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1. The Need for a Trial
1.1. What is the problem to be addressed?
We propose a pilot study to determine the feasibility of a larger RCT on the use of steroids for the
treatment of pediatric patients with fluid and vasopressor dependent shock.
1.1.1 Fluid and vasoactive infusion dependent shock is an important clinical problem.
Approximately 20,000 children per year present to hospitals in North America with shock requiring
urgent and aggressive treatment. These patients have a critical form of cardiovascular failure associated
with severe hypotension which may rapidly progress to multi-organ failure and even death (1). Fluid and
vasoactive infusion dependent shock, as it is referred to, is responsible for ~5% of pediatric intensive care
unit admissions (2), results in significant morbidity (3;4) and carries a 2-10% mortality rate depending on
the setting in which it occurs (5;6). Although fluid and vasoactive agents are the mainstay of therapy, the
high morbidity caused by this condition has led clinicians to utilize corticosteroids as their next line of
treatment. However, although the use of steroids in this setting has been widely debated in the literature
for over 40 years, there is no clear evidence to support this practice (7;8).
1.1.2 Mechanisms for fluid and vasoactive infusion dependent shock.
The American College of Critical Care Medicine states that “fluid and vasoactive infusion dependent
shock results from inadequate cellular corticosteroid activity for the severity of the patient’s illness” (9). It
results from hypothalamic-pituitary-adrenal axis dysfunction and has been referred to as “relative adrenal
insufficiency” or “critical illness related adrenal insufficiency” (10;11).
Critical illness related adrenal insufficiency is a complex, multi-factorial condition resulting from a
variety of different mechanisms making it difficult to define and diagnose (11;12). In critical illness,
adrenal insufficiency may be caused by blockage of corticosteroid synthesis by drugs (e.g. etomidate (13),
fluconazole (14), exogenous steroids) cytokines, or dysfunction of the adrenal gland secondary to
infection, ischemia or infiltrate (15) and/or reduced secretory reserve (16). It may also occur due to
inhibition of adrenocorticotrophic hormone and corticotrophin releasing factor production by cytokines
(17;18), drugs (e.g. glucocorticoids, opiates, diazepam, anti-depressants) or destruction of the pituitary or
hypothalamus by ischemia, infection or trauma. Finally, adrenal insufficiency may occur due to
ineffectiveness at the end organ level through increased metabolism of cortisol (e.g. rifampin (19),
phenytoin, phenobarbital), decrease in the number/affinity of glucocorticoid receptors (20), decreased
demargination of cortisol from cortisol binding globulin and albumin or genetic differences in
intracellular glucocorticoid receptors (21). However, in isolation, or in combination, the above
mechanisms all lead to inadequate amounts of cortisol at the cellular level.
1.1.3 Role of endogenous and exogenous corticosteroids in fluid and vasoactive infusion
dependent shock.
Cortisol contributes to hemodynamic stability through several mechanisms. Cortisol exerts immediate
non genomic effects by decreasing the re-uptake of norepinephrine leading to increased vasoconstriction
(22), augmentation of β-adrenergic receptor sensitivity in the heart and increased calcium availability in
myocardial and vascular smooth muscle cells (23) leading to increased myocardial contractility and
vasoconstriction. Cortisol also exerts delayed effects (several hours) through its genomic actions via
protein translation (24) which include inhibition of prostacyclin production and nitric oxide synthetase
leading to decreased vasodilatation (25), stimulation of intercellular adhesion factor from vascular smooth
muscle with a resulting decrease in capillary leak (25) and increase in the number of β-adrenergic
receptors in the heart resulting in increased myocardial contractility (24). Therefore lack of sufficient
cortisol at the cellular level, i.e. adrenal insufficiency, contribute to significant hemodynamic instability
from decreased myocardial contractility, increased vasodilatation and/or capillary leak syndrome (26;27).
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It therefore follows that some patients with shock secondary to adrenal insufficiency may benefit from
therapy with stress dose corticosteroids. However, there is no rapidly available test for clinicians to
identify these specific patients with shock (28-30). As such some clinicians treat all critically ill children
with fluid and vasoactive infusion dependent shock empirically with steroids (31;32), an approach that
has been supported by the latest Surviving Sepsis Guidelines (33). However, the effectiveness and safety
of this approach to steroid replacement therapy in pediatric shock remains to be demonstrated.
1.1.4 Potential adverse effects of stress dose corticosteroids.
Although there is literature to support the hemodynamic benefits of steroids in shock patients, there is
also some evidence suggesting that steroid administration in critically patients may be associated with
adverse effects, including gastrointestinal bleeding and immunosuppression.
a. Pediatric Studies
Our recent systematic review identified only one pediatric RCT that used stress dose hydrocortisone
(4-5 mg/kg/day) in critically ill children and reported on adverse events (3). The remaining seven RCTs
described in section 1.3.2 used very high steroid doses and are thus not applicable to our proposed study.
The one relevant RCT, involving only 38 patients, did not find a significant difference in the incidence of
secondary infections and significant gastrointestinal bleeding between those who did and did not receive
hydrocortisone (3). A pediatric retrospective study (34) and systematic review of steroid use to facilitate
extubation (35), however, suggest that hyperglycemia and an increased infection rate may be associated
with the use of stress doses of corticosteroids.
b. Adult Studies
The use of stress dose corticosteroids in critically ill adults with shock has been associated with
statistically significant adverse events including impaired wound healing, hypernatremia (29),
hyperglycemia(28;29), gastrointestinal bleeding (29) and potentially life-threatening infections (29).
Furthermore, in a case controlled study of 10,285 critically ill adults, a mean dose of 900 mg of
hydrocortisone over 3 days was associated with an increased use of diuretics, insulin, protracted weaning
from mechanical ventilation and the need for tracheostomy (36).
Given the lack of clear safety information in the PICU population, it is difficult for clinicians to make
evidence based decisions regarding the risk versus benefit of administering stress dose corticosteroids to
pediatric patients with fluid and vasoactive infusion dependent shock.
1.1.5 Summary
Corticosteroids are used for the treatment of pediatric shock without sufficient evidence to support this
practice. While there is scientific rationale and limited data supporting their use in this setting, there is
also evidence from other populations suggesting potential harm. A randomized controlled trial on the use
of steroids in this condition in children is long overdue. Therefore, in collaboration with the Canadian
Critical Care Trials Group, we propose to conduct a pilot randomized controlled trial on the use of
steroids in pediatric shock prior to going forward with a larger, much needed, trial powered for clinically
important outcomes.
1.2 What is/are the principal research questions to be addressed?
1.2.1 Full STRIPES Trial:
Primary Research Question: What is the effect of hydrocortisone versus placebo on the time to
discontinuation of vasoactive agents among pediatric patients with fluid and vasoactive infusion
dependent shock?
Secondary Research Questions: In patients with fluid and vasoactive infusion dependent shock what is the
effect of hydrocortisone versus placebo on 1) PICU mortality 2) duration of mechanical ventilation 3)
new onset of organ dysfunction 4) PICU length of stay and 5) incidence of adverse effects.
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1.2.2 STRIPES Pilot Trial:
Before embarking on a multi-centre trial to address the questions listed above, the STRIPES Pilot Study
has 4 specific feasibility objectives:
1) To estimate the rate of patient recruitment and understand barriers to recruitment;
2) To assess adherence to our specific treatment protocol;
3) To assess the appropriateness of our eligibility criteria for the full trial;
4) To assess the feasibility of collecting and shipping blood samples in this patient population.
1.3 Why is a trial needed now?
The use of steroids in critically ill patients with shock has been widely debated in the literature for
over 40 years (37;38). The scientific rationale for steroid use in this population is compelling; however,
numerous opinion pieces, retrospective chart reviews, cohort studies and a few small randomized
controlled trials on the subject have provided conflicting conclusions. Our recent survey of pediatric
intensive care physicians in Canada (32) reported that 87% of respondents felt that the role of steroids in
pediatric shock needed to be clarified. Furthermore, the accompanying editorial to this survey strongly
supported the need to study this question by stating that “This contribution by Menon et al and the
Canadian Critical Care Trials Group reflects an initial, essential, organized effort to ultimately untangle
the persistent uncertainty of adjunctive corticosteroid in pediatric septic shock” and to “ultimately design
a randomized control trial to rigorously study this controversial clinical question”(39).
1.3.1 Pediatric Guidelines
Based on a limited body of evidence, the 2012 update from the American College of Critical Care
Medicine (33) stated “ We suggest timely hydrocortisone therapy in children with fluid-refractory,
catecholamine resistant shock and suspected or proven absolute adrenal insufficiency. Initial treatment is
hydrocortisone infusion given at stress doses (50 mg/m2/24hr); however, infusions up to 50 mg/kg/day
may be required to reverse shock.” The above guidelines present several problems: results of adrenal
testing are seldom available rapidly enough to diagnose adrenal insufficiency, the dose range
recommended is very large and the at risk population has not been clearly identified thus leaving
clinicians to make individual judgments at the bedside.
1.3.2 Pediatric Randomized Controlled Trials
There have been eight small randomized controlled trials on the use of steroids in shock in pediatric
critical illness on a total of 489 patients (3;4;40-45). No individual study had more than 100 patients and
all eight studies were conducted in the developing world. Six studies were limited to patients with shock
from dengue fever and were conducted over 20 years ago (40-45) and one of the remaining trials was
conducted as an open-label study (3). Furthermore, none of the trials have been conducted since the
publication of the Surviving Sepsis Guidelines (46) making them difficult to interpret in the context of
current day shock management. Between them, the studies used three different types of steroids, seven
different dosing regimens and at least four different durations of steroid therapy. Two studies showed a
statistically significant effect of steroids on decreasing mortality in dengue shock syndrome (40;44) and
the remaining trials were not adequately powered to determine the effect of steroids on any clinically
important outcomes or on the incidence of adverse events.
1.3.3 Adult Randomized Controlled Trials
There have been two large RCTs in critically ill adults in the last ten years which have demonstrated
contradictory results (28;29). The first, in 2002, of 300 adults found that treatment with steroids reduced
the risk of death in patients with septic shock and relative adrenal insufficiency without increasing
adverse events (28). The other trial in 2008 involving 499 shock patients found that hydrocortisone did
not improve survival or reversal of shock (29) and that the use of steroids was associated with an
increased risk of infection. Potential explanations have been put forward to explain the difference in
findings between these studies including varying time to enrolment (8 versus 72 hours), different
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treatment regimens (7 days versus 11 days, different patient populations (54% versus 31% medical
patients) and differing baseline mortality rates in the placebo groups (61% versus 31.5%). The conclusion
of experts following these opposing trials was that “the time has come to take a step back and reflect on
past efforts so that future clinical trials will be conducted in an optimal manner to limit the pendulum
effect and to provide results that stand up to scrutiny and can be immediately introduced into clinical
practice to the benefit of our patients” (47;48).
There is a large Australian adult trial underway on the use of steroids in shock. However, it is
important to note that the results of adult studies cannot be automatically generalized to the pediatric
population because of differences in pre-morbid status, mortality rates (49;50), underlying diseases (2),
disease specific outcomes (51;52) as well as differing results of shock trials in the two populations
(53;54). Other controversial issues with the Australian trial include 1) late randomization (up to 24 hours
post admission) at which point significant irreversible organ damage may have already occurred and 2)
use of fixed doses of hydrocortisone for 7 days regardless of patient status which may result in an increase
in steroid associated adverse events.
1.3.4 Prior work by investigators
a. Survey (attached)
In view of unclear guidelines, the low level of pediatric evidence, and conflicting adult studies, we
conducted a survey of all practicing pediatric intensive care physicians in Canada to help clarify physician
views on this subject prior to moving forward with an RCT (32). Our overall response rate was 72.2% and
consensus on several important issues was demonstrated. The vast majority of respondents (91%)
reported that they would use corticosteroids when a patient in shock was sick enough to require two
vasoactive medications. However, 84.3% of these physicians stated that they would be willing to
randomize patients on one vasoactive agent into a steroid trial. Eighty percent of those surveyed reported
using hydrocortisone as their steroid of choice within a narrow dosing range of 1-1.25 mg/kg/dose q6h.
The majority of respondents would discontinue steroids following achievement of hemodynamic stability
and only 4.3% of physicians would link their duration of therapy to the results of adrenal axis testing.
Finally, the most clinically significant and feasible primary outcome measure chosen by respondents for a
future trial was a measure of time to hemodynamic stability (61.5%). Only 4/77 respondents identified
mortality as a clinically significant and feasible outcome measure which emphasizes the perceived lower
relevance of mortality to clinicians in pediatric shock trials.
b. Multi-centre cohort study (see Appendix 1)
To complement the information obtained from the survey, we conducted a multi-centre retrospective
chart review at 4 centres in Ontario to gather epidemiologic data on the current use of steroids in shock.
Our preliminary results indicate that 6% of PICU admissions would be eligible for our proposed RCT and
that approximately 50% of these patients are administered steroids. The patients who receive steroids are
significantly sicker than those who do not, [PRISM 13 (9-12) vs 9 (5-16), P <0.0001], but despite this do
not appear to have a higher incidence of gastrointestinal bleeding or secondary infections. Given that
steroids are currently used to treat more severely ill shock patients, it is not possible to retrospectively
determine the effect of steroids on clinically important outcomes in shock which lends further support to
the need for an RCT to answer this question. Further preliminary results from this study are provided in
the relevant sections of this proposal.
1.3.5 Summary
Given the poor methodological quality of the existing pediatric randomized controlled trials, the
variability in target populations and steroid dosing regimens studied, contradictory results from adult
trials and the lack of information on potential adverse effects, it has been difficult to develop evidencebased guidelines for critically ill children with shock. The management of these patients remains highly
variable with many critical care physicians having strongly held beliefs both for and against the use of
steroids in this population (31;32). Ultimately, a pragmatic trial, carefully designed with broad based
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input, is necessary to provide clinicians with the best possible evidence on which to base the decision of
whether or not to use steroids in the management of these pediatric patients.
1.4 Relevant systematic reviews and the need for this trial in light of these reviews.
We have recently published a systematic review (7) on the use of steroids in pediatric shock. The
review identified eight small RCTs and concluded that “The literature on the use of steroids in pediatric
shock is limited in amount, methodological quality and demonstrates conflicting results. The limited
evidence on which current guidelines are based strongly supports the need for a well-designed, pragmatic
randomized controlled trial on the use of steroids in pediatric shock to inform future guidelines”. There
are also two RCTs currently listed on www.clinicaltrials.gov. One of the studies has been stopped early
due to difficulties with recruitment felt to be due to the complicated nature of the protocol and inability to
obtain consent in time (see e-mail correspondence with PI, Appendix 2). Attempts to contact the primary
investigators of the other trial have been unsuccessful and their website (Septic Shock em Steroids out of
Brazil) has not been updated since January, 2010. It is therefore unlikely that either of the latter two trials
will be able to answer the question of whether steroids improve outcomes in pediatric shock.
Steroid trials in pediatric shock have been plagued by difficulties with recruitment, small populations
and very complicated study protocols (53). The important differences with our proposed trial are that it
has been preceded by a large amount of background work, designed with broad based input (the Canadian
Critical Care Trials Group, many pediatric critical care practitioners in Canada and basic science experts
in the field), will likely use a deferred consent model in 5/7 centres and uses a pragmatic trial design that
mimics the way clinicians approach shock patients, all of which should contribute to its success.
1.5 How will the results of this trial be used?
Results of the STRIPES Pilot Study will provide essential feasibility data for planning and conducting
a larger, multi-centre trial that will help to establish the role of steroids in children with fluid and
vasoactive infusion dependent shock. There are special challenges to patient recruitment in critically ill
pediatric populations, adherence to treatment protocols and to the limitation of open label use of steroids,
all of which the STRIPES Pilot study will help to address. Success of the STRIPES Pilot Study will be
based on the ability to achieve each of the three feasibility objectives (Section 1.2.2), the measurements of
which are described in Section 2.8. If the pilot study demonstrates feasibility, no major protocol changes
are needed and no safety concerns are raised by the DMSB, then the results of the pilot study will be
rolled into the full trial. However, if any of the above criteria are not met, then the protocol will be reevaluated and the feasibility results of the pilot study published independently.
1.6 Risks to the safety of participants in the trial.
This trial poses no incremental risk to the safety of participants compared to usual care. As
demonstrated by our multi-centre chart review as well as our published survey, corticosteroids are
currently used for ~50% of the patients that would be enrolled in this trial (32). Therefore patients in both
arms of the trial will be treated by regimens that fall within the current standard of care and therefore do
not incur an added risk by participating in this trial. Even if patients were to receive open label steroids
following randomization to the steroid arm, their total hydrocortisone dose would still fall within the
recommended acceptable dosing range for shock (1 to 50 mg/kg). The incidence of potential adverse
effects of steroids including secondary infection, gastrointestinal bleeding and hyperglycemia will be
recorded in all participants.
2. The Proposed Trial
2.1 Proposed trial design
The STRIPES Pilot Study is designed as a pragmatic, multi-centre, double blinded, RCT that will
enroll 72 patients from 7 pediatric centres. A pilot study is necessary in order to demonstrate feasibility
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and compliance with the protocol prior to going forward for the full trial (see sections 2.8.1, 2.12, 2.13).
Patients will be recruited from the Emergency Department (ER) and PICU within 6 hours of being started
on a vasoactive agent. Research ethics board approval will be obtained from all participating centres and
application for deferred consent will be made at 5 sites (Ottawa, Vancouver, Calgary, Hamilton and
Halifax, see letter of support from CHEO REB). Deferred consent will not be possible in Quebec. Health
Canada approval is not required as hydrocortisone is approved for use in children at the doses proposed
and for the indication for which it is being used in this study (see product monograph, Appendix 3).
2.2 Trial interventions: experimental and control.
We will conduct a pragmatic trial to compare intravenous hydrocortisone versus an intravenous
normal saline placebo. As such, the prescriptive component of the protocol will be limited to the
administration and weaning of the study drug. The fluid and vasoactive infusion management in both
arms will not be dictated by the study protocol but will be according to the treating physician, guided by
the therapeutic targets defined by the Surviving Sepsis 2012 Guidelines (33). Please see Appendix 4 for a
flow diagram of the protocol and Appendix 5 for the Surviving Sepsis Pediatric Guidelines.
2.2.1 Experimental Group
Patients randomized to the hydrocortisone arm will receive a 2 mg/kg hydrocortisone IV bolus on
enrolment followed by 1 mg/kg of hydrocortisone IV q6h until the patient has not had an escalation in
therapy (as defined by an increase in their vasoactive infusions or a fluid bolus such as normal saline,
albumin or any other blood product) for at least 12 hours. If they meet these criteria their hydrocortisone
will be weaned to 1 mg/kg every 8 hours which will be continued until they are off all vasoactive
infusions for 12 hours. If following the initial hydrocortisone wean, the patient requires fluid boluses
and/or an increase in their vasoactive infusion(s), their hydrocortisone will be increased back to 1 mg/kg
of hydrocortisone IV q6h until they meet stability criteria again. Hydrocortisone will be continued for a
maximum of 7 days after which weaning of the hydrocortisone will not be required. Therefore,
hydrocortisone will be stopped once the patient has been off all vasoactive infusions for 12 hours, or once
7 days have passed (whichever occurs first). If a vasoactive infusion is re-started after hydrocortisone has
been stopped, but it is still within the 7 day window, hydrocortisone will be re-started at q6h then weaned
and stopped as described above. If restarted, study drug will still be continued for a maximum of 7 days
from the time of the initial dose of study drug was given at enrolment. Hydrocortisone will be made up as
a 10 mg/ml solution and so the volume of added fluid will be very small (2 to 10 mls even for the initial
dose of 2 mg/kg). The requirement for intubation, mechanical ventilation, sedation and analgesia, use of
hemodynamic triggers and endpoints, red cell transfusions, antibiotics and fluid boluses will be left to the
discretion of the treating physician. The Surviving Sepsis Guidelines Flowchart will be attached to the
study protocol for easy reference by the treating physician but its use will not be mandated; however, the
use of vasoactive infusions and other therapies will be recorded. Patients with access for blood sampling
will have blood samples sent for mechanistic studies (see section 2.2.3.b).
2.2.2 Control Group
Patients will receive placebo consisting of normal saline equivalent in volume to the appropriate dose
of hydrocortisone. The remainder of the protocol will be as per the experimental group.
2.2.3 Both Groups
a. Justification of Protocol
i. Pragmatic approach
There are many challenges to conducting RCTs in pediatric critical care resulting in trials not being
completed or simply not attempted (55).The potential reasons for this include small numbers of eligible
patients, difficulty in obtaining consent in vulnerable populations, inability to locate legal guardians for
time sensitive research and use of protocols that require extensive amounts of blood work, investigations
or additional tests and medications to confirm eligibility or maintain enrolment (56). Therefore in
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designing this trial it is essential that we attempt to minimize the impact of these potential barriers to
feasibility. Our proposal has several pragmatic aspects which include: 1) minimizing additional tests and
interventions for study patients and 2) providing the Surviving Sepsis Guidelines for the administration of
fluids, antibiotics and vasoactive agents to the treating physician but not mandating their use. Although
we will encourage attending teams to avoid open-label steroid use and carefully record any such
occurrence, we will not refer to open-label use as a protocol violation so as to not deter enrollment and to
encourage buy-in. Furthermore, the ability of treating physicians to use open label steroids if they wished
was mandated by our Research Ethics Board in order for them to approve use of a deferred consent
model. Our pragmatic approach has several advantages: 1) it will mimic the manner in which clinicians
manage patients with shock thus encouraging recruitment and generalizability of the results; 2) there is
insufficient evidence on the use of specific vasoactive agents in shock to justify protocolizing them (57)
and 3) there is precedent for this approach in critical care trials (58;59).
ii. Recruitment time window
Shock is a progressive process characterized by an early compensated phase in which adaptive
mechanisms act to maintain blood pressure and maintain tissue perfusion, an uncompensated phase where
the compensatory mechanisms fail and the patient requires, and may still respond to, therapeutic
interventions and a final irreversible stage where shock progresses to organ and tissue injury leading to
permanent disability and even death (1). The goal of shock therapy is to prevent progression to the third
stage where irreversible organ damage occurs; therefore it is critical that any potential therapy, including
steroids, be given early which is why we have chosen a 6 hour cut-off for enrolment. As outlined in
Section 1.3c, this may explain why Sprung et al did not find a difference in mortality rates with steroids
(enrolled patients up to 72 hours post shock) while Annane et al did (enrolled patients within 8 hours).
iii. Use of a deferred consent model
Deferred consent will be sought in five of seven centres (see details of consent process in Section
2.3.1) as experience from the CCCTG has shown that enrolment of patients within 6 hours of being
started on a vasoactive agent may be problematic without a deferred consent model (53;60). This
approach is supported by the Tri-Council Guidelines article 3.9 for the conduct of research in the
Emergency settings (61) and is viewed by nurses and physicians as being as effective, ethical, and feasible
as a standard consent model in these circumstances (62). The five sites have all been successful at
obtaining deferred consent for previous pediatric acute care trials in Canada and preliminary discussions
with the local REBs at these sites for this proposal have been favourable (see letter of support from one).
iv. Adrenal axis testing
Adrenal axis testing will not be required in this pilot study for several reasons. The first is that the
preliminary data from our retrospective study indicates that only 8% of shock patients had this testing
done as part of their routine clinical care. Furthermore, performance of ACTH testing would also delay
administration of study drug, ACTH is not consistently available and finally, studies have not found a
consistent link between the results of such testing and a clinical response to steroids (10;28).
v. Steroid dosing regimen
Hydrocortisone has been the most commonly used corticosteroid in large randomized controlled
shock trials (28;29) and is currently the most commonly used steroid for treatment of pediatric shock as
evidenced by our survey (80% of respondents) (32) and previous RCTs in the field (28;29). The
recommended dose on the product monograph (see Appendix 3) and the Surviving Sepsis Guidelines (33)
for the treatment of shock ranges from 4mg/kg/day to 50 mg/kg/day. The most commonly used dose in
our retrospective study and survey as well as in the most recent pediatric randomized controlled trial (3)
was 5 mg/kg/day with many respondents using an initial bolus dose of 2 mg/kg. Therefore, we will use a
dosing regimen of a 2 mg/kg bolus followed by 1 mg/kg/dose q6h. There is no clear evidence to support
the duration of therapy but most guidelines suggest continuation of steroids until the patient is
hemodynamically stable (33). Limited evidence has suggested that abrupt cessation of corticosteroids in a
stable shock patient may lead to rebound hemodynamic instability and resurgence of inflammatory
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markers (63); therefore we have elected to initially wean the hydrocortisone to 1 mg/kg/dose q8h and then
discontinue steroids when all vasoactive medications are stopped or for a maximum of 7 days.
b. Mechanistic studies
The exact mechanisms for hemodynamic instability in shock as well as markers of shock severity and
prognosis are currently not well understood. Therefore although the primary focus of this pilot study is to
determine the feasibility of conducting a clinical outcome based RCT of steroids versus placebo in shock,
this pilot also provides an excellent opportunity to perform some exploratory mechanistic studies. These
will include 1) comparison of total and free cortisol levels of patients with shock 2) measurement of
stratification biomarkers and 3) determination of 25 hydroxyvitamin D and 1,25 hydroxyvitamin D levels
on admission. The rationale for the choice of the above three studies and procedures involved are outlined
in Appendix 6. Although our group has had previous experience in processing lab samples from other
centres (12), we will use this pilot to determine the feasibility and viability of sending a small number of
samples from across the country to a central lab, then separating the samples and storing them at -80°C
and finally sending the aliquots to three different labs for analysis.
2.3 Allocation of participants to trial groups
2.3.1 Identification of patients
Eligible patients will be identified in the ER and PICU by nurses, attending physicians and trainees at
the time the patient is started on a vasoactive agent. All ER and PICU staff will be made aware of the
study through information sessions, posters in the ER and PICU, weekly rounds with the research
assistants and weekly e-mails.
a. Consent Process in Centres with Deferred Consent
Once a patient’s study eligibility has been confirmed, the patient will be enrolled and randomized using a
deferred consent process (see Appendix 7). As soon as a legal guardian is available, the healthcare team
will provide a pamphlet that outlines the study into which their child has been enrolled and contains
information on how to contact the study research assistant and the study site investigator for further
information as well as to discuss consent for ongoing participation in the study. The pamphlet will also
contain a statement encouraging the family to ask the healthcare team to page the study research assistant
when they are ready to speak with them. A simple poster will also be placed on the wall in the patient’s
room in PICU stating that the child has been enrolled in the STRIPES study and containing the relevant
contact information. In addition, the study research assistant will contact a member of the patient’s
healthcare team when the patient is settled in PICU to ask them about an appropriate time to speak with
the family. Once the MRP determines that it is appropriate, and the health care team has asked the family
if study staff can approach, a member of the study team will approach the family for consent. If consent
for subsequent participation is declined, the patient will not receive further study drug, data already
collected in the case report form will be retained in the database and research assistants will ask legal
guardians for permission to continue with data collection to the end of the study period (hospital
discharge or death), and to analyze any collected blood samples.
i.
Procedures for Consent if Legal Guardian is Present
If appropriate, an attempt will be made to obtain informed consent prior to enrollment when the legal
guardian is present. If there is sufficient time available for study staff to approach the legal guardian
and fully explain all aspects of the study, and sufficient time available for the legal guardian to read
the consent form, ask questions, and truly consider study participation, informed consent will be
obtained prior to participant enrollment. If, on the other hand, the available time would not allow for
true informed consent, the patient will be enrolled using the deferred consent model described above
(Section 2.3.1.a), and informed consent would be obtained as soon as possible after enrollment.
ii.
Procedures for Discussion if Patient Dies prior to Consent
In the event that a patient enrolled using deferred consent dies before study staff speaks to the
family about consent, the family will still be notified by the MRP of their child’s enrollment into the
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study. As soon as the MRP determines that it would be appropriate, the MRP will ask the family if the
Site Investigator can speak to them. The Site Investigator will then approach the family to fully
explain the study, and ask the family whether they would like their child’s data to remain in the study
database or be destroyed. If the family decides that their child’s data can be included in the study, the
Site Investigator will have the legal guardian sign the consent form.
iii. Reporting of Adverse Events Attributed to the Deferred Consent Model
Any adverse events that occur during the conduct of the study that could be attributed to the
deferred consent model will be reported to the Principal Investigator, and to the REB at the Study
Coordinating Centre (Children’s Hospital of Eastern Ontario). If requested, a copy of this REB report
will also be sent to the REB at other participating sites.
In addition, the Principal Investigator will submit a report to the CHEO REB with the first annual
renewal, or after the first 5 patients have been enrolled (whichever occurs first) to summarize the
operationalization of the deferred consent model. If the CHEO REB has any concerns with the report,
the deferred consent model may be adjusted to rectify identified issues. If requested, a copy of this
REB report will also be sent to the REB at other participating sites.
b. Consent Process in Centres without Deferred Consent
In the centres without deferred consent, consent from the legal guardian will be requested as soon as
the patient is deemed eligible and as soon as a guardian is available.
2.3.2 Randomization of patients
The Methods Centre at the Ottawa Hospital Research Institute (OHRI) will generate a randomization
list stratified by site in order to account for site specific practice variation. Patients will be randomized 1:1
using random variable block sizes (2-4 patients/block) to avoid substantial imbalance in the number of
patients assigned to each group given the small size of this pilot study. Randomization will be
accomplished using an electronic web page as follows: when an eligible patient is identified, the site
research assistant will go to the webpage and check off the eligibility and exclusion criteria. The patient
will then be assigned an ID number and the site pharmacist will receive an email with the ID number and
the treatment allocated.
2.4 Methods for protecting against sources of bias
2.4.1 Allocation concealment:
The randomization lists will only be accessible to the Methods Centre at the OHRI and will not be seen by
anyone directly involved with the study. The active drug and placebo (hydrocortisone and normal saline)
will be identical in appearance, volume and smell as hydrocortisone is made up in normal saline and
dissolves completely with no visible precipitate.
2.4.2 Blinding:
All study personnel (the overall study research coordinator, research assistants, site investigators,
principal investigator, co-investigators, data management personnel and statisticians), members of the
health care team (treating physicians, bedside nurses, and clinical pharmacists) and patients/families will
be blinded to the study group assignment.
2.4.3 Other Sources of Bias:
Time to first antibiotic dose, volume of resuscitation fluid and red cell transfusions and vasopressor score
(64) will be recorded and compared to determine if these co-interventions which are felt to influence the
outcome of shock are similar between the two groups.
2.5 Eligibility Criteria
2.5.1 Inclusion Criteria
1) Children newborn to 17 years; and 2) on any dose of any vasoactive infusion for between 1 to 6 hours.
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Justification of inclusion criteria:
We have chosen to include children with a wide range of underlying diagnoses because the evidence
suggests that diverse populations of patients may benefit from steroid replacement therapy (12) and
attempts by researchers to link steroid responsiveness to specific biochemical testing in the clinical setting
have been unsuccessful (21;28;29;65;66).
2.5.2 Exclusion Criteria
Patients: 1) who have known or suspected hypothalamic, pituitary or adrenal disease; 2) who are currently
receiving steroids for shock prior to randomization; 3) who are expected to have treatment withdrawn; 4)
who are premature infants; 5) who are pregnant; 6) post cardiac surgery; 7) who received their first dose
of a vasoactive infusion more than 24 hours after PICU admission; 8) who are no longer on a vasoactive
infusion at the time of study enrollment and/or who are expected to no longer be on a vasoactive infusion
at the time the first dose of study drug is administered; 9) for whom primary cardiogenic shock is strongly
suspected; 10) for whom spinal shock is strongly suspected; 11) for whom hemorrhagic or hypovolemic
shock is strongly suspected; 12) who were previously enrolled in the STRIPES study; 13) who were
started on a vasoactive agent for reasons not related to shock; and 14) physician refusal.
Justification of exclusion criteria:
The dose and type of steroid used for the treatment of cardiogenic and spinal shock are different than
in fluid and vasoactive infusion dependent shock and steroids have no role in hemorrhagic or
hypovolemic shock. Therefore these conditions will be excluded and their diagnoses determined as per
the treating physician. Our retrospective chart review showed that in 146/149 medical patients, the cause
of shock were correctly identified by treating physicians at the time of admission to the PICU.
Cardiogenic shock was missed in two patients and hypovolemic shock was subsequently diagnosed in the
third. Inclusion of such patients in this steroid trial (with targeted, moderate dose corticosteroids) would
not cause harm to these patients but may dilute any therapeutic effect seen unless such patients are equally
distributed between the two groups. The number of such patients included will be recorded.
Eligible Non-Randomized Patients:
When eligible patients are not enrolled, we will classify the reason for non-enrolment as:
1) Refusal from patient and/or legal guardian (specifying details if provided); 2) Inability to contact legal
guardian in centres without deferred consent (specifying details); 3) lack of availability of the research
assistant and 4) Patient died before enrolment. We will also record age, gender and PRISM III scores on
these patients to determine if there are demographic differences between eligible patients who are and are
not enrolled.
2.6 Duration of treatment period
The proposed duration of treatment will range from a minimum of 14 hours (loading dose plus one
dose 6 hours later followed by one q8h dose) to a maximum of 7 days of study drug. A duration of 7 days
was chosen in order to minimize the risk of adrenal suppression and because our survey (32) showed that
clinicians do not use corticosteroids for shock for greater than 7 days.
2.7 Frequency and duration of follow up
Outcome data including survival status and frequency of adverse events will be collected daily until
death or discharge from hospital.
2.8 Primary and secondary outcome measures
2.8.1 STRIPES Pilot Trial:
Primary outcome:
1) The primary feasibility objective will be the patient accrual rate over one year.
Our goal is to recruit 72 patients over one year. However, we will consider patient accrual to be adequate
if we recruit 60 patients from seven sites within this time period. We will also assess potential barriers to
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recruitment including lack of a deferred consent model, physician and guardian related consent issues,
availability of research personnel and the narrow recruitment window.
Secondary Outcomes:
1) Adherence to the protocol:
a. Time to administration of the first dose of study drug (goal is <8 hours from starting a vasoactive
medication, i.e. randomization within 6 hours and drug administration complete within 8 hours);
b. Weaning of drug to q8h when hemodynamically stable (goal is to wean within 12 hours of no
escalation of therapy);
c. Discontinuation of drug when off all vasoactive medications (goal is to discontinue between 12 and 18
hours of vasoactive medications being stopped);
We will consider adherence to our protocol to be adequate if criteria a to c are met in 80% of enrolled
patients (approximately 48/60).
2) Open label steroid use:
a. Frequency of open label steroid use and
b. Clinical parameters of patients in whom open label steroids are administered.
We will consider the number of patients started on open label steroids to be acceptable if it occurs in
fewer than 10% of patients (approximately 6/60).
3) Incidence of the following clinical outcomes in the two groups:
a. Time to discontinuation of vasoactive infusions and mortality (blinded to allocation);
b. adverse events (specifically: severe bleeding, secondary infections and use of insulin infusions).
The time to discontinuation of vasoactive agents will be used to better estimate the sample size for the full
study. The mortality rate and incidence of adverse events will be also measured in aggregate (i.e. the
whole cohort) in order to provide a better baseline estimate of these outcomes in our study population.
4) Blood sampling for mechanistic studies
a. The percentage of patients from whom blood samples are sent
b. The percentage of samples sent that are successfully received and analyzed in their respective labs.
2.8.2 Full STRIPES Trial:
Primary Outcome: The primary outcome for the full trial will be time to discontinuation of vasoactive
infusions. This primary outcome measure is supported by the pathophysiology of corticosteroids in shock,
the opinion of experienced clinicians (22;23;25;26;32) and previous pediatric shock trials (3;53).
Secondary Outcomes: Secondary outcomes will be: 1) PICU mortality; 2) new organ dysfunction as
measured by MODS (67); 3) PICU length of stay; 4) duration of mechanical ventilation and 5) rate of
adverse events. The mortality rate of 2-8% in this pediatric patient population as well as the lack of a
consistent mortality difference in adult studies makes mortality rate infeasible as a primary outcome
measure (32). Furthermore, incorporation of mortality using a non-inferiority boundary would require a
sample size in the thousands which is not feasible in pediatric critical care.
2.9 Outcome measure follow up
We will evaluate recruitment by recording the total number of patients enrolled and the number of
enrolling sites on a monthly basis. Each centre will keep a screening log of all patients meeting inclusion
criteria (See Appendix 8), which we will use to further scrutinize the appropriateness and impact of our
exclusion criteria. In addition we will explore contributors to enrolment rates by recording the number of
eligible non-randomized patients, particularly those related to lack of consent from physicians or
patients/families as well as lack of availability of research personnel on evenings and weekends. This
information will allow us to assess the need for physician education initiatives, deferred consent only
centres and increased funding for on call research personnel for the full trial. We will also track the total
number of eligible patients per centre and use this to inform the number of available patients.
Adherence to the protocol will be assessed by recording the timing of study drug administration and
cessation and the times of initiation, modifications and discontinuation of vasoactive medications.
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Open label steroid use will be recorded as the use of any steroid during the time that the patient is in
the PICU. The reasons for open label steroid use will be recorded by the research assistant along with the
vital signs of the patient at the time the open label hydrocortisone is administered. This information will
be used to understand the reasons for open label use, and if needed will inform modifications to the design
of the full study.
2.10 Health service research issues to be addressed
The STRIPES pilot trial will not include health services research issues. It will, however, include the
collection of data to determine the daily cost of being in the PICU for patients enrolled in the pilot study
as these costs have not been previously documented in Canada. These costs will include those related to
hospital (base rate, nursing ratios, etc), patient (ECMO, CVVH etc) and family factors (distance from
home etc) and will be used to develop a PICU costing model. The results of this data and subsequent
model development will be used to inform a cost effectiveness sub-study for the full STRIPES trial.
2.11 Sample Size
2.11.1 STRIPES Pilot Trial:
We expect to enroll 72 patients. This target number will allow us to assess our feasibility objectives over a
reasonable time period (one year) and will allow each centre to recruit between 6 and 24 patients. This
will allow us to test the acceptability of our eligibility criteria as well as open label steroid use at 7 sites
and with exposure to 50 different clinicians. With 60 patients, we will have the ability to detect an
adherence rate of 80% ± 10% (meaning 80% ± 10% of study patients will have fewer than 10% of
monitored values as violations).
2.11.2 Full STRIPES Trial:
With an estimated mean time to come off vasoactive agents (primary outcome measure for the full trial)
of 70 hours in the placebo group versus 46 hours in the steroid group (3;53), a randomized trial with 80%
power and a 2-sided alpha of 0.05 would require a total of 185 patients. However, it would be unrealistic
to assume that there will be no withdrawal of the patients from the study due to the use of open label
steroids, treating physician request for withdrawal and families not providing deferred consent. With an
estimate of patient loss of up to 20% (10%, 5% and 5% respectively for each of the reasons listed above),
we would require a total of 232 patients to achieve 80% power. Our pilot study will allow us to determine
more accurate estimates of patient loss as well as how many sites will be necessary to complete the full
trial within a reasonable time period of 3-4 years.
2.12 Recruitment and Feasibility of Recruitment
The planned recruitment rate is 72 patients over one year which is also the primary outcome measure
for this feasibility trial. We have, however, allotted 18 months for recruitment since it is likely that all
sites will not start at the same time due to varying time requirements for ethics approval and contract
completion. We expect to recruit an average of 6 patients per month between seven centres with a range
of 6-24 patients per centre (over the recruitment period). The numbers of eligible patients shown below
are based on data obtained from our published survey as well as from the Ontario wide retrospective chart
review. The sites have reported that if adequate funding is provided for on-call coverage by the research
assistant, there will be staff available to cover ~80% of the shifts. The consent rates shown are based on
our previously published work on factors affecting consent in PICU studies in Canada (56).
Site
Vancouver
Calgary
Hamilton
Ottawa
Montreal
Children’s

Eligible Patients
30
30
20
24
30
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24
24
12
20
24

Consent Obtainable
12
12
6
12
12
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24
12
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2.13 Compliance
Compliance is likely to be high as the protocol is simple and closely follows usual clinical practice in
these patients. This assumption is based on experience from the Vasopressin in Pediatric Shock (VIP)
study which was a randomized controlled trial of vasopressin versus placebo in pediatric vasodilatory
shock which used many of the same sites and investigators as our current proposal. Despite utilizing a
more complex protocol and recruiting sicker patients the VIP trial only had only two protocol violations
and was successfully completed (53). It is possible that open label steroid use will be higher than the
anticipated 10% rate; however, we will collect specific data on the circumstances in which this occurs in
order to provide more targeted education around this practice in the full trial. Adherence to the STRIPES
protocol will be recorded as an outcome measure in our pilot study.
2.14 Loss to follow up
Follow up for the STRIPES study ends at hospital discharge or death. Therefore we anticipate a
follow up rate of 100%.
2.15 Participating centres
The following 7 centres will participate in the STRIPES Pilot Study (see letters of collaboration): 1)
BC Women and Children’s Hospital; 2) Alberta Children’s Hospital 3) Hamilton Health Sciences; 4)
Children’s Hospital of Eastern Ontario (Ottawa); 5) Montreal Children’s Hospital; 6) Ste. Justine
(Montreal); and 7) IWK Health Centre (Halifax). At least 80% of practicing intensivists in each of the
participating centres stated, in our recently published survey, that they would be willing to randomize
patients in a trial of steroids for pediatric shock (32). Furthermore, the Canadian PICU community in
Canada has a very strong track record of leading and completing multi-centre pediatric critical care
studies (12;53;56;68;69).
2.16 Analysis
To meet the feasibility objectives of this pilot RCT we have planned descriptive analyses. We will
present point estimates of recruitment, feasibility events (including adherence to protocol) and open label
steroid use, as proportions with 95% confidence intervals. We will present continuous data as means and
standard deviations, or medians and inter-quartile ranges, as appropriate.
With respect to patient recruitment, our goal is to enroll a minimum of 60 patients at 7 sites over a
one-year period. Failure to do so will prompt us to modify our plans for a future trial. If our recruitment
rate is as anticipated, or better, we will not modify eligibility criteria. If our recruitment rate is marginal
(that is, barely achieves our goals), we will examine the number of patients excluded on the basis of each
exclusion criterion, and will reconsider the necessity for any criterion that has resulted in a large number
of excluded patients. We will record the number of eligible non-randomized patients and reasons for nonenrolment, and on the basis of these results we will consider deterrents to randomization and methods to
enhance enrolment of eligible patients.
With regards to protocol adherence, we will collect a great deal of relevant data, and will monitor a
subset of these data in real-time. We will analyze protocol violations with a view to possible
modifications of study procedures and protocols. With respect to open label steroid use, we will calculate
the proportion of patients in each group who receive open label steroids. We will review respiratory and
hemodynamic variables at the time of open label steroid use, along with clinician notes, in an effort to
improve upon future compliance.
2.17 Frequency of analyses
Due to the small sample size and short duration of this pilot trial, we have not planned for any interim
analyses. We have planned, however, to provide the STRIPES Data Monitoring and Safety Committee
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with analyses by group (blinded as group A and B) at the completion of this pilot RCT. These analyses
will include relative rates of gastrointestinal bleeding, infections and hospital mortality. We will control
for centre and provide both unadjusted analyses and analyses adjusted for age and PRISM score.
2.18 Subgroup analyses
Due to the pilot study design of the trial and its short duration, no subgroup analyses are planned.
2.19 Has any pilot study been carried out using this design?
This proposal is to conduct the STRIPES Pilot Study. We have, however, collectively completed an
extensive amount of background work as detailed in the Summary of Progress page and in Section 1.3.4.
3. Trial Management
3.1 Day to day trial management
The Children’s Hospital of Eastern Ontario Clinical Research Unit (CHEO CRU) will be the
coordinating centre for this study with support from the Ottawa Hospital Research Institute (OHRI). The
PI and overall study coordinator (Katie O’Hearn), along with the CHEO CRU will be responsible for the
day-to-day operations of the trial. The OHRI will be responsible for randomization and statistical
analysis. Both research institutes have a strong track record in helping to complete multi-centre critical
care studies (12;53;68).
Clinical research assistants at each site will work with site investigators on start-up activities (REB
applications; study contract; organizing study materials; local in-services) and will attend a start-up
investigators’ meeting that will be coordinated with a Critical Care Trials Group Meeting in order to
minimize costs and extra travel. Thereafter, local research assistants will screen, consent and enroll
patients, complete electronic case report forms, and respond to data queries from the CHEO CRU. Site
investigators will be available for local support. Research assistants at each site will maintain a daily
paper screening log (see Appendix 8) which will track every patient who meets inclusion criteria. These
screening logs will be faxed monthly to the coordinating centre. Monthly audit and feedback will maintain
frequent communication between the CHEO CRU and participating ICUs and will help to identify
potential problems and their solutions for recruitment.
Data for each patient will be entered by research assistants at each site and managed using an
electronic data capture tool, REDCap (Research Electronic Data Capture) which will be hosted at the
CHEO CRU (70). REDCap is a secure, web-based application designed to support data collection for
research studies. Pre-defined ranges for all data values will be set up in this application to allow data entry
personnel to validate data as soon as it is entered and send data queries immediately. Missing data will be
similarly managed. Protocol violations will be audited and recorded for each patient recruited. The data
generated will then be exported as a SAS file for statistical analysis.
Emergency and Intensive Care physicians will communicate with local research assistants about
patient eligibility and study protocols. Emergency and Intensive Care physicians, research assistants, and
site investigators will have access to a 24-hour pager for support from a member of the STRIPES Steering
Committee with respect to any clinical queries or concerns, and will have access to the Study Coordinator
during regular working hours.
The timeline for the study is shown below. The six month delay from the time of funding to study
start up is due to the inability of participating centres to submit the proposal for ethics approval and
contract completion until the funding has been obtained. Experience with numerous multi-centre studies
by the Canadian Critical Care Trials Group (12;53;56) has shown that this process takes six months on
average and up to ten months at some centres.
Jan-June 2014
REB applications; study
contracts; organizing

Jul – Aug 2014
Start-up including
local in-services; site
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(likely staggered start)

Mar – June 2016
Data cleaning, final
data queries

Jul – Oct 2016
Study close out; data
analysis, manuscript
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3.2 Role of the principal investigator and co-investigators
Each applicant on this grant has contributed significantly to the development of this proposal and has
a specific role within this project as outlined below. Drs. Menon, Choong, McNally and McIntyre are
members of the Canadian Critical Care Trials Group and along with Drs. Lawson and Ramsay have an
established track record of working together successfully as a team (7;12;32;53).
The principal investigator, Dr. Kusum Menon, will be responsible for overseeing all aspects of the
project including trouble shooting day to day operations, protocol adherence, protocol amendments, data
interpretation, manuscript preparation and dissemination of results. Dr. Karen Choong has expertise in
running trials in pediatric shock and will provide practical input into issues that may arise with
recruitment as well as data interpretation and manuscript preparation. Dr. Dayre McNally’s expertise lies
in the interplay between endocrine axes in critical illness and will provide input into the analyses of the
hormone assays as well as the interpretation of these results. Dr. Margaret Lawson is an endocrinologist
with expertise in adrenal dysfunction in pediatric critical illness and has provided invaluable input into the
therapeutic protocol and will play a crucial role in the interpretation of the results and manuscript
preparation. Dr. Lauralyn McIntyre is an adult intensivist with expertise in shock trials involving
recruitment of patients in the ER and in obtaining deferred consent. As such she has been integral to
development of the protocol and will continue to provide advice on recruitment issues throughout the
study. Dr. Wong is a senior researcher and expert on gene expression and biomarkers in shock and will
conduct mechanistic studies on patient samples, provide input on data interpretation and contribute to the
final manuscript. Dr. Tim Ramsay is an experienced biostatistician who was responsible for the sample
size calculation and will have primary responsibility for the data analysis. Dr. Lynda Khalaf and Anand
Acharya have a background in economic model building and will be responsible for the development of
the model that will be used for the economic analysis of the full trial.
3.3 Trial steering committee and the data safety and monitoring committee.
The trial steering committee will consist of Drs. Menon, Choong, Lawson, McNally, McIntyre, Wong
and Ramsay. The members of the committee have extensive experience in epidemiology, clinical trials,
biostatistics, pediatric critical care, shock and adrenal insufficiency. Dr. Menon has been the PI of several
multi-centre studies in pediatric critical care as well as a co-investigator in several others (12;53;56). She
is currently a member of the steering committee of a large multinational CIHR-NIHLBI funded trial
(ABC-PICU). Drs. Choong and McIntyre have also had significant experience in leading and completing
multi-centre shock trials including VIP, FINESSE and PRECISE (53;58;71).
The Data Monitoring and Safety Committee (DMSC) will include a senior biostatistician, a pediatric
endocrinologist and a pediatric intensive care specialist all with expertise in clinical trial methodology.
The DMSC will review all serious adverse events (any serious events that the attending intensivist
believes may be directly related to enrolment in this trial) and will communicate directly with the
principal investigator. There will be no stopping rules; however, the DMSC can make recommendations
to the PI who will communicate back to the Steering Committee at the end of the trial regarding any
safety concerns for the full trial.
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Appendix 1: Multi-site Retrospective Chart Review
Summary:
We conducted a one year, retrospective observational study of patients admitted to PICU between
January and December 2011 in 4 Canadian centres in Ontario. Inclusion criteria were 1) Newborn to 17
years of age; 2) In PICU for ≤ 72 hours and 3) Receipt at least 60 cc/kg of fluid resuscitation within a 6
hour period and/or any dose of vasopressors/inotropes during the first 72 hours following PICU
admission. Exclusion criteria were patients less than 38 weeks corrected gestation.
Results:
1. Numbers of eligible patients
Site

Total Patients
Total Shock
Patients that would be eligible for
Screened
Patients
current RCT†
CHEO
598
108
30
HHSC
506
55
26
HSC*
468
148
39
LHSC
700
53
20
*Patients were screened for only 3 months because of the size of the centre. All other sites were
screened over one year from January to December 2011.
†
These patients include those with septic shock and post-operative surgical and other patients who had a
SIRS response.
2. The frequency of steroid use in patients with shock
A total of 130 patients received steroids within 72 hours of admission. In 77 of these a reason for the
steroid was recorded. In 39 of these 77 patients the reason recorded was related to adrenal suppression
and hemodynamic instability. Of these, 37 patients were given hydrocortisone and 2 patients were given
methylprednisolone.
3. The characteristics of patients in whom steroids are currently being used
Characteristic

Age – month - median (IQR)
Male sex – No. (%)
PRISM score - median (IQR)
Receiving vasopressors – No. (%)
Received ≥ 60 cc/kg – No. (%)2

All Patients
Day 1
(n=364 )
32.5 (4-131.5)
205 (56.32)
11 (6-18)
305 (83.79)
143 (39.29)

Steroids
Day 1
(n =130 )
44.0 (6 -136)
86 (66.15)
13 (9-21)
112 (86.15)
66 (50.77)

No steroids
Day 1
(n =234 )
24 (4-120)
119 (50.85)
9 (5-16)
193 (82.48)
77 (32.91)

Diagnosis
Trauma – No. (%)
Sepsis – No. (%)
Surgical – Non Cardiac – No. (%)
Cardiac surgery – No. (%)
Other – No. (%)

19 (5.2)
94 (25.8)
25 (6.9)
125 (34.3)
101 (27.8)

6 (4.6)
50 (38.5)
11 (8.5)
21 (16.2)
42 (32.3)

13 (5.6)
44 (18.8)
14 (6.0)
104 (44.4)
59 (25.2)

P value

0.24
0.0048
<.0001
0.36
0.0008
<.0001
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4. The type, dose and duration of steroid being used
This refers to the first steroid used (of any type) within 72 hours of the patient being admitted to PICU.
Steroid used
Hydrocortisone (n = 78)
Methylprednisolone (n = 31)
Dexamethasone (n = 20)
Prednisone (n = 1)
Fludrocortisone (n = 0)

Dose/kg/day
(median, IQR)
8 (3.5-15.5)
5.2 (3.9-15.0)
1.1 (0.50-3.5)
0.46
N/A

Frequency of daily dose
(median, IQR)
4 (3-4)
1 (1-2)
3 (1-4)
1
N/A

a. The reason for hydrocortisone use was documented in 43 of 78 patients. In 39 of these the reason
listed was related to hemodynamic instability.
b. In 22 of 31 patients in whom a reason for methylprednisolone was given, only 2 were given for
hemodynamic instability.
c. Hemodynamic instability was not listed as a reason for dexamethasone use in any of the 18
patients for whom a reason was provided.
5. The nature and frequency of adrenal axis testing currently being employed
Only 4 patients had ACTH testing completed and only an additional 7 patients had random cortisol
levels sent prior to starting steroid therapy suggesting that adrenal testing is very uncommon and
currently does not guide clinical practice with respect to steroid use in shock.
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Appendix 2: E-mail Correspondence with PI of British Trial
From: Faust S.N. [mailto:s.faust@soton.ac.uk]
Sent: Wednesday, May 30, 2012 9:52 AM
To: Menon, Kusum
Cc: Simon Nadel (s.nadel@ic.ac.uk)
Subject: RE: question on your steroid study

Dear Kusum,
Many apologies for missing your first email. We have really struggled to recruit to this study for
various reasons, mainly the very tight enrolment criteria needed for such a phase 2 study
(where we did not want to enrol those children with high probability of death in view of
statistical problems this can lead to).
We are in fact about to close the trial early and hope to analyse the data this summer using
slightly different techniques to those anticipated in 2006.
We very much hope to be able to present data later this year.
Yours,
Saul
________________________________________________
Dr Saul N. Faust,
Reader in Paediatric Immunology & Infectious Diseases
& Director, NIHR Wellcome Trust Clinical Research Facility,
University of Southampton,
C Level, West Wing, Mailpoint 218,
University Hospital Southampton NHS Foundation Trust,
Tremona Road,
Southampton, SO16 6YD.
Tel (PA Sue Jackson): + 44 (0) 23 8079 6883
Tel (WTCRF):
+ 44 (0) 23 8079 4989
Fax:
+ 44 (0) 23 8079 5023
Tel (NHS):
+ 44 (0) 23 8079 4335
Tel (Mobile):
+ 44 (0) 7920 765549
Email:
s.faust@southampton.ac.uk
________________________________________________
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Appendix 4: Study Flow Diagram

Patient in Shock
Vasoactive agent
Are there any exclusion
criteria* present?

*Exclusion criteria:
1. Post-operative surgery
2. Suspected primary cardiogenic shock
3. Suspected hemorrhagic shock
4. Suspected spinal shock
5. Known HPA disease
6. Pregnant
7. Currently receiving steroids for shock prior to randomization
8. Likely withdrawal of life support
9. ≤ 38 weeks gestation corrected.
10. > 24 hours in PICU
11. Vasoactive infusion stopped prior to enrollment
12. Previously enrolled in STRIPES study
13. Started on vasoactive agent for reasons not related to shock
14. Physician refusal

Yes

No
Consent

Patient is not eligible

No

Yes

Patient is not eligible

Randomize

If access for bloodwork or venipuncture being
done as part of clinical care then send blood for:
1. Free cortisol and cortisol
2. Stratification biomarkers
3. 25 OHD and 1,25 OHD
If access not available, but becomes available
within 24 hours of enrolment then send the second
two samples.

Placebo
Equivalent Volume

Hydrocortisone
2 mg/kg

Placebo
Equivalent Volume

Hydrocortisone 1 mg/kg q6h till there has
been no escalation of therapy for 12 hours or
more.

Placebo
Equivalent Volume

Hydrocortisone 1 mg/kg q8h till the patient is
off all vasoactive agents for at least 12 hours.

D/C study drug

Steroid Use in Pediatric Fluid and Vasoactive Infusion Dependent Shock (STRIPES)

Appendix 5: Surviving Sepsis Flowchart

Steroid Use in Pediatric Fluid and Vasoactive Infusion Dependent Shock (STRIPES)

Kusum Menon

Appendix 6: Mechanistic Studies
The following mechanistic studies will be performed:
i. Free cortisol versus total cortisol
The ideal method for measurement of adrenal function in critical illness is highly
controversial. ACTH stimulation testing is expensive, cumbersome and difficult to
interpret (6;24); random total cortisol levels may be affected by serum protein levels in
critical illness (55-57) and have not consistently correlated with clinically important
outcomes (6;49). Some recent studies have suggested that free cortisol levels may better
reflect adrenal function in critical illness but these studies have not been linked to
outcomes in an RCT(58;59).
ii. Stratification biomarkers
It is currently difficult to predict the outcome of patients with septic shock. Previous
studies have shown that younger age (60) was a risk factor for illness severity in these
patients. However, more recent gene-expression based work (61) has supported the
existence of septic shock sub-classes that predict mortality based on a 100-gene
expression signature. Further validation of this finding as a stratification tool for clinical
trials is still needed.
iii. 25 hydroxyvitamin D and 1,25 hydroxyvitamin D
The hemodynamic status of a patient in shock is a complex interplay between a
variety of autonomic, endocrine and physiologic parameters. Although cortisol is felt to
play an important role in this hemodynamic status, a recent study by our group suggested
that Vitamin D deficiency may have an additive effect on hemodynamic instability (62).
Patients in both experimental and control groups with existing venous or arterial
access or who are undergoing a venipuncture for blood work required for their clinical
care will have blood sent for:
1. Free cortisol (0.6 ml) and total cortisol prior to study drug being administered
2. Stratification biomarkers (0.10 ml) within 24 hours of admission
3. 25 hydroxyvitamin D and 1,25 hydroxyvitamin D (0.50 ml)within 24 hours of
admission
A total of 3 ml of blood in a red top tube will be needed for the above tests. The samples
will be separated at each centre and then shipped to the PI’s centre as per the specific test
requirements. The free cortisol and stratification biomarker samples will be batched and
then shipped to Cincinnati for analysis at the end of the study.

Appendix 7 Consent Process

Appendix 8 – Study Screening Log
STRIPES study: Patient Eligibility Screening Sheet

Month: __________________ year 20_____

Instructions: Note all eligible patients (first column). All patients should be considered eligible for inclusion if they are started on a vasoactive infusion at any time up to 24 hours postadmission to the PICU. Note: Send this report by fax to the coordinating office on the first Monday of each month at (613) 738-4287. Keep a copy of this monthly record on file.
Complete if
Complete only on NONComplete only for patients who receive vasoactive infusions
Complete only on RANDOMIZED patients
eligible
RANDOMIZED, Eligible Patients

SCREENING: hour
and date of start of
first vasoactive
infusion
(00:00;dd/mm/yy)

Hour and date of
start of first PICU
Admission
(00:00;dd/mm/yy)

List #/1) Inclusion
criteria
1) Children aged
newborn to 17
years
2) Have been started
on any dose of any
vasoactive infusion
for between 1 and
≤6 hours;

All inclusion
criteria are
present
(yes / no)
If no, specify with
the
corresponding
number(s) in list
#1 below

All
exclusion
criteria are
absent
(yes / no)
If no,
specify with
the
number(s)
in list #2
below

The patient is
eligible for
randomization
(patient with all
inclusion and no
exclusion
criteria)?
(yes / no)

Why a patient who
should have been
randomized was not
included in the study
(write number(s)
from list #3 below)

TIME ZERO: hour and
date of randomization

Number
attributed to
patient in the
STRIPES
study

Why consent was
not obtained (write
number(s) from list
#4 below)

Patient Age
(Record using
guidelines in List
#5)

Y

M

W

List #2) Exclusion criteria

List #3) Why not randomized

List #4) Why consent was not obtained

List #5) Patient Age

1)

1)

1.

1.

2)
3)
4)
5)
6)
7)
8)

9)
10)
11)
12)
13)
14)

Known or suspected hypothalamic, pituitary or adrenal
disease;
Patient is currently receiving steroids for shock prior to
randomization..;
Those who are expected to have care withdrawn;
Premature infants (<38 weeks corrected GA);
Patients who are pregnant;
Patients post cardiac surgery;
First dose of a vasoactive infusion > 24 hours after
PICU admission;
No longer on vasoactive infusion at time of enrollment
and/or expected to no longer be on vasoactive infusion
at time first dose of study drug administered;
Patients for whom primary cardiogenic shock is
suspected;
Patients for whom spinal shock is proven or suspected;
Patients for whom hemorrhagic shock is proven or
suspected.
Previously enrolled in the STRIPES study
Started on vasoactive agent for reasons not related to
shock
Physician refusal

Study site: _______________

2)
3)
4)
5)
6)
7)

Insufficient time to prepare
study package (patient given
steroids).
Randomization system not
available.
Guardian declined consent.
Guardian withdrew from
randomization.
Pediatric intensivist withdrew
patient participation.
Patient died prior to
randomization.
Unknown.

2.
3.
4.
5.
6.

Patient and/or authorized third party
unable to sign consent form.
Patient not interested in
participating.
Patient already enrolled in another
study:
Research assistant was not available.
Pediatric intensivist refused patient
participation.
Unknown.

2.

3.

4.

D

Patient
Gender
(specify
with the
number
in List#6
below)

If patient is < 1 week –
record age in days only
(Column D)
If patient is < 1 month –
record age in weeks only
(Column W)
If patient is < 1 year –
record age in months only
(Column M)
If patient is > 1 year –
record age in years and
months only (Columns Y
and M)

PRISM
III Score
(see
attached
page)

List #6) Gender
1.
2.

Male
Female

Research assistant(s): __________________________________ Total # of admissions in PICU for this month: _____

