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Abstract

Background: Randomised controlled trials (RCTs) are challenging to conduct in a paediatric critical-care
environment. Background work, including surveys and observational studies, is often used to determine disease
estimates, sample sizes and design protocols when planning such RCTs. Our objective was to determine the
necessity of performing a survey or a retrospective chart review or both when planning an RCT on corticosteroids
in the treatment of paediatric septic shock.

Methods: We compared information on corticosteroid use for moderate to severe paediatric septic shock obtained
from a survey of physician beliefs and stated practices with that obtained from a retrospective cohort study. The
survey was conducted between February and March 2012 and the retrospective study included children from birth
to 17 years of age admitted from January 2010 to June 2011. The survey and the retrospective study were
conducted at four academic tertiary care centres in Canada.

Results: Survey responses from 23 physicians and retrospective data from 81 septic shock patients were included.
The survey identified time to discontinuation of vasoactive infusions as the most feasible and clinically important
outcome for an RCT on corticosteroids for paediatric septic shock. The retrospective chart review provided means
and standard deviations for the suggested primary outcome, from which we could estimate sample sizes and justify
the minimal clinically important difference. The survey found that physicians believe that patients with severe septic
shock were most likely to benefit from corticosteroid administration but the majority stated they would be
unwilling to randomise such patients, suggesting a lack of individual physician equipoise. The combined
information from the survey and retrospective study suggested that enrolment of patients with moderate septic
shock would be more feasible but that strategies would still have to be implemented to prevent open-label
corticosteroid use.
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environments.

control trial,

Conclusions: The survey provided valuable information on the choice of primary outcome, target population and
physician equipoise. The retrospective study provided estimates of patient numbers, the minimal clinically
important difference, evidence for community equipoise and physician practice patterns. Strong consideration
should be given to performing both types of studies prior to conducting RCTs in paediatric critical-care
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Background
Randomised controlled trials (RCTs) are challenging to
conduct in paediatric critical care yet they are crucial for
guiding clinical practice. Barriers to conducting these RCTs
include difficulties obtaining informed consent [1], resist-
ance to randomisation [2] and limited funding opportun-
ities [3]. Paediatric critical-care RCTs tend to be fewer in
number, single-centred and have smaller sample sizes than
adult RCTs [4]. Due to these challenges, careful background
work is necessary to determine disease estimates, target
populations, sample sizes and whether equipoise on the
study question exists prior to conducting these trials. Sur-
veys and retrospective chart reviews are often used for this
background work [5, 6]. Surveys are inexpensive, easy to
administer and may be completed in a timely manner.
However, survey results may be difficult to interpret due to
potential sampling bias, low response rates and response
bias [7]. Retrospective cohort studies provide actual patient
data, but usually require funding and are more labour in-
tensive and subject to confounding and misclassification
bias [6]. Although the relative merits of these two method-
ologies are well known, the utility of the specific informa-
tion obtained using each of these methods in planning a
prospective clinical trial has not been evaluated.
Corticosteroid use in the treatment of paediatric septic
shock has been debated in the literature for over 40 years
[8]. Despite numerous editorials [9], reviews [8, 10] and a
limited number of small RCTs [11], the role of corticoste-
roids for treating paediatric septic shock remains unclear.
Furthermore, despite this lack of evidence, it is unclear
whether individual physicians have equipoise on cortico-
steroid use for paediatric septic shock [12]. As such, it is
uncertain whether an RCT on the use corticosteroids in
the treatment of paediatric septic shock would be feasible.
Therefore, in preparation for a future trial, both a survey
and retrospective cohort study were conducted to assess
current beliefs and practices with regard to corticosteroid
use for paediatric septic shock. Our objective was to com-
pare the specific information obtained from each of these
respective study designs to determine the need to conduct
both types of studies as background work for future RCTs
in paediatric critical care.

Methods

We examined responses from questions of a previously
published physician survey conducted between February
and March 2012 [6] and data obtained from a previously
published retrospective cohort study conducted between
January 2010 and June 2011 [7]. The original survey
included physicians from all academic centres across
Canada. However, for this study, only survey responses
obtained from paediatric intensive-care physicians at the
four academic tertiary care centres that participated in
the retrospective chart review were included. The survey
included demographic questions, questions on physi-
cians’ practice for patients with septic shock and ques-
tions regarding their beliefs relating to a RCT on the use
of hydrocortisone versus placebo in the treatment of
paediatric septic shock. Each non-demographic question
within the survey included selections from choices and,
where appropriate, an ‘other’ category where free-text
comments could be inserted.

The original cohort study included data from 327 pa-
tients with moderate to severe shock from all causes.
For this study, we extracted data from the septic shock
sub-group, which included 81 patients from birth to
17 years of age with moderate to severe septic shock.
The survey and retrospective study both defined
moderate shock as hypotension despite a minimum of
60 cm?®/kg of fluid and at least one vasoactive infusion.
Retrospective data spanned a 1-year period for all but
one centre, for which data was collected for 3 months
due to its significantly larger patient population. De-
scriptive statistics are presented for the surveys and
retrospective data. A comparison of proportions was
performed using a chi-squared test or ANOVA for
multiple comparisons between centres (SPSS version 24,
IBM Corporation, New York).

Results

The overall participant and patient flow diagram is
shown in Fig. 1. All 23 physicians included in the survey
were also responsible for patient care during the period
of the retrospective cohort study.
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Original survey
15 centres
70 respondents
(72% responserate)

Current study
4/15 originalcentres
23 respondents
(79% responserate)

Original cohort study
4 centres
327 shock patients

Current study
4 centres
81 septicshock patients

Survey respondents (n) 6
Response rate (%) 100

Cohort study patients (n)

Fig. 1 Flow diagram of survey respondents and cohort study patients for current study

Eligible patient estimates

Less than half of surveyed physicians (11/23, 48%) cor-
rectly estimated the number of patients with moderate to
severe shock treated at their site per year, with incorrect
estimates being both higher and lower than the observed
numbers. The retrospective cohort study, however, pro-
vided precise numbers of patients with mild, moderate
and severe septic shock.

Determination of the primary outcome for a trial

In total, 61% of respondents (14/23) stated that time
to discontinuation of all vasoactive infusions was the
most feasible and clinically important primary out-
come for an RCT on the use corticosteroids in the
treatment of paediatric septic shock. The retrospect-
ive chart review provided mean values with standard
deviations for time on vasoactive infusions for those
who did and did not receive hydrocortisone, from
which we could estimate sample sizes for a future
trial. None of the physicians surveyed chose mortal-
ity as the most feasible and clinically important pri-
mary outcome. In addition, the retrospective chart
review found a baseline mortality rate of 11.7% for
paediatric septic shock. As previously shown, this
would require a sample size of 7682 patients to
demonstrate an absolute mortality reduction of 2%
(relative reduction of 17%) or 1764 patients for an
absolute mortality reduction of 4% (relative reduc-
tion of 34%) [13]. Neither sample size is likely to be
feasible given that the largest paediatric septic shock
trial required pharmaceutical industry funding and
104 sites in 18 countries to recruit 477 patients in
3 years [14].

Target population for corticosteroid administration in
septic shock

When physicians were asked how likely they were to ad-
minister corticosteroids for septic shock, their responses
varied within and between each centre. Eight physicians
stated that they often or always administered corticoste-
roids (35%, 8/23) and nine physicians stated that they
infrequently or never did (9/23, 39%). The observed
frequency of corticosteroid use for septic shock did not
vary significantly between centres (36%, 6/17; 50%, 10/
20; 57%, 17/30; 71%, 10/14; P =1.00) and there was an
overall observed rate of 53% (43/81). A comparison of
stated and observed practices regarding corticosteroid
administration in septic shock is shown in Fig. 2. Despite
the low response rate from site 2, the diversity of re-
sponses is similar in all centres.

The percentage of physicians who stated they would
administer corticosteroids, would be willing to random-
ise patients into an RCT and would administer
open-label steroids at each of three levels of vasotropic
support is shown in Table 1. The percentage of patients
who received corticosteroids at each level of vasotropic
support is also shown in Table 1. A statistically higher
percentage of physicians stated they would administer
corticosteroids to patients who were on two or more
vasoactive drugs compared to those on one high dose or
one low dose of a vasoactive drug (95.7%, 22/23 vs
52.2%,12/23 vs 8.7%, 2/23; p < 0.0001). However, this is
also the population of physicians who were least likely to
randomise patients in a trial of corticosteroids for paedi-
atric septic shock (34.8%, 8/23 vs 69.6%, 16/23 vs 65.2%,
15/23; p< 0.0001) and were most likely to administer
open-label steroids (87%, 20/23 vs 30.4%, 7/23 vs 4.3%,
1/23; p < 0.0001).
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Fig. 2 Comparison of reported versus observed use of corticosteroids in septic shock patients. “The frequency of corticosteroid use is reported as
the number of septic shock patients for whom corticosteroids were administered divided by the number of patients with septic shock

Table 1 Determination of target population for an RCT on the u

se of corticosteroids for paediatric septic shock

Population 60 cm?/kg of fluid + 1 low dose 60 cm?/kg of fluid + 1 high dose 60 cm?/kg of fluid + 22 types P

of vasoactive drug of vasoactive drug of vasoactive drug value
Physicians who administer 8.7 (2/23) 522 (12/23) 95.7 (22/23) <
corticosteroids % (N) 0.0001
Patients who received 6.4 (5/81) 239 (19/81) 50.8 (41/81) <
corticosteroids % (N)? 0.0001
Physicians who would randomize 65.2 (15/23) 69.6 (16/23) 34.8 (8/23) 0.035
patients into an RCT % (N)
Physicians who would 43 (1/23) 304 (7/23) 87.0 (20/23) <
prescribe open-label steroids % (N) 0.0001

“Data from the retrospective cohort study. All other data were from the survey
RCT randomised controlled trial
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Although 95.7% (22/23) of physicians stated they would
administer corticosteroids to patients requiring two or
more vasoactive medications, only 50.8% (41/81) of such
patients received corticosteroids (p < 0.0001). These re-
sults were unchanged if the largest centre, which had the
lowest survey response rate, was removed from the ana-
lysis (100%, 16/16; p = 1.0 and 47.1%, 24/51; p = 1.0).

Existence of equipoise on corticosteroid administration
for septic shock

A summary of stated and observed corticosteroid ad-
ministration practices is shown in Table 1. Only 35% of
physicians said they would be willing to randomise sep-
tic shock patients who had received 60 cm®/kg of fluid
and were on at least two vasoactive infusions (the
population of interest) into an RCT of corticosteroids
versus placebo. In addition, 87% of respondents stated
that they would administer open-label steroids to pa-
tients meeting these criteria if they were randomised.
Interestingly however, only 50% of such patients actually
received corticosteroids in the retrospective review. Of
physicians, 70% stated they would be willing to random-
ise slightly less sick patients who had received 60 cm®/kg
of fluid and were on one high dose of vasoactive
infusion but 30% of those surveyed said they would still
consider open-label corticosteroids for this group of ran-
domised patients. In the retrospective study, 24% of such
patients received corticosteroids. The combined infor-
mation obtained from the survey and the retrospective
study suggests that enrolment of slightly less sick pa-
tients may be feasible but that strategies will still have to
be considered and implemented to prevent open-label
corticosteroid use.

Dose and duration of corticosteroid therapy

Altogether, 65% of survey respondents reported using
the equivalent of 1 mg/kg/dose of hydrocortisone q6h
and 26.1% used 2 mg/kg/dose q6h. In the retrospective
study, 56.3% of patients received 1 mg/kg/dose q6h and
26.7% received 2 mg/kg/dose q6h providing strong evi-
dence for consistency between beliefs and practices for
hydrocortisone dosing for paediatric septic shock. There
was significant variation in stated and observed practices
within and between centres, suggesting that there is no
standard duration of hydrocortisone therapy for paediat-
ric septic shock. Therefore, the RCT protocol would re-
quire a physiologic rationale for duration of therapy
rather than one based on an accepted standard of care.

Feasibility of adrenal function testing of septic shock
patients

In total, 78% of physicians (18/23) stated that they some-
times, often or always conducted adrenal axis testing
prior to giving corticosteroids to patients in shock, but

Page 5 of 8

only 5% (4/78) of patients who received corticosteroids
actually underwent testing. In each of the four centres,
equal percentages of physicians reported using cortisol
levels and adrenocorticotropic hormone (ACTH) testing
for patients with shock. However, a larger proportion of
patients who underwent adrenal function testing had
cortisol levels measured compared to ACTH testing
(73.3%, 11/15 versus 26.7%, 4/15; P=0.012). The dis-
crepancy between stated and observed rates of adrenal
function testing prompted our team to explore potential
barriers to adrenal testing rather than mandating its in-
clusion in our protocol.

Information gained in the survey and cohort studies

A summary of the information gained from each of the
respective study designs and its effect on the ultimate
design of the future RCT are shown in Table 2.

Discussion
We used a specific research question to examine the in-
formation obtained from a survey and a retrospective
cohort study to evaluate their respective utility in de-
signing a prospective RCT. We observed that both types
of study were needed to determine the numbers of eli-
gible patients, justify the primary outcome measure, cal-
culate the sample size, select the target population and
establish the feasibility of the selected protocol.
Estimating numbers of potentially eligible patients is
one of the most important tasks when planning an RCT.
Due to the limited literature on paediatric critical care
[3], there is heavy reliance on surveys when deriving es-
timates [15—18]. We found that the majority of physi-
cians incorrectly estimated the number of patients
admitted with shock at their centre, suggesting that reli-
ance on survey data alone may not provide accurate esti-
mates of eligible patients and that despite the additional
time and costs involved, observational studies are
needed [16]. In addition, the inaccuracy of the patient
estimates obtained from the survey suggest that it may
be wise to omit such questions from future surveys to
shorten the surveys and limit survey fatigue [19].
Choosing an appropriate primary outcome for an RCT
is another important component of RCT study design
and is crucial for sample size calculations [20], determin-
ation of feasibility and interpretation of the relevance of
a trial [21]. The choice of primary outcome is often jus-
tified based on the available literature. However, this ap-
proach may not always provide the most appropriate
primary outcome. A systematic review of previous paedi-
atric septic shock trials found that mortality was the
most commonly used primary outcome [13] but its use
may be limited by low baseline mortality rates in devel-
oped countries [22]. Our survey also supported the lim-
ited utility of mortality as a primary outcome in
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Information needed  Information obtained from each study design

Survey study Cohort study

Information gained by doing
both

Effect of information obtained
on RCT protocol

Overall frequency of ~ Wide variation in individual
steroid use for fluid  physician responses within

resistant septic shock and between centres centres

Use of steroids in
patients who
received 60 cm*/kg
of fluid and were on
two or more
vasoactive agents

95.6% of physicians surveyed
stated they would administer
steroids to such patients

Performance of
adrenal testing

The majority of physicians
stated that they sometimes,
often or always perform
adrenal testing prior to steroid
use

prior to steroid use

Physician willingness  84.3% would be willing to
to randomise randomise patients on one

patients high dose of vasoactive
medication. However, 743%  lower rate of steroid use
would start open-label ste- (50.8%) in the patient group
roids in patients requiring two for which 74.3% of
high doses of vasoactive respondents said they would
medication administer steroids

Dose of 65.2% reported using the 56.3% of patients received

hydrocortisone equivalent of 1 mg/kg/dose

therapy g6bh and 26.1% used 2 mg/kg/ received 2 mg/kg/dose g6h

dose géh

Overall steroid use varied
from 35.3% to 71.4% between

50.8% of such patients
actually received steroids

Only 5.1% of patients had
adrenal testing performed

Despite survey responses to
the contrary, one centre had
a high rate of empiric

corticosteroid administration

The discrepancy between the
survey and cohort study
findings suggests that
physicians believe there may
be benefit to corticosteroids
but do not always administer
them

The discrepancy between
what physicians say they do
versus what they did
regarding adrenal testing
suggests that physicians may
believe that adrenal testing

Centres with a high rate of
steroid administration and
centres with =250% of
respondent physicians stating
they often or always
administer steroids for septic
shock were not included in
the RCT

This discrepancy provided
support for the existence of
community equipoise, which
was needed as justification
for the grant to fund the RCT

We identified barriers to
conducting adrenal testing
including delays in obtaining
results, difficulty in
interpreting results and the
cost of conducting the test.

It was not possible to
determine willingness to
randomise but we observed a  suggests that physicians

1 mg/kg/dose g6h and 26.7% used 1 mg/kg/dose of

should be performed but
rarely do

Due to these findings, adrenal
testing was not required as
part of the protocol

The lower rate of actual
steroid administration

This finding emphasised the
need for a pilot RCT with
close monitoring of both the
might be open to frequency and reported
randomisation and protocol  reasons for open-label steroid
adherence in the target use

population but that open-

label steroid use would be a

significant threat to the feasi-

bility of the study

The majority of physicians The paediatric literature varies
significantly regarding the
dose of hydrocortisone for
septic shock. However, given
the consistency of the survey
and cohort study data, we
opted to use an initial bolus
of 2 mg/kg/dose followed by
1 mg/kg/dose géh

hydrocortisone with 2 mg/
kg/dose being a common
second choice

RCT randomised controlled trial

paediatric septic shock trials and provided a formalised
method for stakeholders to suggest alternative clinically
important outcomes. The survey results suggested time
to haemodynamic stability as the most clinically import-
ant and feasible primary outcome and the retrospective
cohort study allowed us to determine means and stand-
ard deviations for this outcome measure. Methodologists
have highlighted the need for rigour when determining
the minimal clinically important difference [23] and our
retrospective study provided an estimate of the differ-
ence in time to haemodynamic stability between those
who did and did not receive hydrocortisone. Thus, both
study designs contributed to the justification of haemo-
dynamic stability as a possible primary outcome.

Interestingly, none of the respondents from our survey
suggested a patient-centred measure as the most import-
ant outcome for an RCT. However, a more recent survey
found quality of life to be the most commonly chosen
primary outcome for a future RCT on using steroids in
the treatment of paediatric septic shock [24], which may
reflect a growing focus of granting agencies on
patient-centred outcomes.

The next step in designing an RCT is to determine the
target population. Inclusion criteria are often chosen
using a balance between scientific rationale and feasibil-
ity and researchers have often used surveys to establish
clinical criteria for RCTs in paediatric critical care [15,
17, 18]. Physiologic evidence suggests there is a potential
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benefit of prescribing corticosteroids to haemodynamic-
ally unstable patients [25-28], whom our survey respon-
dents defined as those who had received 60 cm®/kg of
fluid and were on two or more vasoactive infusions. Our
survey showed that only a third of physicians would be
willing to randomise such patients into an RCT and that
87% of physicians would administer open-label cortico-
steroids to such patients if randomised. This suggests a
lack of equipoise amongst individual physicians, which
could pose a significant threat to the feasibility of a trial
if not specifically addressed. Interestingly though, the co-
hort study showed that almost exactly half of such pa-
tients actually received corticosteroids, suggesting that
there may, in fact, be community equipoise on the use
of corticosteroids for paediatric septic shock. The lack of
clear evidence for benefit or harm from corticosteroids
in treating septic shock and the presence of community
equipoise together provide the ethical mandate for re-
cruitment into an RCT, further supporting the additional
value of the cohort study in preparing for this RCT.

The last step in the design of an RCT is finalising the
details of the actual protocol. The survey and cohort
study were used to explore the duration of hydrocorti-
sone therapy to be used in the protocol. However, the
significant variation in both stated and actual practice
showed that there is no accepted standard of care, which
provides good justification for the use of limited physio-
logic data and adult studies to determine the duration of
hydrocortisone for the RCT. Finally, the majority of phy-
sicians surveyed stated that they would conduct adrenal
axis testing prior to corticosteroid administration, but
the retrospective data revealed that such testing was
rarely performed. The survey results suggested that phy-
sicians are aware of the recommendations for adrenal
axis testing [29], but the cohort study found that these
recommendations were not followed. This discrepancy
between stated and observed practices led us to explore
potential barriers to adrenal axis testing. These included
the cost of ACTH, the lack of real-time availability of
test results [30] and difficulty in interpreting the results
[31]. Based on these findings, adrenal testing was not in-
cluded in the protocol.

Finally, it is important to acknowledge the potential
limitations of surveys and retrospective cohort studies.
Surveys are subject to sampling and response bias,
which may lead to a misinterpretation of true beliefs
[32]. In addition, concerns have been raised about survey
fatigue, which may limit response rates and the quality
of information obtained [6]. However, surveys are inex-
pensive, easy to administer and most importantly, still
provide a formalised structure by which to obtain expert
opinions. In our specific example, the survey provided
valuable information on choice of primary outcome, in-
clusion criteria, existence of equipoise and protocol
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details. Retrospective studies may be subject to mis-
classification bias and incomplete data but provide an
important source of preliminary estimates [19] and have
played an important role in the design of adult
critical-care trials [33]. Our chart review provided us
with estimates of eligible patients, justification for the
minimal clinically important difference and actual prac-
tice patterns.

The strengths of this study include the inclusion of
multiple centres and the novel comparison of the contri-
butions of information obtained from a survey versus a
retrospective study in the planning of a paediatric
critical-care RCT. There are, however, several limitations
to this study. Survey non-respondents may have cared
for patients within the retrospective study, thus affecting
observed values but not influencing reported practices.
However, this limitation applies only to one site as the
other sites had 100% survey response rates. Lastly, we
compared only one survey and only one retrospective
study of a single topic in a specialised group of physi-
cians and therefore, our observations may not be applic-
able to other studies or settings.

Conclusions

The survey provided valuable information on physician
preferences for the choice of primary outcome, identifi-
cation of the target population and individual physician
equipoise. The retrospective cohort study provided esti-
mates of eligible patient numbers, the minimal clinically
important difference, evidence of community equipoise
and actual physician practice patterns. A comparison of
the information obtained from each of the two study
methods provided necessary insights into the feasibility
of recruiting our target population and of conducting
adrenal function testing. Strong consideration should be
given to performing both types of study prior to
conducting an RCT in a paediatric critical-care
environment.
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