs were
composed of 5 tertiary, 3 outer metropolitan, and 4 regional ICUs.

Data sources

Data was collected from all centres using eCritical MetaVi-
sionTM (iMDsoft, Boston, MA, USA) clinical information systems
[12-15] and the ANZICS CORE Adult Patient Database (APD) [16-
19]. The data included daily laboratory reports, medications,
microbiology, haemodynamics, fluid balance, patient demogra-
phics, diagnoses, severity of illness, and outcomes. Primary and
secondary diagnoses, from the International Classification of
Diseases 10 Australia Modification (ICD-10-AM) codes, as well
as mortality data, were collected from the Queensland Hospital
Admitted Patient Data Collection (QHAPDC) [20-22] and
Queensland Births, Deaths, and Marriage Registry [23,24], respec-
tively. As previously published, the amount of missing data for key
variables in the dataset was very low [12]. Admission diagnoses
were categorised to optimise data accuracy and interpretability
(Supplementary Methods, Table S1). The Charlson-defined co-
morbidities and index were calculated from the ICD-10 codes
(Supplementary Methods, Table S2) [25,26]. The noradrenaline
formulation, noradrenaline bitartrate, was used at all sites during
the study period [27]. The conversion of vasopressor dosage to
noradrenaline equivalent and calculation of vasoactive inotrope
score was carried out as per protocol (Supplementary Methods,
Table S3 and S4) [28].

Patient inclusion and exclusion

All patients with retrievable and linked electronic medical
records were evaluated for the inclusion and exclusion criteria.
Most study sites recruited participants for the ADRENAL trial.
Therefore, a sensitivity analysis was conducted, excluding patients
admitted during recruitment dates for each study site.

Patients were included if their age was equal to or greater than
18 years of age at the time of ICU admission, had a diagnosis of
septic shock, and were mechanically ventilated. Sepsis and septic
shock were defined as per the SEPSIS-3 criteria [1]. Sepsis was
electronically defined as an increase in SOFA score by two points
and the administration, or escalation, of antimicrobial therapy
along with microbiological sampling. Septic shock was determined
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in patients with sepsis who required vasopressor therapy and had a
lactate measurement >2 mmol/L. The method for electronic
identification of sepsis and septic shock is based on previously
published methods [12,29].

As per ADRENAL trial exclusion criteria, patients were excluded
if admitted for palliative care or received amphotericin during their
admission. In addition, patients transferred from another ICU,
regardless of sepsis diagnosis, were excluded.

Identification of steroid administration

Medication administration was assessed for every day of ICU
admission. Patients were considered to have received hydrocorti-
sone for septic shock if administered within one day of septic shock
diagnosis. In addition, fludrocortisone and other steroid adminis-
tration were assessed using the same criteria.

The use of other steroids was also determined from the
medications administered. All enteral and parenteral steroids,
other than hydrocortisone and fludrocortisone, were assessed. This
included: intravenous (IV) methylprednisolone, IV dexametha-
sone, enteral (PO) cortisone, PO hydrocortisone, and PO predniso-
lone.

Outcomes

The primary outcome of the study was the proportion of
patients with septic shock who received hydrocortisone, in relation
to the publication of the ADRENAL trial. The secondary outcome
was all-cause 90-day mortality. Additional secondary outcomes
days alive without vasopressors at day 30, days alive without
invasive mechanical ventilation at day 30, length of stay in ICU and
hospital, and mortality. A control outcome was the proportion of
patients with septic shock who received continuous renal
replacement therapy (CRRT) concerning the publication of the
ADRENAL trial.

Statistical analysis

Descriptive statistics were expressed as frequencies and
proportions for categorical variables and means with standard
deviations or medians with interquartile ranges (IQR) depending
on their parametric or non-parametric distribution, respectively.
Pearson’s Chi-squared test or Fisher’s exact test was used to
compare categorical variables. The Wilcoxon rank sum test was
used to compare skewed continuous variables.

For each outcome of interest, a Davies test was performed to
assess for a non-zero difference in slope over time. If significant, a
segmented linear regression model, with data aggregated at a
monthly level, was developed to examine outcome change over
time. Segmented regression was used to evaluate whether there
was a stepwise change in the value of each outcome of interest
associated with the publication of the ADRENAL trial and whether
there was a difference in the slope or rate of change over time. The
associations between outcomes over time and two prespecified
subgroups were performed. These subgroups were the ICU type,
tertiary, outer metropolitan, and regional, and vasopressors dose,
above or below the median noradrenaline equivalent dose (NEE) at
the time of diagnosis of septic shock. To determine if hydrocortisone
administration differed between the subgroups, the proportion of
patients receiving hydrocortisone was analyzed using hierarchical
mixed modelling with fitting of main effects for the period and
subgroup and interaction between the two. Furthermore, a
multivariable logistic regression was performed to determine
which variables were associated with the primary outcomes.
Variables were chosen a priori for the model based on available data
and clinical significance as adjudicated by the investigators.
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For secondary outcomes, the groups were categorized by a
modified Pre-publication period, which includes Pre-publication
and Transition periods, and unmodified Post-publication status, to
facilitate comparison between groups. A multivariable Cox
proportional hazards model was fitted to assess risk factors
associated with 90-day mortality. Multivariable logistic and
quantile regression models were used to assess risk factors
associated with categorical and the median of continuous
outcomes, respectively. Variables included were selected based
on the full pre-specification method. According to the model, data
are reported as hazard ratio (HR), odds ratio (OR), or 3 estimate
together with a 95% confidence interval (95% CI). A two-sided p-
value of <0.05 was chosen to indicate statistical significance.
Statistical analyses were performed using R v.4.0.3.

Ethical considerations

This study was approved by the Metro South Hospital and
Health Service Human Research Ethics Committee (HREC/2022/
QMS/82024) with an individual waiver of consent granted.

Results
Patient inclusion

From January 1st, 2015, and December 31st, 2021, there were
7,767 adult admissions to one of the 12 participating centres with
septic shock. Of these, 145 were excluded for receiving amphoter-
icin during their admission, and 2,269 were excluded for not
requiring invasive mechanical ventilation, leaving 4,198 for
inclusion in the main analysis. Of these, 3,178 patients were
admitted outside of ADRENAL recruitment dates and analysed in a
sensitivity analysis.

Patient characteristics

For the entire cohort, the mean age was 58 years (SD 17), and
the mean Charlson co-morbidity index was 4 (SD 3). The most
common co-morbidity was congestive heart failure (750; 18%),
chronic pulmonary disease (571; 14%) and chronic kidney disease
(556; 13%). According to APACHE diagnosis categorisation, only
one in five patients were classified as having sepsis. Most patients
were emergency admissions, admitted from the emergency
department (1,720; 41%) or operating theatre (1,237; 29%). On
admission to the ICU, the mean SOFA score was 9 (SD 3), and
almost all patients required invasive mechanical ventilation
(3,970; 95%). On the day of sepsis diagnosis, the median NEE
score was 0.07 pg/kg/min (IQR 0.02 - 0.17), and the mean
maximum lactate was 5.0 mmol/L (SD 4). The patient characte-
ristics are summarised in Table 1.

Steroid administration

Over time, the segmented regression analysis assessed steroid
administration, identifying two breakpoints: 3 months before and
6 months after publication. These breakpoints lead to three
periods: Pre-publication, Transition and Post-publication (Fig. 1). A
significant change in slope marked the transition period compared
to the pre-publication period (from —0.1% per month to +1.4% per
month in the transition period, p = 0.026). The post-publication
also had a greater slope compared to the pre-publication period;
however, this was not statistically significant (+0.1% per month,
p = 0.66). The administration of steroids in the cohort is
summarised in Supplementary Methods Table S5. There was no
difference in the proportion of patients receiving CRRT over time
(Supplementary Methods Figure S1).
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Table 1
Baseline characteristics according to the time period.
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Characteristic N Overall N = 4 198 Pre-publication N = 1 657 Transition N = 578 Post-publication N = 1 963
Demographic
Age (years) 4198 58 +17 59 + 17 57 +17 58 + 17
Female 4198 1742/4 198 (41) 709/1 657 (43) 237/578 (41) 796/1 963 (41)
Body Mass Index (kg/m2) 4198 28 (24-32) 28 (25-31) 28 (24-33) 28 (24-33)
Comorbidities
Charlson Co-morbidity Index 4198 4+3 443 4+3 4+3
Ischaemic Heart Disease 4198 411/4 198 (10) 162/1 657 (10) 61/578 (11) 188/1 963 (10)
Congestive Heart Failure 4 198 750/4 198 (18) 326/1 657 (20) 92/578 (16) 332/1 963 (17)
Peripheral Vascular Disease 4198 250/4 198 (6) 105/1 657 (6) 36/578 (6) 109/1 963 (6)
Cerebrovascular Disease 4198 372/4 198 (9) 166/1 657 (10) 54/578 (9) 152/1 963 (8)
Chronic Pulmonary Disease 4198 571/4 198 (14) 230/1 657 (14) 79/578 (14) 262/1 963 (13)
Chronic Kidney Disease 4 198 556/4 198 (13) 227/1 657 (14) 77/578 (13) 252/1 963 (13)
Mild Liver Disease 4198 212/4 198 (5) 90/1 657 (5) 32/578 (6) 90/1 963 (5)
Moderate-Severe Liver Disease 4198 197/4 198 (5) 100/1 657 (6) 19/578 (3) 78/1 963 (4)
Diabetes 4 198 472/4 198 (11) 180/1 657 (11) 55/578 (10) 237/1 963 (12)
Diabetes with Complications 4198 860/4 198 (20) 356/1 657 (21) 124/578 (21) 380/1 963 (19)
Localised Cancer 4198 428/4 198 (10) 176/1 657 (11) 67/578 (12) 185/1 963 (9)
Metastatic Cancer 4198 158/4 198 (4) 64/1 657 (4) 23/578 (4) 71/1 963 (4)
Admission
ICU Level 4198
Tertiary 2 683/4 198 (64) 1203/1 657 (73) 367/578 (63) 1 113/1 963 (57)
Outer Metropolitan 660/4 198 (16) 219/1 657 (13) 109/578 (19) 332/1 963 (17)
Regional 855/4 198 (20) 235/1 657 (14) 102/578 (18) 518/1 963 (26)
Source of Hospital Admission 4198
Home 3 082/4 198 (73) 1182/1 657 (71) 436/578 (75) 1 464/1 963 (75)
Other Hospital 1 087/4 198 (26) 457/1 657 (28) 141/578 (24) 489/1 963 (25)
Low Acuity Facility 4/4 198 (0) 0/1 657 (0) 0/578 (0) 4/1 963 (0)
High Care Facility 25/4 198 (1) 18/1 657 (1) 1/578 (0) 6/1 963 (0)
Source of ICU Admission 4198
Emergency department 1720/4 198 (41) 618/1 657 (37) 256/578 (44) 846/1 963 (43)
Operating Theatre 1237/4 198 (29) 520/1 657 (31) 157/578 (27) 560/1 963 (29)
Ward 963/4 198 (23) 409/1 657 (25) 132/578 (23) 422/1 963 (21)
Other hospital 2784 198 (7) 110/1 657 (7) 33/578 (6) 135/1 963 (7)
LOS in Hospital before ICU (hours) 4196 8 (3-37) 8 (3-46) 8 (3-33) 8 (3-33)
APACHE Diagnosis Group 4198
Cardiovascular 699/4 198 (17) 263/1 657 (16) 105/578 (18) 331/1 963 (17)
Gastrointestinal 699/4 198 (17) 297/1 657 (18) 88/578 (15) 314/1 963 (16)
Genitourinary 170/4 198 (4) 69/1 657 (4) 24/578 (4) 77/1 963 (4)
Haematological 28/4 198 (1) 13/1 657 (1) 6/578 (1) 9/1 963 (0)
Metabolic 463/4 198 (11) 139/1 657 (8) 62/578 (11) 262/1 963 (13)
Neurological 485/4 198 (12) 187/1 657 (11) 70/578 (12) 228/1 963 (12)
Other 129/4 198 (3) 60/1 657 (4) 19/578 (3) 50/1 963 (3)
Respiratory 591/4 198 (14) 235/1 657 (14) 73/578 (13) 283/1 963 (14)
Sepsis 879/4 198 (21) 365/1 657 (22) 121/578 (21) 393/1 963 (20)
Trauma 55/4 198 (1) 29/1 657 (2) 10/578 (2) 16/1 963 (1)
Treatment Goals on Admission 4198
Full active treatment 3 842/4 198 (92) 1531/1 657 (92) 524/578 (91) 1787/1 963 (91)
Treatment limitation order 356/4 198 (8) 126/1 657 (8) 54/578 (9) 176/1 963 (9)
Prognostic scores
APACHE 2 Score 4197 21+9 2249 21+8 21+ 8
APACHE 3 Score 4197 70 + 30 75 + 32 67 +29 67 + 28
APACHE 3 Risk of Death 4197 27 +27 31 +28 26 + 26 24 +25
Maximum SOFA score 4198 9+3 9+3 9+3 8+3
Day of sepsis diagnosis
Invasive mechanical ventilation 4198 3970/4 198 (95) 1572/1 657 (95) 545/578 (94) 1 853/1 963 (94)
Minimum PF Ratio 3791 196 + 99 197 + 101 192 + 97 195 + 97
Vasopressors 4198 4 035/4 198 (96) 1 596/1 657 (96) 556/578 (96) 1 883/1 963 (96)
NEE Score (g/kg/min) 4198 0.07 (0.02-0.17) 0.07 (0.02-0.17) 0.06 (0.01-0.17) 0.07 (0.02-0.18)
Mean arterial blood pressure (mmHg) 4189 75+ 8 74 + 8 75+9 75+ 8
Maximum Creatinine (pmol/L) 3584 164 + 144 167 + 146 167 +£ 178 161 + 131
Renal Replacement Therapy 3170 603/3 170 (19) 236/1 254 (19) 76/424 (18) 291/1 492 (20)
Maximum Lactate (mmol/L) 4186 5+4 5+4 5+4 5+4
Maximum Bilirubin (pmol/L) 3554 33 +£49 32 +47 35 +62 32 +45
Maximum White Cell Count (x10°/L) 3518 17 £ 13 16 + 13 17 + 14 17 £ 13

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; LOS, Lenght of stay; ICU, intensive care unit; NEE, Noradrenaline equivalence; SOFA, Sequential

Organ Failure Assessment.

Continous variables are presented as mean + SD or median (Q1-Q3). Categorical variables are presented as n/N (%).

Compared to the Pre-publication and Transition cohorts, the
Post-publication cohort had a higher proportion of hydrocortisone
administration (28% vs. 34% vs. 43%; p < 0.0001). In patients who
received hydrocortisone, both the duration of hydrocortisone
(4 days [IQR 2-6] vs. 3 days [IQR 2-5] vs. 3 days [IQR 2-5]; p = 0.82)

and the mean daily dose of hydrocortisone (175 mg/day [IQR 121-
242] vs. 164 mg/day [IQR 125-243] vs. 162 mg/day [128-208];
p = 0.45) were similar in comparing Pre-publication, Transition,
and Post-publication cohorts (Supplementary Methods Table S5).
The administration of fludrocortisone was uncommon, with no
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Fig. 1. Proportion of Patients receiving Hydrocortisone over time.

Points represent the estimated proportion of hydrocortisone prescriptions with a 95% confidence interval in light-shaded areas. The red line represents the segmented linear
regression of hydrocortisone prescription over time with a 95% confidence interval of the fitted model in dark grey. P-value is calculated for the change in slope with respect to

the Pre-publication period.

difference over time (0.4% vs. 0.9% vs. 0.4%; p = 0.33). The
administration of parenteral or enteral steroids other than
hydrocortisone or fludrocortisone was uncommon, and when
compared to all three time periods with significantly more
administered during the Transition time (6.8% vs. 9.9% vs. 6.5%;
p =0.017).

The proportion of patients receiving hydrocortisone over time
was examined, and the patients were differentiated by NEE score
on the day of septic shock diagnosis above or below 0.07 mcg/kg/
min (Fig. 2). Patients receiving lower NEE doses were less likely to
receive hydrocortisone throughout the time examined (OR 0.26;
95% 0.23 - 0.30; p < 0.001). However, there was no difference in
change in the administration of hydrocortisone over time between
low and high-dose NEE doses.

The administration of hydrocortisone over time was examined by
type of ICU. Throughout all periods, compared to Tertiary ICUs,
Regional ICUs (OR 1.44; 95% CI 1.23-1.68; p < 0.001) and Outer
Metropolitan ICUs (OR 1.41; 95%CI 1.18-1.67; p = 0.001) were both
more likely to administer hydrocortisone for septic shock. In
contrast, compared to the Pre-Publication cohort, the proportion
of patients receiving hydrocortisone in the Transition and Post-
Publication cohorts increased in Tertiary ICUs. Still, it demonstrated
no change over time in Outer Metropolitan and Regional ICUs (Fig. 3).

The multivariable logistic regression determined that both the
transition and post-publication periods were independently
associated with an increase in hydrocortisone prescription (OR
1.4, 95% CI 1.14-1.77; p = 0.0015 and OR 2.03; 95% CI 1.74-2.36;
p < 0.001, respectively). In addition, AKI stage, NEE score, type of

site, peak lactate, immunosuppression, and APACHE 3 score were
independently associated with increased hydrocortisone adminis-
tration (Table 2). Survival curves over 90 days are demonstrated in
Fig. 4.

Lastly, a sensitivity analysis, excluding ADRENAL recruitment
dates from sites that participated in the ADRENAL trial, did not
demonstrate any difference to the cohort or the primary outcome
(Supplementary Methods Table S9 and Figure S2).

Clinical outcomes

The clinical outcomes for the cohort are displayed in
Table 3. After adjusting for severity of illness, age, lactate, site
type, and comorbidities, when compared to the Pre-transition
period, the use of hydrocortisone was associated with a statisti-
cally significant decrease in 90-day mortality (14% vs. 24% absolute
difference, aHR for hydrocortisone effect —0.81; 95% CI 0.65-0.99;
p = 0.044). There was no difference in hospital or ICU mortality or
days alive without invasive mechanical ventilation or vasopressors
(Table 3).

The detailed multivariable Cox model for 90-day mortality that
demonstrated hydrocortisone was independently associated with
a risk reduction is presented in Supplementary Methods Table S6.
In addition to hydrocortisone, peak lactate, age, regional ICU,
chronic respiratory disease, chronic liver disease, chronic hemopa-
thy or cancer, and APACHE III score were also independently
associated with an increased risk of 90-day mortality. Further-
more, after adjustment for confounders, hydrocortisone was
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Factor associated with hydrocortisone prescription by unadjusted and multivariable logistic regression.

Unadjusted Multivariable

Variables N OR! 95% CI' p-value OR! 95% CI' p-value
Noradrenaline equivalent score category 4198

High — — — —

Low 0.26 0.23 to 0.30 <0.0001 0.31 0.27 to 0.36 <0.0001
AKI Stage 4198

0 — — — —

1 1.59 1.34 to 1.89 <0.0001 1.44 1.20 to 1.73 0.0001

2 235 1.94 to 2.84 <0.0001 1.78 1.45 to 2.19 <0.0001

3 3.19 2.63 to 3.86 <0.0001 2.15 1.74 to 2.65 <0.0001
Peak lactate on the sepsis diagnosis day, per mmol/L 4186 1.08 1.06 to 1.10 <0.0001 1.03 1.01 to 1.05 0.0012
Age, per year 4198 1.01 1.00 to 1.01 0.0045 1.00 1.00 to 1.01 0.41
Site type 4198

Tertiary — — —

Outer Metropolitan 1.41 1.18 to 1.67 0.0001 1.27 1.05 to 1.53 0.016
Regional 1.44 1.23 to 1.68 <0.0001 1.24 1.04 to 1.48 0.017
Immunosuppression 4198 1.54 1.26 to 1.88 <0.0001 1.60 1.28 to 2.01 <0.0001
APACHE III Score 4197 1.01 1.00 to 1.01 <0.0001 1.00 1.00 to 1.01 0.043

Period since publication 4198
Pre-publication — — - —
Transition 1.31 1.07 to 1.60 0.010 1.42 1.14 to 1.77 0.0015
Post-publication 1.89 1.64 to 2.17 <0.0001 2.03 1.74 to 2.36 <0.0001
! OR = 0dds Ratio, CI = Confidence Interval.
a b
= Pre-publication = Transition Post-publication = Pre-publication = Post-publication
1.0 1.0
0.9 0.9
2 2
3 3
© ©
o | Qo
o g
a 0.8 o 0.8
- g
> >
5 5
(%] ]
0.71 Log-rank 0.71 Log-rank
p =0.001 p <0.0001
0.6 0.6
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Time (day since ICU admission) Time (day since ICU admission)
c Number at risk d Number at risk
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Fig. 4. Kaplan-Meier curves of 90-day mortality according to the publication period.

independently associated with a reduction in ICU length of stay
(-1.2 days; 95% CI -2.2 to —0.18; p =0.021). In contrast,
regression models for additional secondary outcomes, ICU and
hospital mortality, days alive and free of invasive mechanical
ventilation at 28 days, and days alive and free of vasopressors at
28 days, did not demonstrate improved outcomes with the
administration of hydrocortisone (Supplementary Methods Table
S7 and Table S8).

Discussion
Key points

Our study, which analysed the change in hydrocortisone
administration in nearly 5,000 patients with septic shock and
examined how clinical practice changes over time in relation to the
publication of the ADRENAL trial has several important findings.
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Table 3
Hydrocortisone prescription and clinical outcomes.
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Variable N Overall N = 4 198

Pre-publication N = 1 812

Post-publication N = 2 386  Hydrocortisone effect

aOR (95%Cl)

p-value

Hospital mortality 4198 744 (18) 376 (21)

ICU mortality 4198 564 (13) 288 (16)

90 days mortality 4198 902 (21) 443 (24)

Days alive and ventilation free day 28 4198 25(17-28)

Days alive and vasopressor free day 28 4 198 26 (21-28)

Hospital LOS among survivors (days) 3454 12 (6-22)

ICU LOS among survivors (days) 3454 3.0(1.0-6.0)

24 (15-28)
26 (21-28)
13 (7-24)

3.0 (2.0-7.0)

368 (15) 0.77 0.10
0.57 to 1.05

276 (12) 0.76 0.10
0.54 to 1.06
aHR (95%CI)

459 (19) 0.81

0.65 to 0.99

B (95%CI)

~0.38

~0.77 to 0.01

~0.84

~1.7 to —0.02

11 (5-21) 0.67 0.29

058t 1.9

12

2210018

0.044

25 (18-28) 0.055

26 (22-28) 0.045

3.0 (1.0-6.0) 0.021

Descriptive statistics are presented as n (%) or median (p25-p75).

Adjusted estimates for Hydrocortisone effect was fitted by multivariable logistic regression, Cox model or quantile regression as appropriate. Covariables included in the
model were APACHE IlI score, Noradrenaline equivalent score, Age, peak lactate on the day of sepsis diagnosis, site type, comborbidities, study period with an interaction term

between the study period and the hydrocortisone prescription.

Abbreviations: aOR, Adjusted Odds Ratio; ICU, Intensive Care Unit; aHR, Adjusted Hazard Ratio; LOS: Length of stay.

Firstly, the proportion of patients with septic shock receiving IV
hydrocortisone increased over time. Second, there were two
breakpoints over time 3 months before and 6 months after
publication. Third, despite the increase over time, as of the study’s
end date, less than half of patients with septic shock received IV
hydrocortisone. Fourth, the use of fludrocortisone remained very
limited at the study sites. Fifth, both the type of ICU and the
vasopressor dose significantly impacted hydrocortisone adminis-
tration over time. Finally, after adjusting for the severity of illness,
hydrocortisone use significantly reduced ICU length of stay and 90-
day mortality.

Relationship to literature

No previous study has examined the change in hydrocortisone
usage in critically ill patients with septic shock, and no study has
examined the impact of the ADRENAL trial publication on the use
of hydrocortisone. Previous research has examined the implemen-
tation, or de-implementation, of other critical care therapies
related to the publication of pivotal clinical trial evidence. Salter
et al., examined temperature management in patients after out-of-
hospital cardiac arrest and the temporal trends related to the TTM
trial, demonstrating an increase in the average lowest temperature
in the first 24 h after a cardiac arrest [30]. Mackle et al., examined
oxygen therapy in critically ill patients after the publication of the
ICU-ROX trial, demonstrating a reduction in average FiO2 in ICU-
ROX sites [31].

Implications of study findings

Our study demonstrated that the publication of the ADRENAL
trial was associated with a change in practice in Queensland ICUs.
Of note, we did not demonstrate a change directly related to the
publication of the ADRENAL trial; instead, we identified two break
points three months before and six months after the publication of
ADRENAL. Though the regional and temporal relationships suggest
ADRENAL was associated with a change in practice, it is possible
the APROCCHSS trial [32], which was co-published with ADRENAL,
or international guidelines, that recommend steroid use in septic
shock [33], were influential in altering prescribing practices.
Furthermore, the change in steroid prescription three months

before ADRENAL publication, as opposed to immediately after
publication, may suggest alternative influences, such as interna-
tional guidelines, the early online publication of ADRENAL, or other
unknown factors.

The ADRENAL trial did not demonstrate an improvement in the
primary patient-centred outcome of 90-day mortality. Instead, the
potential beneficial effect was seen in the secondary outcomes of
time to resolution of shock and time to discharge from the ICU.
Therefore, if the temporal changes in hydrocortisone administra-
tion demonstrated in our study were influenced by the ADRENAL
trial, clinicians placed significant value on improving these
secondary outcomes. This ‘paradox’ is interesting as clinicians
potentially change prescribing behaviour based on the results of a
“negative” trial for the primary outcome of survival. It may be
partly why only approximately %2 of the patients were treated with
hydrocortisone post-ADRENAL publication.

Our study, of 4,198 patients, had a similar number of
participants as the ADRENAL trial. In contrast to ADRENAL, and
after adjusting for severity of illness and temporal changes in
hydrocortisone use, the administration of hydrocortisone was
associated with a decreased risk of 90-day mortality. The
significance of this result in an observational cohort and when
other patient-centred outcomes did not show a benefit for
hydrocortisone is uncertain. However, this finding is unlikely to
counter prevailing trends of increased hydrocortisone prescription
and may provide a rationale for usage in all patients with septic
shock.

The administration of steroids varied across different types of
ICUs. Outer metropolitan and regional ICUs had a higher
percentage of patients receiving steroids throughout the study
period. However, only tertiary ICUs showed a significant change in
steroid administration over time. The increased use of steroids in
tertiary ICUs may be due to lower baseline usage or differences in
ICU capacity [34].

Lastly, this study has demonstrated the utility of using highly
granular, routinely collected data to examine the implementation
or de-implementation of critical care therapies based on dissemi-
nating evidence-based research. This will allow for a thorough
assessment of the impact of critical care research and examining
variables related to the translation, or lack thereof, of clinical
evidence in critically ill patients.
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Strengths and limitations

Our study has several strengths. First, the cohort was sampled
from a large, diverse number of ICUs responsible for providing
ICU care to most of the patients with septic shock in Queensland.
Second, the data was highly granular and comprised validated
data extracted directly from the ICU electronic medical record
used at all participating sites. Third, we utilised established
techniques to identify patients with septic shock in routinely
collected data. Fourth, our inclusion and exclusion criteria
mirrored those of the ADRENAL trial, enhancing the validity of
our results.

We acknowledge some limitations. First, this is an observa-
tional study with inherent limitations. Therefore, no direct causal
inferences can be drawn from the findings, and the associations
demonstrated are hypothesis-generating only. Second, the study
did not demonstrate a clear breakpoint at the publication of
ADRENAL, raising the possibility other factors were responsible
for the change in practice. However, the sharp increase in
hydrocortisone usage during the transition phase would suggest
a temporal relationship. Third, most of the sites included in this
study recruited patients to the ADRENAL trial, and the lead
author of ADRENAL was based at one study site, therefore, there
may be other non-clinical factors influencing the use the
hydrocortisone in patients with septic shock. Fourth, due to
most sites recruiting to ADRENAL, the period examined before
the publication of ADRENAL may have included patients enrolled
in the trial. To mitigate this, we conducted a sensitivity analysis,
excluding the sites by the date of the last patient randomised,
and demonstrated similar conclusions. Lastly, the source of
sepsis was unknown in our cohort. Given the known benefit of
steroids in severe pneumonia, this may be a confounder not
accounted for in our analysis.

Conclusion

Our findings suggest that the publication of the ADRENAL trial
changed clinical practice in Queensland ICUs, with clinicians
increasing the use of hydrocortisone for patients with septic shock.
Furthermore, the dose of vasopressor and the ICU type were
associated with an increased proportion of patients receiving
hydrocortisone. Finally, after adjusting for confounders and
temporal changes in prescribing, hydrocortisone was associated
with a reduction in 90-day mortality.

Author contributions

The study conception and design (KW, MR, AT, KL); data acquisition
(KW); analysis (KW, AC); interpretation of data (all authors); article drafting
(KW, MR, AT, KL), article revision for important intellectual content (all
authors); final approval of the version submitted for publication (all
authors); agreement to be accountable for all aspects of the work in ensuring
that questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved (KW, MR < AT, KL).

Funding sources

This research received no specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Statement of ethics

This study was approved by the Metro South Hospital
and Health Service Human Research Ethics Committee (HREC/
2022/QMS/82024), and an individual waiver of consent was
granted.

10

Anaesth Crit Care Pain Med 43 (2024) 101435

Collaborators - Queensland Critical Care Research Network
Group

Mahesh Ramanan, Prashanti Marella, Patrick Young, Philippa
Mcllroy, Ben Nash, James McCullough, Kerina | Denny, Mandy
Tallott, Andrea Marshall, David Moore, Hayden White, Sunil Sane,
Aashish Kumar, Lynette Morrison, Pam Dipplesman, Jennifer
Taylor, Stephen Luke, Anni Paasilahti, Ray Asimus, Jennifer Taylor,
Kyle White, Jason Meyer, Rod Hurford, Meg Harward, James
Walsham, Neeraj Bhadange, Wayne Stevens, Kevin Plumpton,
Sainath Raman, Andrew Barlow, Alexis Tabah, Hamish Pollock,
Stuart Baker, Kylie Jacobs, Antony G. Attokaran, David Austin,
Jacobus Poggenpoel, Josephine Reoch, Kevin B. Laupland, Felicity
Edwards, Tess Evans, Jayesh Dhanani, Marianne Kirrane, Pierre
Clement, Nermin Karamujic, Paula Lister, Vikram Masurkar, Lauren
Murray, Jane Brailsford, Todd Erbacher, Kiran Shekar, Jayshree
Lavana, George Cornmell, Siva Senthuran, Stephen Whebell,
Michelle Gatton, Sam Keogh.

Conflict of interest statement

The authors have no conflicts of interest to declare.

Data availability statement

Data cannot be shared publicly due to institutional ethics,
privacy, and confidentiality regulations. Data released for research
under Sect. 280 of the Public Health Act 2005 requires an
application to the Director-General of Queensland Health
(PHA@health.qld.gov.au).

Acknowledgments

The authors acknowledge the Statistical Analysis and Linkage
Unit of the Statistical Services Branch (SSB), Queensland Health, for
linking the data sets used in this project.

The authors thank the ANZICS CORE management committee
and the clinicians, data collectors and researchers at the following
contributing sites: Caboolture Hospital, Cairns Hospital, Gold Coast
University Hospital, Logan Hospital, Mackay Base Hospital,
Princess Alexandra Hospital, Redcliffe Hospital, Rockhampton
Hospital, Royal Brisbane and Women’s Hospital, Sunshine Coast
University Hospital, The Prince Charles Hospital, and The
Townsville Hospital.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in
the online version, at doi:https://doi.org/10.1016/j.accpm.2024.
101435.

References

[1] Shankar-Hari M, Phillips GS, Levy ML, Seymour CW, Liu VX, Deutschman CS,
et al. Developing a new definition and assessing new clinical criteria for septic
shock: for the third international consensus definitions for sepsis and septic
shock (Sepsis-3). JAMA 2016;315(8):775-87.

[2] Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M,
et al. The third international consensus definitions for sepsis and septic shock
(Sepsis-3). JAMA 2016;315(8):801-10.

[3] Fleischmann C, Scherag A, Adhikari NK]J, Hartog CS, Tsaganos T, Schlattmann P,
et al. Assessment of global incidence and mortality of hospital-treated sepsis.
Current estimates and limitations. Am J Respir Crit Care Med
2016;193(3):259-72.

[4] Rhee C, Dantes R, Epstein L, Murphy D], Seymour CW, Iwashyna TJ, et al.
Incidence and trends of sepsis in US hospitals using clinical vs claims data,
2009-2014. JAMA 2017;318(13):1241.


http://PHA@health.qld.gov.au
https://doi.org/10.1016/j.accpm.2024.101435
https://doi.org/10.1016/j.accpm.2024.101435
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0005
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0005
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0005
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0005
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0010
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0010
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0010
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0015
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0015
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0015
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0015
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0020
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0020
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0020

K.C. White, A. Chaba, . Meyer et al.

[5] Lakbar I, Munoz M, Pauly V, Orleans V, Fabre C, Fond G, et al. Septic shock:
incidence, mortality and hospital readmission rates in French intensive care
units from 2014 to 2018. Anaesth Crit Care Pain Med 2022;41(3):101082.

[6] Venkatesh B, Finfer S, Cohen ], Rajbhandari D, Arabi Y, Bellomo R, et al.
Adjunctive glucocorticoid therapy in patients with septic shock. N Engl ]
Med 2018;378(9):797-808.

[7] Leone M, Einav S, Antonucci E, Depret F, Lakbar I, Martin-Loeches I, et al.
Multimodal strategy to counteract vasodilation in septic shock. Anaesth Crit
Care Pain Med 2023;42(3):101193.

[8] Sauro K, Bagshaw SM, Niven D, Soo A, Brundin-Mather R, Leigh JP, et al. Barriers
and facilitators to adopting high value practices and de-adopting low value
practices in Canadian intensive care units: a multimethod study. BMJ Open
2019;9(3):e024159.

[9] Rogers EM. Lessons for guidelines from the diffusion of innovations. Jt Comm J
Qual Improv 1995;21(7):324-8.

[10] Niven DJ, Rubenfeld GD, Kramer AA, Stelfox HT. Effect of published scientific
evidence on glycemic control in adult intensive care units. JAMA Intern Med
2015;175(5):801-9.

[11] Niven DJ, Mrklas K], Holodinsky JK, Straus SE, Hemmelgarn BR, Jeffs LP, et al.
Towards understanding the de-adoption of low-value clinical practices: a
scoping review. BMC Med 2015;13(1):255.

[12] White KC, Serpa-Neto A, Hurford R, Clement P, Laupland KB, See E, et al. Sepsis-
associated acute kidney injury in the intensive care unit: incidence, patient
characteristics, timing, trajectory, treatment, and associated outcomes. A
multicenter, observational study. Intensiv Care Med 2023;1-11.

[13] Laupland KB, Ramanan M, Shekar K, Edwards F, Clement P, Tabah A. Long-term
outcome of prolonged critical illness: a multicentered study in North Brisbane.
Australia PLoS ONE 2021;16(4):e0249840.

[14] Marella P, Ramanan M, Shekar K, Tabah A, Laupland KB. Determinants of 90-
day case fatality among older patients admitted to intensive care units: a
retrospective cohort study. Aust Crit Care 2024;37(1):18-24.

[15] Sieben NA, Dash S. A retrospective evaluation of multiple definitions for
ventilator associated pneumonia (VAP) diagnosis in an Australian regional
intensive care unit. Infect Dis Heal 2022;27(4):191-7.

[16] Bagshaw SM, George C, Bellomo R, Committe ADM. A comparison of the RIFLE

and AKIN criteria for acute kidney injury in critically ill patients. Nephrol Dial

Transpl 2008;23(5):1569-74.

Raith EP, Udy AA, Bailey M, McGloughlin S, Maclsaac C, Bellomo R, et al.

Prognostic accuracy of the SOFA score, SIRS criteria, and qSOFA score for in-

hospital mortality among adults with suspected infection admitted to the

intensive care unit. Jama 2017;317(3):290-300.

Corrigan C, Duke G, Millar J, Paul E, Butt W, Gordon M, et al. Admissions of

children and adolescents with deliberate self-harm to intensive care during

the SARS-CoV-2 outbreak in Australia. Jama Netw Open 2022;5(5):e2211692.

Kirsi-Maija K, Michael B, David P, Jamie CD, Rinaldo B. Systemic inflammatory

response syndrome criteria in defining severe sepsis. New Engl ] Med

2015;372(17):1629-38.

Vallmuur K, Cameron CM, Watson A, Warren J. Comparing the accuracy of ICD-

based severity estimates to trauma registry-based injury severity estimates

for predicting mortality outcomes. Injury 2021;52(7):1732-9.

[17]

[18]

[19]

[20]

11

Anaesth Crit Care Pain Med 43 (2024) 101435

[21] Watson A, Watson B, Vallmuur K. Estimating under-reporting of road crash
injuries to police using multiple linked data collections. Accid Anal Prev
2015;83:18-25.

[22] Nghiem S, Afoakwah C, Byrnes ], Scuffham P. Lifetime costs of hospitalised

cardiovascular disease in Australia: an incidence-based estimate. Hear Lung

Circ 2021;30(8):1207-12.

O’Beirne ], Skoien R, Leggett BA, Hartel GF, Gordon LG, Powell EE, et al. Diabetes

mellitus and the progression of non-alcoholic fatty liver disease to decom-

pensated cirrhosis: a retrospective cohort study. Méd J Aust 2023;219(8):358-

65.

Win KTH, Thomas B, Emeto TI, Fairley L, Thavarajah H, Vangaveti VN, et al. A

Comparison of clinical characteristics and outcomes between indigenous and

non-indigenous patients presenting to townsville hospital emergency depart-

ment with chest pain. Hear Lung Circ 2022;31(2):183-93.

Sundararajan V, Henderson T, Perry C, Muggivan A, Quan H, Ghali WA. New

ICD-10 version of the Charlson comorbidity index predicted in-hospital mor-

tality. J Clin Epidemiology 2004;57(12):1288-94.

[26] Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, et al. Coding

algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative

data. Méd Care 2005;43(11):1130-9.

Wieruszewski PM, Leone M, Kaas-Hansen BS, Dugar S, Legrand M, McKenzie

CA, et al. Position paper on the reporting of norepinephrine formulations in

critical care from the society of critical care medicine and european society of

intensive care medicine joint task force. Crit Care Med 2024;52(4):521-30.

Khanna A, English SW, Wang XS, Ham K, Tumlin ], Szerlip H, et al. Angiotensin

I for the treatment of vasodilatory shock. New Engl ] Med 2017;377(5):419-

30.

Shah AD, MacCallum NS, Harris S, Brealey DA, Palmer E, Hetherington J, et al.

Descriptors of sepsis using the sepsis-3 criteria: a cohort study in critical care

units within the U.K. National Institute for Health Research Critical Care Health

Informatics Collaborative*, Crit Care Med 2021;49(11):1883-94.

Salter R, Bailey M, Bellomo R, Eastwood G, Goodwin A, Nielsen N, et al. Changes

in temperature management of cardiac arrest patients following publication of

the target temperature management trial*. Crit Care Med 2018;46(11):1722-

30.

Mackle D. Oxygen management in New Zealand and Australian intensive care

units: A knowledge translation study. Thesis: Open Access Te Herenga Waka-

Victoria University of Wellington; 2021, https://doi.org/10.26686/wgtn.

17097158.v2.

Annane D, Renault A, Brun-Buisson C, Megarbane B, Quenot JP, Siami S, et al.

Hydrocortisone plus fludrocortisone for adults with septic shock. N Engl ] Med

2018;378(9):809-18.

Annane D, Pastores SM, Rochwerg B, Arlt W, Balk RA, Beishuizen A, et al.

Guidelines for the Diagnosis and management of critical illness-related cor-

ticosteroid insufficiency (CIRCI) in critically ill patients (Part I). Crit Care Med

2017;45(12):2078-88.

Wang L, Ma X, Qiu Y, Chen Y, Gao S, He H, et al. Association of medical care

capacity and the patient mortality of septic shock: a cross-sectional study.

Anaesth Crit Care Pain Med 2024;43(3):101364.

(23]

[24]

[25]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]


http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0025
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0025
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0025
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0030
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0030
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0030
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0035
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0035
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0035
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0040
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0040
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0040
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0040
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0045
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0045
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0050
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0050
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0050
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0055
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0055
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0055
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0060
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0060
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0060
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0060
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0065
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0065
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0065
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0070
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0070
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0070
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0075
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0075
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0075
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0080
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0080
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0080
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0085
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0085
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0085
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0085
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0090
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0090
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0090
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0095
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0095
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0095
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0100
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0100
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0100
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0105
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0105
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0105
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0110
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0110
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0110
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0115
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0115
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0115
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0115
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0120
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0120
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0120
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0120
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0125
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0125
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0125
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0130
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0130
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0130
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0135
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0135
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0135
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0135
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0140
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0140
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0140
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0145
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0145
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0145
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0145
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0150
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0150
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0150
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0150
https://doi.org/10.26686/wgtn.17097158.v2
https://doi.org/10.26686/wgtn.17097158.v2
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0160
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0160
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0160
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0165
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0165
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0165
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0165
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0170
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0170
http://refhub.elsevier.com/S2352-5568(24)00093-6/sbref0170

	Rapid uptake of adjunctive corticosteroids for critically ill adults with septic shock following publication of ADRENAL tr...
	Introduction
	Methods
	Study design and sites
	Data sources
	Patient inclusion and exclusion
	Identification of steroid administration
	Outcomes
	Statistical analysis
	Ethical considerations

	Results
	Patient inclusion
	Patient characteristics
	Steroid administration
	Clinical outcomes

	Discussion
	Key points
	Relationship to literature
	Implications of study findings
	Strengths and limitations

	Conclusion

	Author contributions
	Funding sources
	Statement of ethics
	Collaborators - Queensland Critical Care Research Network Group
	Conflict of interest statement
	Data availability statement
	Acknowledgments

	Appendix A Supplementary data
	References

