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Abstract

Objective—To identify the issues needing to be resolved in order to design, implement and 

complete a definitive randomized controlled trial (RCT) of adjunctive corticosteroid use in 

children with septic shock.

Data Source—MEDLINE (1946- January 2015) and Embase (1947 to January 2015).

Study Selection and Synthesis—Pediatric studies which addressed adrenal function or 

steroid use in critically ill children with systemic inflammatory response syndrome (SIRS), sepsis 

or septic shock were reviewed and their relevant points discussed.

Results—There is considerable interest in the field of corticosteroids in pediatric septic shock 

which has not as yet translated into a much needed RCT. We found that the issues that need to be 

resolved include identification of the target population, achievement of individual and community 

equipoise, selection of a patient centered, clinically meaningful primary outcome measure and 

consideration of the adverse effects of corticosteroids.

Conclusions—We strongly believe that the time has come to conduct a trial on the use of 

corticosteroids in pediatric septic shock and that the question to be answered is: Will 

corticosteroids given to children with septic shock result in a benefit to some patients without 

resulting in harm to others? Answering this question will require a collaborative and committed 

effort on the parts of ethics boards, families, clinicians and researchers to actually make it happen 

once and for all and we propose an international planning meeting of interested parties to achieve 

agreement on these identified issues.
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After more than 40 years of debating the role of corticosteroids in pediatric septic shock, we 

are still no closer to the answer. The question is, why? It does not appear to be due to a lack 

of interest in the topic as there have been more than 30 editorials, letters and reviews written 

on the subject just in the last two years. Instead, we believe that the major factors affecting 

the pediatric critical care community's inability to answer this question include difficulties in 

correctly identifying patients who may benefit from corticosteroid administration, an 
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unfortunate lack of community and individual equipoise, agreement on a clinically 

meaningful outcome and the existence of significant barriers to conducting randomized 

controlled trials (RCTs) in pediatric critical care.

Who is the target population?

There are at least four distinct issues that need to be resolved in order to identify the 

appropriate target population for a trial of corticosteroids in pediatric septic shock. These 

include the definition of refractory shock, the early identification of patients with septic 

shock and perhaps most importantly, the identification of patients who are most likely to 

derive benefit from corticosteroid administration.

Refractory Shock

There are two separate issues in regard to using the presence of refractory shock as a 

criterion for inclusion of patients into a trial: 1) its definition and 2) whether this definition 

is the same as the threshold at which clinicians consider corticosteroid administration. The 

most recent Surviving Sepsis Guidelines use the term “catecholamine resistant shock” for 

patients who are still hypotensive following administration of 60 cc/kg of fluid, 10 

micrograms/kg/min of dopamine and/or 0.05 to 0.3 micrograms/kg/min of epinephrine 1 and 

recommend consideration of corticosteroids at this point. Some researchers have, however, 

enrolled patients into corticosteroid and septic shock trials following 60 cc/kg of fluid 

alone 2 or following fluid plus 0.1 micrograms/kg/min of norepinephrine 3. A recent survey 

found that a slight majority of respondents (51.4%) stated that they would administer 

corticosteroids to patients in shock who were on one high dose vasoactive agent whereas 

almost all clinicians (91.4%) would administer corticosteroids for patients on two or more 

vasoactive agents.

The problem, however, with waiting for a patient to be on at least two vasoactive 

medications is that they may have already progressed to irreversible organ damage. This 

may explain why Annane and colleagues found a decrease in mortality with corticosteroid 

administration4 (enrolled patients within 8 hours) while the study from Sprung and 

colleagues did not find a difference in mortality rates but instead found an increase in 

adverse effects5 (enrolled patients up to 72 hours post shock). We recognize that the exact 

enrolment criteria will need to be agreed upon by a consensus of experts but would strongly 

advocate for a trial of targeted corticosteroid administration within 8 hours of initiation of a 

vasoactive agent and rapid weaning of the steroids as soon as the patient stabilizes and 

improves.

Identification of septic shock

Another practical problem is that there is no gold standard for the identification of septic 

shock in adults or children. Septic shock was conceptually defined for research purposes by 

experts at the International Pediatric Septic Consensus Conference as evidence of a systemic 

inflammatory response plus cardiovascular dysfunction in the context of a suspected or 

proven infection6. However, as elegantly demonstrated by Weiss et al in 20127, one third of 

patients diagnosed clinically with sepsis would not have be identified based on these 
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consensus guidelines or International Classification of Diseases, Ninth Revision Codes. This 

raises a very important issue going forward as to whether it is better to answer the question 

in a restricted and narrowly defined population or to be more pragmatic and to include 

patients that clinicians suspect have septic shock and therefore try to answer the question 

such that the results are relevant to bedside clinicians. As such the specific inclusion and 

exclusion criteria for an RCT will need to be established by international consensus.

Targeted corticosteroid administration

The theoretical paradigm behind the use of corticosteroids in patients with septic shock is 

the belief that some critically ill patients have an inadequate amount of cortisol at the tissue 

level to meet their physiological needs8. This condition has been variably termed relative 

adrenal insufficiency or critical illness related corticosteroid insufficiency 9 and may result 

from dysfunction of the hypothalamic-pituitary-adrenal axis at any of multiple levels from 

the hypothalamus to the cytoplasmic glucocorticoid receptor10. Multiple studies have 

attempted to define a patient's potential response to corticosteroid administration using 

cortisol levels (free and total) and adrenocorticotropic hormone stimulation tests, but these 

studies have provided inconsistent and inconclusive results11–13. This is likely due to the 

varied causes for this clinical condition as well as the inability to measure tissue cortisol 

levels and means that determination of inclusion criteria for a proposed RCT will have to be 

established by clinical consensus rather than biochemical criteria.

Should there be equipoise on the use of corticosteroids in pediatric septic 

shock?

In an attempt to answer to this question, we searched MEDLINE (1946- January 2015) and 

Embase (1947 to January 2015) for all pediatric studies using the keywords: adrenal 

function, corticosteroids, hydrocortisone, critical illness, critical care, systemic inflammatory 

response (SIRS), sepsis and septic shock. We excluded reviews, case series and case reports 

as well as studies that exclusively enrolled neonates or focused on patients with primary 

cardiogenic shock.

Benefit

Two early RCTs, involving a total of only 120 patients 14, 15, (see Table 1) suggested a 

mortality benefit to corticosteroid supplementation in patients with dengue fever while a 

third open label study suggested a decrease in time to shock reversal in septic patients in the 

developing world2. However, as pointed out in a recent systematic reviews on this topic16, 

these RCTs were limited by weak methodology, restricted patient populations and small 

sample sizes. Furthermore, the overall meta-analysis in the systematic review showed no 

difference in mortality rates between those who did and did not receive corticosteroids (RR 

0.744 95% CI 0.475–1.165, P =0.197)16. Finally, a retrospective analysis of the largest 

pediatric sepsis trial to date (the RESOLVE trial)17 found that no definitive improvement in 

outcomes could be attributed to adjunctive corticosteroid therapy18.
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Harm

None of the existing RCTs were powered to detect a difference in the incidence of adverse 

events but nevertheless one of them demonstrated a statistically significant increase in 

bleeding with corticosteroids19. More recently, there have been several considerably larger, 

albeit mostly retrospective studies suggesting an increased risk of mortality, secondary 

infections and suppression of adaptive immunity from corticosteroid administration 

especially in certain subgroups20–23. Given the lack of clear evidence for benefit and the 

increasing suggestions of harm with corticosteroid administration, there is no question that 

equipoise on this subject should indeed exist. In order to mitigate the risk of harm, however, 

there are two potential strategies which may be employed for a future RCT. The first is to 

exclude patients with septic shock who may be at higher risk of harm from corticosteroid 

administration by using a gene expression-based classification method to identify them20. 

An additional approach would be to administer corticosteroids early and wean them as soon 

as the patient was hemodynamically stable (this was not done in the two largest adult 

trials4, 5) so as to limit corticosteroid exposure to the minimum amount needed.

Does equipoise on the use of corticosteroids in shock actually exist?

We strongly believe that given the limited evidence for benefit for corticosteroid 

administration in septic shock and the suggestion of potential harms, equipoise should 

definitely exist on this issue. However, the evidence from both reported and observed 

clinical practices suggests that it does not.

Individual equipoise

In a recent survey, 76% of pediatric critical care physicians stated that they would be willing 

to randomize patients who were on two or more high dose vasoactive medications into a trial 

of corticosteroid efficacy24. However, 61% of the same physicians stated that they would 

start open label steroids in such patients if they were deteriorating. This dichotomy suggests 

that although most of us are in support of a trial of corticosteroids in pediatric septic shock, 

many of us may not actually be willing to randomize our most critically ill patients.

Community equipoise

This observation is further supported by a recent retrospective study which showed that 

pediatric critical care physicians often used corticosteroids in patients with fluid and 

catecholamine dependent shock25 and almost always used corticosteroids in patients with 

refractory shock24, 26 thus providing evidence of lack of equipoise. Interestingly, a recent 

survey reported that the possibility of adverse effects does not appear to influence clinicians' 

decision making when administering corticosteroids to children with septic shock26. Perhaps 

the final nail in the coffin for the existence of equipoise is the statement from the most 

recent Surviving Sepsis Guidelines which recommended “timely hydrocortisone therapy in 

children with fluid-refractory, catecholamine-resistant shock and suspected or proven 

absolute adrenal insufficiency” 1(Grade 1A). However, there are two significant issues with 

these recommendations. The first is that real-time adrenal axis is not available in many 

centres and even when it is there is no consensus on the diagnosis of suspected or proven 

absolute adrenal insufficiency in the critical care setting11. The second issue is that there has 
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never been a large, adequately powered randomized controlled trial of corticosteroids in 

pediatric septic shock16 making one question the justification for the Grade 1A 

recommendation. We would strongly advocate for a well-designed, adequately powered 

RCT upon which to base future recommendations.

Clinically meaningful outcomes

The high mortality rates in adult septic shock patients (32.8% to 38.8%)4, 5 have made 

mortality a commonly used outcome measure in adult septic shock trials4, 5, 27 However, 

mortality rates for pediatric septic shock in the developed world range from 2% to 12% 25, 28 

which makes mortality infeasible as a primary outcome measure. A recent retrospective 

study with an observed mortality rate of 11.7% in patients with septic shock showed that one 

would require 7682 patients to demonstrate a 2% absolute mortality reduction25. Given that 

the largest pediatric sepsis trial to date (RESOLVE)17 enrolled 477 patients, a sample size 

greater than 500 patients would be unrealistic. When Canadian pediatric intensive 

physicians were asked what they thought would be the single most relevant and feasible 

outcome measure for a trial of corticosteroids in pediatric septic shock, 65.7% selected a 

hemodynamic outcome (39.3%, time to discontinuation of all vasoactive drugs, and 23% 

time to hemodynamic stability). The same retrospective review suggested that a primary 

outcome measure of time on vasopressors would only require 106 to 420 patients depending 

on the clinically important difference chosen (24 hours or 12 hours respectively). Although 

organ dysfunction scores such as the PELOD-2 are scientifically valid and have merit29, 

they were considerably less popular (11.4%) leading to questions about their relevance to 

bedside clinicians. A decision regarding the most appropriate primary outcome measure will 

need to be made by consensus amongst experts, research networks and bedside clinicians.

Barriers, perceived or real, to clinical trials in pediatric critical care

There has been a significant increase in the number of publications on adrenal function and 

corticosteroid use in pediatric septic shock over the past 10 years (see Figure 1). However, 

as shown in Figure 1, there has not been a corresponding increase in the number of related 

pediatric RCTs. In the last 10 years only one published pediatric RCT involving 38 patients 

in the developing world2 compared to 16 adult trials involving several thousand patients. 

There are currently three pediatric trials listed under clinicaltrials.gov, two of which have 

not been updated since 2010 (NCT01047670, NCT00732277) and one pilot study which is 

currently recruiting (NCT02044159). There are numerous potential barriers to conducting 

pediatric critical care trials including obtaining consent from legal guardians and treating 

physicians30, limited patient numbers26, and the lack of equipoise but it is clear that with 

collaboration and commitment these barriers can be overcome and large pediatric critical 

care trials completed31.

Approach to a future pediatric RCT

It is clear that conducting this trial will require an international coordinated effort between 

multiple research networks. The specific issues that will need to be agreed upon include the 

target population, specific inclusion and exclusion criteria, adverse events reporting plan and 

stopping rules and the primary outcome measure. Practical issues such as multi-lateral 
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funding, use of deferred consent models and development of strategies to ensure individual 

and community equipoise will also need to be addressed. We propose an international 

planning meeting of interested parties to accomplish these goals.

Conclusion

We, along with others32, 33, strongly believe that the time has come to determine if 

corticosteroids given to children with clinically suspected septic shock result in benefit to 

some patients without resulting in harm to the others? Given the potential barriers to 

conducting RCTs in pediatric critical care, however, answering this question will require a 

collaborative and committed effort on the parts of ethics boards, families, clinicians and 

researchers to actually make it happen once and for all.
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Figure 1. 
Studies on adrenal function and corticosteroid use in pediatric critical illness over time. RCT 

= randomized controlled trial.
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