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Abstract

Background: The aim of this protocol is to describe the study protocol changes made and subsequently imple-
mented to the Pediatric Guideline Adherence and Outcomes (PEGASUS) Argentina randomized controlled trial (RCT)
for care of children with severe traumatic brain injuries (TBI) imposed by the COVID-19 pandemic. The PEGASUS study
group met in spring 2020 to evaluate available literature review guidance and the study design change or pausing
options due to the potential interruption of research.

Methods: As a parallel cluster RCT, pediatric patients with severe TBIs are admitted to 8 control (usual care) and 8
intervention (PEGASUS program) hospitals in Argentina, Chile, and Paraguay. PEGASUS is an intervention that aims to
increase guideline adherence and best practice care for improving patient outcomes using multi-level implementa-
tion science-based approaches. Strengths and weaknesses of proposed options were assessed and resulted in a deci-
sion to revert from a stepped wedge to a parallel cluster RCT but to not delay planned implementation.

Discussion: The parallel cluster design was considered more robust and flexible to secular interruptions and accept-
able and feasible to the local study sites in this situation. Due to the early stage of the study, the team had flexibility to
redesign and implement a design more compatible with the conditions of the research landscape in 2020 while bal-
ancing analytical methods and power, logistical and implementation feasibility, and acceptability. As of fall 2022, the
PEGASUS RCT has been active for nearly 2 years of implementation and data collection, scheduled to be completed
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in in fall 2023. The experience of navigating research during this period will influence decisions about future research

design, strategies, and contingencies.

Trial registration: Pediatric Guideline Adherence and Outcomes-Argentina. Registered with ClinicalTrials.gov Identi-

fier NCT03896789 on April 1,2019.

Keywords: Study design changes, Protocol, COVID-19 pandemic impact, TBI
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Note: the numbers in curly brackets in this protocol refer
to SPIRIT checklist item numbers. The order of the items
has been modified to group similar items (see http://
www.equator-network.org/reporting-guidelines/spirit-
2013-statement-defining-standard-protocol-items-for-
clinical-trials/).
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Introduction

Background and rationale {6a}

Globally, over three million children sustain a traumatic
brain injury (TBI) each year, with an estimated 3-7%
being classified as having a severe TBI (Glasgow Coma
Scale (GCS) score <8). Long-term TBI-related disabil-
ity and high health care costs are a significant burden to
individuals and society, although data are limited outside
of the USA and Europe [1, 2]. The Brain Trauma Foun-
dation (BTF) Guidelines for Management of Pediatric
Severe TBI represent the most comprehensive synthesis
of evidence-based care for children with severe TBI [3],
but they are not systematically implemented [4] and are
also almost exclusively based on evidence from research
in the USA and Europe.

Pediatric Guideline Adherence and Outcomes
(PEGASUS) Argentina is a National Institutes of Health
(NIH)-funded, multi-site randomized controlled trial
(RCT) currently testing implementation of best practice
care for children with severe TBI in South America [5].
The study is registered with ClinicalTrials.gov (Table 1).
The single center PEGASUS program pilot at Harbor-
view Medical Center (level 1 pediatric trauma center in
Seattle, Washington) demonstrated improved adherence
to key performance indicators of the BTF guidelines and
patient outcomes, while not increasing in-hospital costs
[6, 7]. While feasible, acceptable, and efficacious in the
pilot study, the next step was to test PEGASUS interven-
tion effectiveness more broadly. Focus on our partner-
ship with experienced TBI researchers in Argentina at
the Centro de Informatica e Investigacién Clinica (CIIC),
and implementation at South American hospital sites will
expand evidence of which guidelines are most important
contributors to 3-month patient outcomes and examine
generalizability of the PEGASUS program.
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Table 1 ClinicalTrials.gov registration data
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Data category

Information

NCT Number '“ME

Other Study ID Numbers '“ME

Last Update Posted Date

First Submitted Date '“M¢

First Posted Date '“MF

Primary Outcome Measures '™ (submitted: March 27, 2019)

Secondary Outcome Measures “™E (submitted: November 25, 2019)

Brief Title '“M
Official Title '“ME

Study Type '“ME

Study Phase '“WE

Study Design '“ME

Condition '™

Intervention '“ME

Study Arms “ME

Recruitment Status '“ME

Estimated Enrollment '““E (submitted: March 27, 2019)
Actual Study Start Date '“ME
Estimated Primary Completion Date

Estimated Study Completion Date '“M¢

NCT03896789

STUDY00005629 TROTNS106560-0TA1 (U.S. NIH Grant/Contract)
December 10, 2021

January 7,2019

April 1,2019

TBI guideline adherence [Time Frame: ICU Stay, approximately up to 2 weeks ]
The main outcome will be measured as the sum of indicators to which care was
adhered by the number of relevant adherence indicators for a given patient
during ICU stay.

« Clinical Pathway Adoption [ Time Frame: within 24 hours of patient admission ]
- Discharge Survival [ Time Frame: At Hospital Discharge, approximately up to 5
weeks ]

+ GOSE-Peds. Pediatric Version of the Glasgow Outcome Scale-Extended [ Time
Frame: 3 months post discharge ]

« Mortality [ Time Frame: 3 months post discharge ]

- DIBQ (Determinants of Implementation Behaviors Scale) [Time Frame: Baseline,
and quarterly during year 1 after randomization; then once annually through
study completion, approximately 3 years, for intervention sites.]

- Value added processes assessed by Organizational Questionnaire for Partici-
pant Hospitals [Time Frame: Baseline and annually through study completion,
approximately 3 years]

+ Changes in patient outcomes from time in - to time out- of the system based
on manipulations of KPIs [Time Frame: during ICU care, approximately up to 2
weeks]

Pediatric Guideline Adherence and Outcomes- Argentina

Implementation Fidelity and Benefits of the Critical Care Pediatric Guideline
Adherence and Outcomes Program in Traumatic Brain Injury

Interventional
Not Applicable

Allocation: Randomized

Intervention Model: Parallel Assignment

Intervention Model Description:

Parallel cluster RCT following a baseline data collection period when all sites are
in the ‘control/usual care state’

Masking: None (Open Label)

Primary Purpose: Health Services Research

TBI (Traumatic Brain Injury)

Other: PEGASUS Program for Care

This is in essence a checklist of pediatric guidelines to follow for participants
who meet inclusion criteria. Site staff will receive training in how to implement
this pathway into their usual care.

+ No Intervention: Baseline

All sites will collect usual care data from 9 months to 21 months.

« Experimental: PEGASUS Program (Intervention)

This arm (half of the sites) will receive the PEGASUS program (intervention) from
21 months to 57 months.

Intervention: Other: PEGASUS Program for Care

- No Intervention: Usual Care (Control)

This arm (half of the sites) will maintain usual care. They will receive the oppor-
tunity for the PEGASUS program training (intervention) at the end of study data
collection (57 months) period.

Recruiting

540

September 1,2019

September 30, 2023 (Final data collection date for primary outcome measure)
December 31,2023
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Table 1 (continued)
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Data category

Information

Eligibility Criteria '“™¢

Listed Location Countries '™

Contacts '“ME

Responsible Party
Funding Support '“ME

Inclusion Criteria:

« Mechanism or head CT consistent with TBI

+ <18 years old

+ GCS (Glasgow Coma Scale) score <8 at any point during hospital admission
Exclusion Criteria:- none

Argentina, Chile, Paraguay

Julia Velonjara, MPH-julialv@uw.edu
Monica Vavilala, MD-vavilala@uw.edu

Monica Vavilala, University of Washington

National Institute of Neurological Disorders and Stroke, National Institutes of
Health

Study Sponsor '“ME University of Washington
Collaborators '“M& - Children's National Research Institute
« Centro de Informética e Investigacién Clinica (CIIC)
+ Washington State University
- National Institute of Neurological Disorders and Stroke
Objectives {7} collects electronic health record and PEGASUS specific

The specific aims are:

1) Determine the relationship between PEGASUS pro-
gram implementation and TBI guideline adherence
(aim 1a) and assess system, provider, patients, imple-
mentation, and guideline factors associated with TBI
guideline adherence (aim 1b).

2) Create a value stream map (VSM) that readily identi-
fies value added process of care associated with TBI
guideline adherence.

3) Use computer simulation to develop and disseminate
a real-world best practices blueprint for TBI guide-
line adherence. This is a necessary advance and a step
towards implementing guideline based TBI care for
children who suffer from TBIs.

Trial design {8}

The purpose of this manuscript is to describe the prece-
dence, considerations, decision-making process, and pro-
posed options to the PEGASUS Argentina study design
protocol in response to the COVID-19 pandemic, as well
as examine the status of the implemented design 2 years
later. We describe elements of the study that allowed for
potential interruptions and design changes. We will use
the CONSORT Extension to Cluster RCTs in reporting
trial features and findings.

The PEGASUS Argentina study is a pragmatic imple-
mentation-effectiveness cluster RCT design collecting
data and implementing the intervention bundle over
3 years. The multi-level PEGASUS program targets
improving guideline adherence to the best standards of
care through quality improvement strategies. The study

patient data in-hospital and at three months, as well as
qualitative components engaging hospitals and provid-
ers on implementation and quality improvement. During
initial in-person site visits and study planning, and based
on feedback from Argentine site investigators, motivated
hospital sites, and local institutional review boards (IRB),
the study team developed a stepped wedge cluster study
design with a goal to facilitate equitable site access to the
PEGASUS program [8]. Additional sites were recruited
in order to have a built-in buffer of sites with sufficient
recruitment by the beginning of the intervention imple-
mentation. Despite added complexity in statistical anal-
ysis with the stepped wedge design, all sites would be
assigned to the intervention over the course of the study
thereby facilitating equity in the receipt of the program.
The logistics of training additional sites would be evenly
spread out over the study period. All sites launched base-
line data collection in September 2019, with the first
wave crossing over from usual care to the PEGASUS
program intervention planned for October 2020, with
subsequent annual waves in 2021 and 2022, and the com-
pletion of data collection scheduled for September 2023
(Fig. 1).

When the World Health Organization declared the
COVID-19 pandemic in March 2020, PEGASUS Argen-
tina had collected 6 months of pre-intervention data but
had not yet randomized or trained sites for the first wave
of the PEGASUS program intervention. The study group
began to discuss research adaptations and contingency
planning due to ongoing uncertainty about the impact
and duration of the COVID-19 pandemic globally and
the effects on the PEGASUS Argentina study specifically.
After a few months of deliberation about the uncertain
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Fig. 1 Comparison of PEGASUS stepped wedge and parallel cluster designs stepped wedge design implemented September 2019-May 2020.
Parallel cluster design developed April-May 2020, implemented May 2020

secular effects of the COVID-19 pandemic on stepped
wedge design, and to mitigate the impact of secular
effects of the pandemic relatively early stage of the study,
the study group instead implemented a parallel cluster
RCT study design (Fig. 1).

Literature review

As we anticipated the necessity of adapting our ongo-
ing study, we conducted a PubMed literature review
to assess any available information on situations that
paused, stopped, or caused other design changes to in-
progress RCTs from the past 10 years [9]. Key search
terms included the following: discontinuation, early
stopping, study pause, study completion, study design
change, nonpublication, critical care, pediatrics, and

RCT. Article titles and abstracts were screened for rel-
evancy to our inquiry. If applicable, the full article was
consulted, key points compiled, and citations reviewed
for additional articles. At this stage (early April 2020),
we also checked clinical trials records for recent status
changes to recruiting studies [10].

Prior to 2020, some RCTs changed study plans or
ended early for reasons particular to the context of a
study [11]. Several reviews on discontinuation and non-
publication of pediatric RCTs estimated that 15-40%
of trials were ended early, most often citing reasons
related to low patient recruitment or informed termi-
nation, either for early superiority or futility [11-16].
Few reviews specified ‘suspended’ studies separately,
grouping them with those that had been ‘discontin-
ued’ [12-14], and there were few identified cases of
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‘suspended’ studies that were restarted and went on to
be completed and published.

Study group-led changes
The study group, in consultation with a researcher with
stepped wedge design expertise (JPH), met through-
out March, April, and May 2020 to systematically com-
pare potential study designs’ strengths and weaknesses
related to analytical methods, logistical and implemen-
tation feasibility, acceptability, and other factors. We
recognized that different stakeholders in the study may
have had different preferences on the course of action,
but our priority was to balance those while enabling our
study to continue safely. To be transparent and open with
the local site principal investigators (PIs) and IRBs, their
assent for the resulting recommendation was included in
the process. Due to the COVID-19 pandemic, meetings
were held via Zoom to evaluate our final choice of RCT.
The PEGASUS Argentina study group relies on regular
remote communication methods and was being updated
by the Argentina-based co-investigators as the inci-
dence of COVID-19 increased and lockdown measures
were enacted [17]. PEGASUS Argentina site PlIs and site
coordinators were able to continue baseline data collec-
tion uninterrupted because it relied solely on medical
charts. Eligible patients were admitted to the pediatric
intensive care units (PICU) with severe TBI despite local
pandemic situations. They could be recruited by the
staff who were already present as part of their clinical
roles and accustomed to this consent process over the
past 6 months. The patient PEGASUS intervention is
also delivered as part of clinical care. The site training
and quality improvement components could be deliv-
ered remotely. However, the study group was concerned
about pandemic fluctuations impacting the implementa-
tion of the PEGASUS program, limiting validity of analy-
sis, and introducing further unexpected constraints and
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confounding. The sample size and power calculations for
the study designs are summarized in Table 2.

Proposed options

Three main options for RCT design choice were identi-
fied and examined: (1) continue with stepped wedge
design as planned, (2) postpone intervention start but
keep stepped wedge design, or (3) convert to a two-arm
parallel cluster design randomized on baseline enroll-
ment to balance future participants across arms. For
each option, we factored in the effect of design change on
sample size and power to ensure that our study analysis
would still be able detect differences with the anticipated
number of participants over the recruitment period.

Option 1

Continuing with the established stepped wedge design
strengths included no added work for staff to adapt
designs and study plans and aligned with site PIs’ ini-
tial desire to all receive the intervention. Weaknesses
included possible study interruption if circumstances
made it impossible to recruit participants or deliver the
intervention, less resilience to reduced power if recruit-
ment is much lower than previously estimated, and
increased complexity of analysis and confounded results
due to secular trends limiting sites” ability to follow the
pre-specified stepped wedge schedule. This situation
could essentially revert the intervention from a “rand-
omized” study to an “observational” study. The estimation
for detectable percentage point differences in guideline
adherence at alpha 0.05, 80% power, and intraclass cor-
relation coefficients (ICC) ranging from 0.05 to 0.2 was
between 19.1 and 19.7%.

Option 2
Maintaining the stepped wedge design but postponing the
intervention start could have given more time to identify

Table 2 Comparison of assumptions and sample size calculation for power parallel cluster and stepped wedge designs

Design Sites Assumptions Participants Alpha Power ICC Detectable
difference

Initial parallel RCT 6 Adherence 58.6% 540 total 0.05 80% 0.01 15.5%
No change in control group adherence 0.05 24.6%
010  31.1%
Options 1 and 2: Stepped wedge 12 Adherence 58.6% 432 total 0.05 80% 0.05 19.7%
No change in control group adherence 010 19.8%
0.20 19.1%
Option 3: Final parallel RCT 16 Adherence 58.6% 576 total 0.05 80% 0.05 18.0%
No change in control group adherence 010  22.5%
0.20 28.8%

ICC intraclass correlation coefficient, RCT randomized controlled trial
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COVID-19 impacts to the study and lower demand and
stress on sites during the pandemic. This option would
have many of the same drawbacks as option 1. Addition-
ally, the uncertainty of delay and unclear thresholds for
when the situation would improve so implementation
could begin would result in a shorter data collection period
of therefore reducing recruitment and power, as well as
potential loss of motivation for the entire study group. If
the study were extended to offset the reduced data collec-
tion period, further expenses would be incurred. The same
power calculations pertain as in option 1.

Option 3

Some strengths of a two-arm parallel cluster design
would be the ability to maintain valid comparison
between the PEGASUS intervention and control arms
and a more robust, flexible design for secular interrup-
tions like if the study needed to be paused. Temporal
impacts of the pandemic would at least equally affect
the two parallel arms, as opposed to the stepped wedge,
where the time specific waves would have sites beginning
intervention in multiple different contexts. This more
traditional two-arm model would also maintain better
statistical power if recruitment was less than anticipated.
Option 3 weaknesses included the need for renewed site
PI and local IRB buy-in for changes, some sites would
not receive the intervention, and staff burden to prepare
and implement changes to all intervention sites within a
condensed time period than was previously planned. The
estimation for detectable percentage point differences in
guideline adherence at alpha 0.05, 80% power, and ICC
ranging from 0.05 to 0.2 was between 18.0 and 28.8%.
This two-arm parallel cluster design option was selected,
implemented, and described in the following sections.

Methods: participants, interventions,

and outcomes

Study setting {9}

The final study sites are sixteen PICUs at hospitals who
regularly treat pediatric patients with severe TBI. Hos-
pitals provided information on initial hospital charac-
teristics and patient population during site selection.
Fourteen hospitals are in cities in Argentina, one in Chile,
and one in Paraguay [5].

Eligibility criteria {10}

PICU staff screens patients admitting to the PICU for
inclusion based on the following criteria: (1) age < 18
years at admission, (2) mechanism of injury and head
CT consistent with TBI, and (3) GCS <8 at any point
during their stay. If eligible, the 24-h-on-call study
coordinator is notified to begin a culturally appropriate
consent process.

Page 7 of 14

Who will take informed consent? {26a}

Both the control sites and intervention sites approach
eligible patients for consent. The attending physician
introduces the family or other legal guardian to the study
coordinator and makes sure the family knows the cre-
dentials and purpose. The study coordinator initiates
a confidential conversation introducing research and
describe all relevant aspects of the project, as well as
answering questions and assessing understanding. The
study coordinator assures the family that they are free to
decline consent without consequences and that they can
withdraw consent at any time. The family provides writ-
ten consent and oral assent will be sought when a child
> 7 years old regains consciousness (Additional file 1).
Family members will be provided with contact informa-
tion for the site PI and coordinator, CIIC, and the local
ethical committee. Enrolled participants at the con-
trol sites consent to data collection from their medical
records. Enrolled participants at the intervention sites
consent to data collection and receive the intervention
delivered by the trained PICU staft delivering their care.

Additional consent provisions for collection and use
of participant data and biological specimens {26b}
N/A. No biological specimens are being collected.

Interventions

Explanation for the choice of comparators {6b}

Intervention hospital sites implement a program bun-
dle which aims to increase adherence to BTF guidelines,
while control hospital sites continue with their usual care
for pediatric TBL.

Intervention description {11a}

The PEGASUS program intervention has multi-level
components to increase guideline adherence. The
patient level clinical care pathway is implemented for
each eligible, consented patient at an intervention site
for up to 7 days of their ICU stay. Intervention site care
providers receive annual training and supply perspec-
tives and knowledge elements quarterly. At the hospital
level, intervention sites participate in quarterly focus
groups, morbidity and mortality case reviews and quality
improvement efforts, and regular motivational interview-
ing (MI) check-ins with site PIs.

Criteria for discontinuing or modifying allocated
interventions {11b}

The PEGASUS pathway does not prescribe specific
drug doses but provides guidelines that inform the clin-
ical assessment and treatment for individual patients.
Should a patient or their family withdraw their con-
sent, any previously collected data is removed from
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analysis and, if they are a patient at an intervention site,
the PEGASUS clinical pathway is no longer used at the
bedside, and they receive needed, usual care.

Strategies to improve adherence to interventions {11c}

As a pragmatic implementation science study with qual-
ity improvement efforts, the components of the study are
designed to be adaptable to support sites’ needs and to
evaluate process measures to address reach (number of
patients), dose (% processes implemented), and fidelity
(variance from recommended processes and timely clini-
cal pathway adoption). The Theoretical Domain Frame-
work (TDF) guides these efforts [18].

Relevant concomitant care permitted or prohibited

during the trial {11d}

There are no limitations or exclusions for concomitant
treatment of additional injuries or diseases.

Provisions for post-trial care {30}
N/A. No harm anticipated; no provisions prepared.

Outcomes {12}

For aim 1, the main outcome is the TBI guideline adher-
ence composite score calculation based on the BTF
indicators and secondary outcomes are discharge and
3-month Glasgow Outcome Scale Extended Pediat-
ric (GOSE-Peds) scores. Aim 2 defines and evaluates
value-added TBI care processes in PICUs. Aim 3 is a
real-world best practice blueprint for guideline adher-
ence with iterative computer simulations for how rela-
tive changes in provider and organizational activities
impact the magnitude, direction, and choice of opera-
tions downstream in TBI care and patient outcomes.
The main unit of analysis is the clinical site.

Participant timeline {13}

PEGASUS is an in-patient pathway intervention, so site
PIs and study coordinators have been trained to screen,
consent, and enroll patients presenting for admission
to the PICU. The intervention begins at admission and
continues daily until (1) 7 days in the PICU, (2) PICU
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discharge, or (3) death, whichever is shortest. There is
one follow-up that is completed in-person or by phone at
3 months post-admission (Figs. 2 and 3).

Sample size {14}

Sample sizes were derived from pre-study hospi-
tal admissions and guideline adherence estimates and
assumed no change in guideline adherence at control
sites. We will target recruitment of 576 patients at 16
sites during 13 months of pre-intervention data collec-
tion and 36 months of intervention implementation and
data collection. We will be sufficiently powered to detect
a significant difference in overall guideline adherence
(main outcome) at the site level (option 3, Table 2).

Recruitment {15}

Ten sites were added to the original proposal to increase
the potential patient recruitment population. Regular
communication between hospital sites and CIIC rein-
forces screening and consent procedures to ensure all
eligible patients are identified and consented in a timely
manner.

Assignment of interventions: allocation

Sequence generation {16a}

N/A. Computer-generated randomization allocated
sites to either control or intervention at one time point.
Blocks were stratified based on the sites’ pre-intervention
baseline enrolment to balance recruitment across arms
(Fig. 1). All patients admitting to a particular hospital are
assigned to the same arm.

Concealment mechanism {16b}
N/A. No additional randomizations were required.

Implementation {16c}

The study biostatistician performed randomization to
allocate 8 sites to the intervention and 8 sites to the con-
trol arm. The final number of patients in each arm will be

Intervention Patient

Control Patient

Fig. 2 Patient timeline

PEGASUS Pathway and Daily Data Collection
ICU Eligibility Consent 3 month
Admission | Screening follow-up
Usual Care and Daily Data Collection
Day 0 ICU Day 7 or 3 months
ICU Discharge or post-admission
Death
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Fig. 3 Schedule of enrollment, interventions, and assessments

dependent on eligible patients screened and enrolled by
site PI and coordinators at each hospital.

Assignment of interventions: blinding

Who will be blinded {17a}

Due to the nature of the intervention, participants, care
providers, site PIs, and the study group are unmasked
to the arm assignment of the site.

Procedure for unblinding if needed {17b}
N/A. Blinding not in place.

Data collection and management

Plans for assessment and collection of outcomes {18a}

Both qualitative and quantitative methods are used to
gain a more robust understanding of the intervention
strategy. The primary data sources are hospital medi-
cal records abstracted to complete database forms and,
for the intervention sites, the physical PEGASUS path-
way packets based on the BTF guidelines, collected by

trained PICU care providers. Site PIs and study coordi-
nators are trained annually to perform the data abstrac-
tion and respond to data discrepancy inquiries.

Plans to promote participant retention and complete
follow-up {18b}

Study coordinators collect 3-month follow-up GOSE-
Peds for both arms using patient/family contact informa-
tion at consent and confirmed at discharge. In-hospital
data from participants will be included unless consent is
withdrawn, even if follow-up data is unavailable.

Data management {19}

The purpose-built, password-protected database is main-
tained on a dedicated server and has logic coding and
input parameters to ensure legal variable values. Quali-
tative data for the provider- and hospital-level interven-
tion support include free text response in questionnaires,
and transcription, notes, and summaries of focus groups
and motivational interview check-ins. Data completion is
assessed monthly by University of Washington (UW) and
CIIC study staff.
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Confidentiality {27}

Participant identification codes are assigned at the sites
at the time of screening. Hospital site PIs and study
coordinators have access to personal identifiers of their
site’s enrolled patients and medical records through
their dual roles as researchers and care providers. CIIC
and US-based study staft have access to the full dataset
through the PEGASUS database, but without protected
personal information like names, birth dates, or contact
information.

Plans for collection, laboratory evaluation, and storage
of biological specimens for genetic or molecular analysis
in this trial/future use {33}

N/A. No biological specimens collected.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

The intervention arm (receiving the PEGASUS program)
will be compared against the control (receiving usual
care) for analyses. Descriptive statistics will be performed
for all measures at the facility level, within treatment
and control arms. Potential differences in patient (age,
sex) and injury characteristics will be examined using
bivariate analyses by site using x> tests (categorical) and
t-tests (continuous). Intent-to-treat (ITT) analysis will
utilize Poisson regression with robust variance estima-
tion and clustering by site to estimate the relative risk of
PEGASUS implementation on TBI guideline adherence.
Sensitivity analyses to assess robustness of results will be
performed.

Interim analyses {21b}
No interim analyses on the primary outcome (guideline
adherence) are planned.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

We will perform secondary analyses including Poisson
regression with robust variance estimation and cluster-
ing by site to estimate separately the relative likelihood
of program implementation on these outcomes: (1) in-
hospital mortality and (2) GOSE-Peds at 3 months post
TBI, analyzing Glasgow Outcome Scale (GOS) score
as a dichotomous measure (minor-moderate impair-
ment vs major impairment-vegetative state and death).
Multivariable Cox regression model will examine the
marginal effect of PEGASUS on mortality during the 3
months post discharge, averaged over all sites. Integrat-
ing facility and provider level data, we will also test for
significant mean differences in barriers and facilitators
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by provider, provider type (nurse vs. doctor), and site
factors. We will calculate multilevel Poisson regres-
sions to examine the relationship between the TDF
constructs (measured by provider Determinants of
Implementation Behavior Questionnaires (DIBQ) and
each outcome (4 models at provider-level, one model
at site-level). Models will include individual and site-
level covariates: age, sex, injury severity (injury sever-
ity score (ISS), and head abbreviated injury score
(AIS)); regional differences; and rural/urban status as
appropriate.

Qualitative focus group and MI data will be coded
both deductively using TDF constructs and inductively
to allow for emergent themes. Themes will be integrated
and compared for agreement and consistency on barri-
ers, facilitators, and important factors associated with
factors associated with TBI adherence with quantitative
results.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}

We will report any differences in consent, withdrawal,
and loss-to-follow-up by randomization arm. Our
monthly data check process allows us to identify missing
data and refer to medical records to complete data col-
lection. The baseline data collection period had minimal
missing data, so we do not have plans for imputation for
missing data during implementation.

Plans to give access to the full protocol, participant level-data
and statistical code {31c}

Access to a cleaned, deidentified dataset, and code may
be requested after the study is completed and accompa-
nying manuscripts are published. The primary aim is a
study-wide analysis and will be disseminated as such. We
do not expect to have sufficient data for publication at the
level of individual sites. Any publications and presenta-
tions prior to the release of the primary results will not
impede the integrity of those results.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

The study PIs are responsible for the overall conduct
of the study. UW serves as coordinating center for the
study direction, development and training of interven-
tion, data management and analysis, and co-investigator
activities. UW communicates internally and with CIIC at
least weekly. Study PIs and CIIC meet biweekly, and the
PEGASUS Argentina study team meets monthly. CIIC
conducts day-to-day management of intervention deliv-
ery and implementation of activities, data entry support,
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training of study site staff, and direct weekly communica-
tion with study sites. All-team meetings with PIs, study
team, CIIC, and site PIs and coordinators (separated by
study arm) are annual.

Composition of the data monitoring committee, its role

and reporting structure {21a}

An internal Data and Safety Monitoring Board (DSMB)
adapted for pragmatic clinical trials meets with the study
PIs at least biannually. The DSMB is comprised of two
experienced senior investigators, Drs. Rivara and Jaffe,
who are familiar with, but not part of the PEGASUS
study group.

Adverse event reporting and harms {22}

Given that the trial examines the value of a stream-
lined, best-practice care pathway versus usual care,
additional risks to patients are low, but patients across
both arms may report adverse events related to TBIs.
We have pre-intervention baseline data to assess
adverse events related to patient safety or concerning
trends in recruitment or follow-up data and we do not
expect higher than baseline adverse events. Adverse
events are reported into the database by the site Pls via
a complication form for each participant enrolled into
the study through discharge. Study PIs and the DSMB
reviews and determines whether adverse events are
anticipated for severe TBI or unanticipated. Imple-
mentation fidelity will not be monitored by the DSMB
because effectiveness and implementation in real world
practice is part of the study goal. DSMB reports and
annual renewals are submitted the UW IRB to remain
in good standing.

Frequency and plans for auditing trial conduct {23}

Site communication and monitoring is conducted by
CIIC to educate, support, and solve problems with data
collection, intervention implementation, and quality
improvement, with additional input from study PIs and
co-investigators as necessary. In-person site visits are
conducted as feasible due to traveling restrictions.

Plans for communicating important protocol amendments

to relevant parties (e.g., trial participants, ethical
committees) {25}

Major amendments, including the study design changes
described in this manuscript, were reported to IRBs, the
DSMB, Clinical Trials, and our NIH National Institute
of Neurological Disorders and Stroke (NINDS) program
officer after being presented at a full study group meet-
ing. We used the SPIRIT ChecKklist to assist with present-
ing this protocol [19].

Page 11 of 14

Dissemination plans {31a}

Deidentified recruitment data is submitted regularly to
NINDS Human Subjects System. At the end of data col-
lection, we will submit data to the Federal Interagency
Traumatic Brain Injury Research (FITBIR) Informatics
System. In addition to the planned publication of primary
findings of the trial, the study team is regularly publishing
accompanying articles and analyses making use of the full
extent of the data collected. The site PIs based at the par-
ticipant hospitals are invited to engage with the manu-
script process and sharing at their sites. Publishing plans
include both PubMed-indexed English-language venues
and Spanish-language journals in Argentina.

Discussion

The stepped wedge design was responsive to local
requests, the argument for equity in research, and the
need to provide improvements in TBI care. In spring
2020, the study group was challenged to make decisions
about the direction of the PEGASUS Argentina study
design while trying to navigate many unknowns of an
unprecedented situation.

Statistical design considerations

Changing the study from the stepped wedge to a two-
arm design prioritized the ability to feasibly deliver the
PEGASUS intervention without delay and to assess it
with sufficient power and analytical integrity. The com-
parison of power and detectable differences enhanced
our confidence in this course of action. Delay or further
interruptions as the pandemic evolved, while retain-
ing the stepped wedge design, could have introduced
confounding by the landscape of lockdowns, hospital
resource strain, and other COVID-19 impacts as the sites
would enter the intervention at multiple timepoints. The
two-arm cluster design used the baseline recruitment
data to balance the two arms at intervention, and all eight
intervention sites were started on the implementation
at the same time. Although sites could still be impacted
by COVID-19 constraints, these impacts are more eas-
ily controlled for in analysis with the parallel control and
intervention arms.

Site and logistical considerations

During the baseline data collection period, the study
group had built communication and trust with the
recruiting sites. At this point, when the drawbacks to the
stepped wedge design outweighed the accommodation
of all sites’ eagerness to receive the intervention, site Pls
and local IRBs agreed to the modifications advised due
to the situation. We ensured in our planning that sites
assigned to the control arm will receive PEGASUS train-
ing and initial support at the end of the study. Since our
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study always had remote communication components
due to study group members in Rosario, Argentina, Seat-
tle, Washington, and Washington, D.C., expanding to
entirely remote training for the site PIs in South America
was feasible. The technological training options allevi-
ated some of the burden of training the eight intervention
sites within a narrow time window.

Contribution and future

This manuscript contributes to the still incomplete literature
of how non-COVID-19 research studies responded to inter-
ruption and barriers on the wide scale of the pandemic. We
reviewed available literature to aid in our decision-making.
However, in spring 2020, many researchers were navigating
widespread halts to ongoing research until aspects of study
protocols could be assessed and/or adapted to reduce per-
ceived and actual risks of COVID-19 in clinical settings [20].
There was limited information on study design changes
due to wide-scale interruptions to the research landscape,
much less specific to the COVID-19 pandemic. While our
study group was considering options, the duration of a pos-
sible delay to our intended study design was unknown and
impossible to predict. At that point, no recruiting trials
had yet reported status changes due to COVID-19 to clini-
cal trials. One year after the onset of widespread research
disruption, there were nearly 1800 suspended trials due to
COVID-19 [21]. Depending on the protocol, recruitment,
intervention timing and delivery, and data collection meth-
ods trials were broadly affected, even if they were able to
continue. One assessment of a network of trials focused on
adults at-risk for cognitive decline, noted changes to recruit-
ment plans, timeline interruptions, and remote intervention
and assessments in their trials [22]. Other recent literature
presented an action plan for significant trial events based on
a previous trial suspension [23], and how the group was able
to apply that to on-going trials during the COVID-19 pan-
demic [24], but these were not yet published at the time of
our decision-making process.
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The opportunity to make major design changes to miti-
gate the impact was reasonable due to the relatively early
stage of the study (Fig. 4). Another study may not have
that flexibility, limiting generalizability to studies at other
stages. We continued to collect data during the transition
between the study designs, so we have pre-intervention
data from all sites for September 2019—September 2020.
Although the PEGASUS intervention itself could not
be delivered remotely, due to the focus on severe TBI
in a PICU setting, our study population was still being
recruited and the critical intervention components were
able to embed into the essential clinical care being pro-
vided by the existing PICU team.

PEGASUS Argentina now has completed two years of
the intervention with over 1 year remaining. TBI inju-
ries typically fluctuate seasonally, as well as differ by site,
so monthly recruitment is expected to vary. Over the
first year (October 2020-September 2021) of interven-
tion data collection recruitment was 93% of the base-
line recruitment and because the intervention was not
delayed the 3-year-long intervention recruitment period
was maintained. For the most part, remote training has
been able to stand-in for the original in-person training
successfully. Beyond the design change, most modifica-
tions related to remote delivery of training-of-trainer and
quality improvement aspects and increased reliance on
communication technology in place of in-person moni-
toring. A secondary aim relying on additional in-person
training and personnel in a subset of PICUs was delayed
but will be underway soon.

The COVID-19 pandemic has had a large impact on
individual health, society, economy, and public health
practice, as well as on medical and public health research.
A proliferation of research focused on the disease, pre-
vention, treatments, vaccines, and other closely related
issues continues to be published and informs the on-
going response. However, throughout the past 2 years,
research on other critical medical areas has continued.

Study Design
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Stepped wedge design /
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In-progress research studies faced difficult decisions to
adapt design, recruitment strategies, interventions, and
other components in order to continue, with limited
guidance on how to make those decisions.

Conclusions

To account for the widespread impact of the COVID-
19 pandemic in South America and the constraints on
research, the PEGASUS Argentina study needed to
adapt designs that balanced scientific rigor with feasi-
bility and acceptability and was able to adapt the study
design to allow for training, intervention implementa-
tion, and statistical analysis plans. The experience of
navigating non-COVID-19 research during the pan-
demic will shape the processes and decisions research-
ers will make about future studies to prioritize design
resilience and strategies to respond to unexpected sec-
ular challenges.

Trial status

This is protocol V.3 June 2020. Baseline (no intervention)
recruitment began September 1, 2019. All intervention
sites received remote training at the same time in Sep-
tember 2020 and transitioned to the intervention Octo-
ber 1, 2020. Control sites continue with usual care and
data collection. Last recruitment is planned for Septem-
ber 30, 2023.
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