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Resuscitation in Paediatric Septic Shock Using
Vitamin C and Hydrocortisone (RESPOND): The
RESPOND Randomized Controlled Trial Protocol

OBIJECTIVES: Pediatric sepsis results in significant morbidity and mortality
worldwide. There is an urgent need to investigate adjunctive therapies that can
be administered early. We hypothesize that using vitamin C combined with hydro-
cortisone increases survival free of inotropes/vasopressors support until day 7
compared with standard care. Here we describe the Resuscitation in Paediatric
Septic Shock using Vitamin C and Hydrocortisone (RESPOND) trial protocol,
which aims to address this hypothesis.

DESIGN: Randomized, open label, controlled, parallel-group, three-arm trial with
integrated economic evaluation.

SETTING: Nine Australia and New Zealand PICUs, with interest from additional
international sites.

PATIENTS: Children between 7 days and younger than 18 years old who are
treated for suspected or confirmed sepsis and receiving inotropes/vasopressors
for greater than 1 hour.

INTERVENTIONS: IV vitamin C (100 mg/kg [maximum 5 g] every 6 hr) and hy-
drocortisone (1 mg/kg [maximum 50 mg] every 6 hr), or IV hydrocortisone alone
(1 mg/kg [maximum 50 mg] every 6 hr) or standard care.

MEASUREMENTS AND MAIN RESULTS: Three hundred eighty-four chil-
dren will be randomly assigned to receive the interventions, or standard care in a
1:1:1 ratio with stratification by steroid administration pre-randomization and hos-
pital site. The primary outcome is time alive and free of inotropes/vasopressors,
censored at 7 days. Secondary outcomes include 28-day mortality, survival free
of organ support, PICU length of stay, quality of life, functional status and neu-
rodevelopmental vulnerability at 6 months post-enroliment, and hospitalization-
related costs. Statistical analysis will be based on an intention-to-treat principle.
The study has ethical approval (HREC/20/QCHQ/69922, dated December
21, 2020), is registered in the Australian New Zealand Clinical Trials Registry
(ACTRN12621000247875), commenced recruitment on December 8, 2021,
and is expected to finish recruitment by mid-2026.

CONCLUSIONS: Dissemination of the results will occur through publication in
peer-reviewed journals, presentations at international conferences, and additional
consumer-informed pathways.

KEYWORDS: clinical trial; glucocorticoid; intensive care units, pediatric; sepsis;
septic shock; vitamin C

epsis is a leading cause of childhood death (1). Half of sepsis deaths in
children occur within 48 hours of presentation (2), implying a need for
rapidly applicable interventions to alter the disease trajectory in the pe-
diatric host observed during septic shock. Although outcomes for childhood
sepsis have gradually improved, one in six children with septic shock admitted
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@\ RESEARCH IN CONTEXT

e This is the first multicenter, multinational ran-
domized controlled trial, informed by a pilot
trial and adult studies, powered for clinical
endpoints that investigate the effect of vitamin
C combined with hydrocortisone in pediatric
septic shock.

e Trial outcomes include survival free of inotro-
pes/vasopressors as a combined measure of
severity relevant for patients and families, sur-
vival, and duration of treatments in hospital,
direct healthcare costs, and quality of life and
measures of functional status and neurodevel-
opment 6 months after randomization.

e This multinational collaboration, including
high-, low- and middle-income settings, will en-
sure that the results translate to clinical practice
quickly.

to a PICU will die, with even higher numbers in chil-
dren in less resourced settings (3).

The 2020 pediatric Surviving Sepsis Campaign
guidelines do not recommend in favor of or against
the use of hydrocortisone in children with septic shock
refractory to adequate fluid resuscitation and vaso-
pressor therapy (4). The benefit of steroids in septic
shock may be enhanced by vitamin C (5, 6), a strong
antioxidant that has been postulated to modulate mul-
tiple pathways dysregulated during septic shock (7).
Despite the biological plausibility of combining vi-
tamin C based therapies with hydrocortisone in sepsis
and initial promising studies, there is low certainty
evidence that vitamin C may reduce in-hospital and
30-day mortality in adults, conflicting with moderate
certainty evidence suggesting harm toward 90-day
mortality in adults (8).

A propensity-matched study in children with septic
shock demonstrated the safety of vitamin C, hydrocor-
tisone, and thiamine, and reported decreased 30- and
90-day mortality compared with hydrocortisone alone,
and compared with standard care without hydrocorti-
sone (9). We performed a pilot study that confirmed
the feasibility of a study protocol of early delivery of
vitamin C and hydrocortisone in children admitted to
the PICU with septic shock, permitting intervention at

2 www.pccmjournal.org

a time when a study drug may be more likely to alter
the disease trajectory (10, 11). Children with low lev-
els of vitamin C on presentation to the PICU were sig-
nificantly more likely to have single or multiple organ
dysfunction 24 hours later (12). Based on these data
and a systematic review confirming safety of high-
dose IV vitamin C in children (13), we designed the
Resuscitation in Paediatric Septic Shock using Vitamin
C and Hydrocortisone (RESPOND) trial to test the
primary hypothesis that, in children younger than 18
years with septic shock, using IV vitamin C (100 mg/kg
6 hr) with hydrocortisone (1 mg/kg 6 hr) will result in
quicker resolution of shock compared with hydrocor-
tisone alone and compared with standard care. Here
we describe the RESPOND trial protocol.

MATERIALS AND METHODS

The RESPOND trial is an investigator initiated,
planned 384-participant international, multicenter,
randomized, open-label, standard care-controlled,
parallel-group, trial in infants and children younger
than 18 years old with septic shock requiring inotro-
pes/vasopressors being conducted in nine Australian
and New Zealand (ANZ) PICUs, with additional inter-
national sites expected to join (Fig. 1).

Ethical Review

Ethical approval has been provided by the
Children’s Health Queensland Human Research
Ethics Committee (HREC/20/QCHQ/69922, dated
December 21, 2020) and respective local ethics com-
mittees. RESPOND will be conducted in compliance
with ethical standards of the responsible commit-
tees on human experimentation and the Helsinki
Declaration of 1975. Any change to the study docu-
mentation will be submitted to approving ethics com-
mittees as amendments (Table S1, http://links.Iww.
com/PCC/C580).

Participants

Infants and children with a clinical diagnosis of
septic shock, receiving inotropes/vasopressors, and
admitted to one of the participating PICUs are eli-
gible (Table 1). Specifically, use of antibiotics serves
as proxy for infection, and use of inotropes/vaso-
pressors as a proxy for shock. Our pilot study (11)
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Figure 1. Participant flow diagram.

confirmed the feasibility of this pragmatic opera-
tionalization of suspected septic shock. These crite-
ria were chosen given the controversies surrounding
the 2005 criteria for sepsis in children, which were
still based on systemic inflammatory response syn-
drome criteria (14). In 2024, the Phoenix Sepsis
Criteria (15) were released following commence-
ment of our trial; our included patients meet the
Phoenix Sepsis Criteria requirements for both in-
fection and cardiovascular dysfunction.

Pediatric Critical Care Medicine

Interventions

All eligible children will undergo standard initial
shock management including fluids and a first IV ino-
trope/vasopressor as per institutional practice (16) and
be randomized to one of three treatment arms (Table
2). Regardless of whether full study treatment is con-
tinued or not, the follow-up schedule will continue un-
changed for all randomized participants.

The drug protocol for the RESPOND trial was
changed from the previously published adult

www.pcecmjournal.org 3
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TABLE 1.
Inclusion and Exclusion Criteria
Category Criterion
Inclusion Child > 7 d and < 18 yr old and admitted to the PICU
Treatment of septic shock with inotrope/vasopressor therapy for > 1 hr
Exclusion Corrected age of < 7 d

Patients with known glucose-6-phosphate dehydrogenase deficiency

Patients with known history of oxalate nephropathy

Patients with known malaria

Patients receiving cyanocobalamin or deferoxamine

Receiving ongoing treatment with inotropes/vasopressors for confirmed or suspected sepsis or septic shock

for> 24 hr

Cardiopulmonary arrest in the past two hours requiring CPR > 2min, or death is deemed to be imminent or

inevitable

Palliative care patient/patient with limitation of treatment (not for inotropes/vasopressors, CPR,
extracorporeal life support, intubation, and ventilation)

Prior enrolment in the Resuscitation in Paediatric Septic Shock using Vitamin C and Hydrocortisone study

within the past 6 mo

CPR = cardiopulmonary resuscitation.

TABLE 2.
Study Interventions

Arm

Vitamin C

Description

Patients will receive concomitant treatment with vitamin C and IV hydrocortisone: 1) vitamin C 100 mg/

kg IV (maximum 5 g/dose) every 6 hr infused over 1 hr, and 2) hydrocortisone 1 mg/kg (maximum 50 mg/
dose) every 6 hr given as a slow IV bolus for a maximum of 3 d post-randomization

Hydrocortisone
post-randomization

Standard care

Patients receive IV hydrocortisone 1 mg/kg (maximum 50 mg) every 6 hr for a maximum of 3 d

Patients should receive care as per institutional practice. Patients can receive hydrocortisone only if

clinically indicated at the discretion of the attending PICU staff specialist. Hydrocortisone use (or
vitamin C use) will be captured as a protocol violation

metabolic resuscitation protocol (17) and our pilot
study (10, 11). Informed by component network
analyses (18) indicating a dose-response relation-
ship, this study uses a higher vitamin C dose com-
pared with most published adult trials. The dosing
of 100 mg/kg/dose (maximum 20g/d, 30mg/kg/
dose/every 6hr for 7 d used in RESPOND pilot
[11]) for vitamin C was informed by the safety data
from our systematic review (13). Thiamine that was
part of the pilot study protocol has been removed
for this trial because of the signal for potential as-
sociated harm in the component network meta-
analysis (18).

4 www.pccmjournal.org

The ANZ sites will use a sodium ascorbate formu-
lation provided by Biological Therapies (Braeside,
VIC, Australia). The same product will be used in inter-
national sites if approved by the respective regulatory
bodies. Sites in India will use locally sourced ascorbic
acid due to the drug import restrictions. Locally avail-
able hydrocortisone product formulations will be used.

Treatment Duration

Study treatments will be discontinued after shock reso-
lution—defined as cessation of inotropes/vasopressors
for at least 4 hours—or after a maximum of 72 hours.

XXX 2024 « Volume 26 « Number 00
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Attending clinicians are allowed to wean hydrocorti-
sone as per individual PICU practice. We chose this
duration of therapy as the severity of pediatric shock
and associated metabolic perturbations is highest dur-
ing the initial 72 hours (19) and given that side-effects
related to treatments may increase with prolonged
treatment. All other care is provided at the discretion
of the treating attending physician.

Study Outcomes

The primary outcome is time alive and free of ino-
tropes/vasopressors, censored at 7 days (168 hr)
(Table 3). Secondary outcomes include 28-day
mortality, survival free of organ support, and PICU
length of stay. We will also assess quality of life, func-
tional status and neurodevelopmental vulnerability
at 6 months post-enrollment, and hospitalization-

PCCM Trial

The primaryoutcomeisaligned with the published adult
study (17) and serves as a composite surrogate marker,
given: 1) it reflects resolution of shock as the primary ev-
idence of treatment effectiveness; 2) it includes mortality;
3) inotrope/vasopressor therapy is a key determinant of
escalating organ support, and duration of inotrope/vaso-
pressor therapy is a determinant of PICU length of stay in
shocked patients; 4) inotrope/vasopressor therapy dura-
tion is associated with brain and organ ischemia, multiple
organ failure, and worse short- and long-term outcomes;
5) the outcome is a proxy measure of burden to families
and patients (ie., being confined to PICU with invasive
devices, exposed to PICU therapies, fear of death); and 6)
correlates with direct healthcare costs.

Sample Size

Based on data from our pilot randomized controlled

related costs.

TABLE 3.
Study Outcomes

Type Outcome

Time alive and free of
vVasopressors

Primary

Secondary  Alive and free of multiple

organ dysfunction

Survival

Length of stay

Costs

Neurodevelopmental and
functional outcome at
6 mo

trial (RCT) in ANZ (11), the average (i.e., mean) time

Definition
Duration free of inotropes/vasopressors in the first 7 d (168hr) post-randomization;
patients dying within 7 d of randomization will be censored as zero

Multi-organ dysfunction measured by a pediatric Sequential Organ Failure
Assessment score change in organ-specific subscore of > 0 in at least two
organs within 72 hr of randomization

PICU-free survival; patients dying within 28 d of randomization will be censored as
0 d to correct for the competing effect of mortality on PICU length of stay

Survival free of organ support within 28 d of randomization, defined as free of
ventilation, inotropes/vasopressors, ECMO, and renal replacement therapy

Survival free of cardiovascular support within 28 d of randomization, defined as
free of inotropes/vasopressors and ECMO

Survival free of ventilation within 28 d of randomization, defined as free of invasive
ventilation

Death, defined as death occurring within 28 d of randomization
Length of stay in the PICU
Length of stay in hospital

Direct hospitalization-related costs (starting at time of admission to the PICU) and
censored at 6 mo post-randomization

Quality of life 6 mo post-randomization
Functional status 6 mo post-randomization

Neurodevelopmental vulnerability at 6 mo post-sepsis defined as a score in each
developmental domain > 1 sp below the normative mean or specified impairment
cutoffs. These domains include physical development, cognitive skills, emotional
wellbeing and social competence

ECMO = extracorporeal membrane oxygenation.

Pediatric Critical Care Medicine
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alive and free of inotropes/vasopressors in the control
group was 96 hours (median 120hr), associated with
a sD of 61 hours. An improvement of a minimum of
1 day (25hr to ensure at least 1 full day) when com-
paring the vitamin C and hydrocortisone group, over
both the standard care and hydrocortisone only arm,
is considered clinically relevant (17). To achieve 80%
power, a corrected type I error of 0.025 to allow for two
primary comparisons (standard care vs. vitamin C and
hydrocortisone; standard care vs. vitamin C and hy-
drocortisone), attrition of 5% and inflation for a non-
normally distributed outcome, 128 participants per
group are required (384 total). A blinded analysis will
be undertaken after the primary outcome is achieved
in 128 patients recruited in ANZ, and after 50 patients
are recruited in each additional region to confirm the
assumed sp within the study cohort and recalibrate the
target sample size if necessary. With a conservative es-
timate of 50% enrollment rate of eligible patients, we
expect a 4-year recruitment period for the study.

Randomization

All children being treated with inotropes/vasopressors
for suspected septic shock at the study sites are screened
by PICU staff for inclusion. Treatment assignment is
performed using a secure, centralized, web-based ran-
domization interface (Research Electronic Data Capture
[REDCap]) (20), hosted by The University of Queensland
or sealed opaque envelopes. The allocation sequence is
generated using computer-generated random numbers.
Variable block randomization is being used to allocate
children in a 1:1:1 ratio. As our pilot study showed that
27% of participants received pre-randomization steroids
for septic shock (11), participants are stratified by admin-
istration of steroids before enrollment and hospital site.

Blinding and Allocation Concealment

The interventions are open label, due to the logistical
difficulties of blinding two different drugs (specifically,
dissolved vitamin C has a characteristic yellowish
color) (17). Allocation concealment will be maintained
by the randomization system.

Consent Procedures

Two modes of consent are employed in this trial, pro-
spective and consent-to-continue; consent materials

6 www.pcemjournal.org

have been piloted with consumer representatives
(Appendix Sla and Appendix S1b, http://links.Iww.
com/PCC/C580). With prospective consent, informed
written consent is gained from the parents/carers be-
fore randomization. Given the fulminant nature of
sepsis (19), our aim is to enroll patients as soon as
possible after presentation to PICU. If parents/carers
are unavailable or are very distressed, we employ a
consent-to-continue approach. Here, we randomize
the child (and initiate the intervention) and seek con-
sent from the parents/carers at a more suitable time,
aiming to obtain consent within the following 24
hours. Parents/carers have the right to decline ongoing
participation as well as withdrawing all collected data.

DATA COLLECTION, MANAGEMENT,
AND ANALYSIS

Data Collection

The trial data dictionary is informed by the pilot study
database (11). We prospectively record demographic
variables, comorbid status, type of infection, severity
at baseline, primary endpoints, secondary endpoints,
predetermined physiologic variables of interest, pro-
cess of care, safety, and long-term outcome measures.
All data are collected by trained staff at each study
site and entered into the purpose-built REDCap data-
base, available only to approved investigators and site
staff. Administration of study drugs, duration, doses,
amount of drug received, adverse events, protocol
deviations, and reason for protocol violations are also
recorded. Randomized patients are followed up to 28
days post-randomization (or death, whichever occurs
first) and again at 6 months. Long-term outcome meas-
ures are parent/carer reported. The follow-up ques-
tionnaires for collecting long-term outcome measures
are administered by a secure web link provided to par-
ents in an email.

Child and Parent Long-Term Follow-Up

Parent-reported screening questionnaires using vali-
dated tools will collect child and parent outcomes
(Table S2, http://links.lww.com/PCC/C580). The
screening questionnaire was designed in consultation
with the multidisciplinary study team and consumer
representatives, considering the measures reliability
and validity and relevance to the sepsis literature.

XXX 2024 « Volume 26 « Number 00
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Assessments will be prospectively performed at base-
line, hospital discharge, 28 days, and 6 months post-
randomization (Table S3, http://links.lww.com/PCC/
C580). At 6 months, parents will be contacted to com-
plete the online screening questionnaire using a se-
cure link to their electronic questionnaire and contact
details of their recruiting site. The 6-month question-
naire takes approximately 45-60 minutes to complete.
In the case of parent comorbidity or circumstances
limiting completion of the online screeners, question-
naires will be administered via telephone interview by
the research coordinator. Parents/carers of the child
will have the option of receiving a report following
completion of the 6-month questionnaire that out-
lines their child’s progress, which can be used to aid
discussions with primary care and education provid-
ers (ANZ sites only). This report was co-designed with
consumers and piloted in two other research studies
(21, 22).

Monitoring

An independent monitor for each site will perform
data monitoring. The monitoring plan has been suc-
cessfully trailed in the pilot study and includes source
data verification for 100% of enrolled patients for fields
relating to eligibility criteria, interventions, consent
forms, serious adverse events (SAEs), and primary
outcomes and monitoring of a subset of other key data
fields (identified through risk assessment) in 10% of
enrolled patients. Additionally, centralized monitor-
ing will be used to evaluate recruitment statistics; eval-
uate completeness and rates of critical data within and
across study sites; and review automated range and
logic discrepancies in the REDCap study database. Site
visits, independent audits, and regular monitoring of
the blood sample storage will be performed. At com-
pletion of the study, the monitor will ensure that there
are plans for long-term storage of all relevant data and
source documentation.

Biobanking

Blood is collected at, or shortly after randomization,
including 1-2mL of EDTA blood (for DNA), 2.5mL
of PAXgene blood (for gene expression markers), and
1-2mL of serum. The samples are processed, stored,
shipped, and batch analyzed for future biomarker
studies (23).

Pediatric Critical Care Medicine

PCCM Trial

Analysis Plan

Descriptive statistics will be used to report on the base-
line characteristics of the total study cohort and each
group. The primary outcome will be analyzed using
quantile regression, comparing the two intervention
groups with standard care. Stratification variables (ad-
ministration of steroids before enrollment and hospital
site [also accounting for difference in vitamin C for-
mulation]) will be accounted in the model. Analysis of
secondary outcomes will be undertaken using a similar
approach using appropriate regression models for the
outcome under investigation. 95% CIs will be used as
the major method of presentation. If there are greater
than 10% missing data for the primary outcome, mul-
tiple imputation will be performed and reported as a
sensitivity analysis. Main analyses will be performed
according to the intention-to-treat principle; per-
protocol analyses will also be performed. An explora-
tory analysis will compare the two intervention groups
to each other, as well as the vitamin C and hydrocorti-
sone group with the hydrocortisone and standard care
groups combined. Predefined subgroup analyses will
focus on severity upon presentation measured by organ
dysfunction scores, age, previously healthy children vs.
children with comorbidities, community-acquired vs.
hospital-acquired sepsis, vitamin C formulation, and
patient with pre-randomization treatment with hy-
drocortisone. As the trial started before the Phoenix
Sepsis Criteria (15) became available, sensitivity anal-
yses on children meeting Phoenix Sepsis Criteria for
septic shock at enrollment will be performed. The sta-
tistical analysis plan will be submitted for publication
with lodgment of the full code for analysis on GitHub
(San Francisco, CA) before completion of recruitment.

Health Economic Evaluation

A within trial economic evaluation will compare the
cost and benefits of the trial treatments, censored at
6 months, comparing costs and benefits in terms of
resource use and quality adjusted life years gained,
derived from the Pediatric Quality of Life question-
naire. To estimate health utilities, we will use a previ-
ously described mapping algorithm (24). To provide
longer-term analysis, cost-effectiveness will be esti-
mated following a Markov Chain modeling approach.
Models will include sensitivity analysis methods in-
cluding bootstrapping to account for uncertainty in

www.pccmjournal.org 7
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our estimates. Outputs will include cost-effectiveness
acceptability curves to display the probability of
cost-effectiveness at varying thresholds of net mon-
etary benefit (NMB). Probabilistic sensitivity anal-
ysis will be provided to give the probability of
cost-effectiveness at each threshold level of NMB.
This will allow to capture the impact of sepsis on di-
rect and indirect costs, including disability-adjusted
life years, loss of parental productivity, and ongoing
support needs.

SAFETY MONITORING

Adverse Events

The critically ill child with sepsis has life-threatening
organ dysfunction. The severity of dysfunction may
have several contributors less responsive to optimal
treatment such as underlying comorbidities, mi-
crobe pathogenicity, and delay in treatment initiation.
Therefore, aligned with accepted practice in PICU tri-
als (25), events that are considered to result from the
natural history of the primary disease process or which
represent expected complications related to critical ill-
ness will not be reported as SAEs in this study. All ad-
verse events considered as potentially causally related to
the study intervention will be reported unless they are
prespecified study outcomes. Specific adverse events
related to RESPOND include the following: hypergly-
cemia, hypoglycemia, hypernatremia, new hospital-
acquired microbiologically confirmed infection within
28 days after randomization, oxalate nephropathy,
hemolysis, and worsening of liver function (Table 4).

TABLE 4.
List of Adverse Events

Adverse Event Definition

Events that are collected as study outcomes will not be
reported as adverse events. However, death will be re-
ported as an SAE and recorded as a study outcome.

Safety Data Monitoring

The Data and Safety Monitoring Board (DSMB)
charter and procedures have been trialed in the pilot
study (11). The DSMB members consist of two inten-
sivists (one local; one international), emergency phy-
sician, and statistician. The DSMB monitor safety and
quality of the study, review adverse events, and mon-
itor recruitment progress. Interim analyses for safety
will be performed after 33, 66, and 100 patients have
complete primary outcome data. Given the difference
in formulation used, similar safety analyses will also
be undertaken after 33, 66, and 100 patients have been
recruited to Indian sites and have complete primary
outcome data. Additionally, after 100 patients have
complete primary outcome data, and after 50 patients
recruited in each non-ANZ country have primary out-
come data, a blinded analysis will be undertaken to
confirm the sp of the primary outcome.

PATIENT AND PUBLIC INVOLVEMENT

The acceptability of questionnaires and reporting was
informed by consumer focus groups using a similar set
of tools (21). A consumer representative is a member
of the trial steering committee, contributing to the de-
sign of study education materials, conduct, interpre-
tation, article writing, and dissemination. Extensive
consumer consultation occurred after the publication

Hyperglycemia within 7 d of randomization, defined as treated with IV insulin for high blood glucose or higher than usual

requirement of insulin dose, if a known diabetic

Hypoglycemia within 7 d of randomization, defined as blood glucose concentration < 2.6 mmol/L

Hypernatremia within 7 d of randomization, defined as serum sodium concentration > 155 mmol/L

Hospital-acquired microbiologically confirmed infection within 28 d of randomization

Oxalate nephropathy within 28 d of randomization, as reported by treating medical team

Hemolysis within 7 d of randomization, as reported by the treating medical team and if not explained by other factors such

as extracorporeal membrane oxygenation

Worsening of liver function, defined as a > two-fold increase in alanine transferase from baseline to day 7 post-randomization;
and/or an increase in total bilirubin of more than 68 umol/L from baseline to day 7 post-randomization as per 2005

International Pediatric Sepsis Consensus Criteria (15)

8 www.pccmjournal.org

XXX 2024 « Volume 26 « Number 00



SMIAGZIUMIPXZOBBGROATOAEIOVIASALLIAIPOOAEIEAHIDNI/AO AUMY TXOMA

DUYOINXYOHISABZIY T +eyNIOITWNOIZTARYHARSHNAYE Ad [euinofwood/wiod mm| sfeulnolj/:dny wouy papeojumog

¥20¢/0€/ZT uo

of Lessening Organ Dysfunction with Vitamin C
(LOVIT) trial results (26) to ensure consumer per-
spectives were incorporated. Additionally, a doctoral
student is undertaking a series of related studies to ele-
vate and guide ongoing consumer involvement.

DISCUSSION

Evidence for adjunctive therapies in pediatric septic
shock is scarce. The RESPOND trial will provide ro-
bust evidence that is urgently needed to inform pedi-
atric critical care practice. RESPOND is the first trial
powered for patient-centered endpoints in children
with septic shock investigating high-dose vitamin C,
based on our multicenter pilot RCT. The trial is run
across all major PICUs in ANZ and is scalable to in-
clude additional international sites.

Several limitations need to be considered. First,
rather than using Phoenix Sepsis Criteria (15) for en-
rollment, which were published after the initiation of
this trial, we chose a pragmatic entry point defined
by the interventions clinicians apply in children with
septic shock. We acknowledge that different clinicians
may apply variable thresholds to initiate inotrope/va-
sopressor treatment; however, given uncertainty sur-
rounding blood pressure thresholds (27), we believe
our approach allows inclusion of the population of
children exposed to these treatments at the study sites.
Second, while we aimed for a pragmatic inclusion
strategy, we excluded patients with malaria or those
with glucose-6-phosphate dehydrogenase deficiency.
Third, the intervention is open label given the logistic
and feasibility challenges with blinding several drugs.
Fourth, patients may have received hydrocortisone for
septic shock before enrollment, which is why we apply
a stratification for this situation. Fifth, the vitamin C
dose is based on preclinical data, a systematic review,
and the adult literature, and we are not performing
a dose-finding trial nor pharmacological substudies.
Sixth, the three-arm design permits comparison of hy-
drocortisone plus vitamin C vs. hydrocortisone alone,
and vs. standard care, but does not compare vitamin C
alone vs. standard care. Seventh, the primary outcome
of survival free of inotropes/vasopressors censored at
1 week may not capture later effects related to immu-
nomodulation of the interventions; however, the sec-
ondary outcomes should capture these later effects.
Finally, if the trial recruits a sizeable proportion of

Pediatric Critical Care Medicine

PCCM Trial

patients from low- and middle-income resource set-
tings, this—albeit improving generalizability—may
add additional heterogeneity related to difference in
drug formulation, practices of drug use, local epide-
miology, and risk factors such as malnutrition.

The RESPOND trial will test the hypothesis that
combination of IV hydrocortisone with vitamin C
will improve survival free of inotropes/vasopressors
support in children admitted to the PICU with septic
shock. The trial will provide information on secondary
outcomes, the effect of hydrocortisone treatment alone
compared with standard care, and information on
healthcare costs and long-term outcomes in children
with septic shock.
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