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Background: High-quality, efficient, pharmacokinetic (PK), pharmacodynamic (PD), and safety studies in children
are needed. Point-of-care trials in adults have facilitated clinical trial participation for patients and providers,
minimized the disruption of clinical workflow, and capitalized on routine data collection. The feasibility and
value of point-of-care trials to study PK/PD in children are unknown, but appear promising. The Opportunistic
PK/PD Trial in Critically Il Children with Heart Disease (OPTIC) is a programmatic point-of-care approach to
PK/PD trials in critically ill children that seeks to overcome barriers of traditional pediatric PK/PD studies to
generate safety, efficacy, PK, and PD data across multiple medications, ages, and disease processes.

Methods: This prospective, open-label, non-randomized point-of-care trial will characterize the PK/PD and safety
of multiple drugs given per routine care to critically ill children with heart disease using opportunistic and
scavenged biospecimen samples and data collected from the electronic health record. OPTIC has one informed
consent form with drug-specific appendices, streamlining study structure and institutional review board
approval. OPTIC capitalizes on routine data collection through multiple data sources that automatically capture
demographics, medications, laboratory values, vital signs, flowsheets, and other clinical data. This innovative
automatic data collection minimizes the burden of data collection and facilitates trial conduct. Data will be
validated across sources to ensure accuracy of dataset variables.

Discussion: OPTIC’s point-of-care trial design and automated data acquisition via the electronic health record may
provide a mechanism for conducting minimal risk, minimal burden, high efficiency trials and support drug
development in historically understudied patient populations.

Trial registration: clinicaltrials.gov number: NCT05055830. Registered on September 24, 2021.

1. Background

Children are therapeutic orphans, and most drugs remain under-
studied in pediatric populations [1]. The United States (U.S.) Food and
Drug Administration (FDA), the European Medicines Agency (EMA),
and other regulatory agencies worldwide have established incentives
and mandates to stimulate pediatric drug development [2,3]. Their
regulations often permit some level of extrapolation of efficacy data
from adult trials, but generally, all require a population-specific
assessment of a drug’s pharmacokinetic (PK) profile, and in some in-
stances, a drug’s pharmacodynamic (PD) profile. Therefore, despite the
significant progress in the number of pediatric trials and the amount of
pediatric use information, there remains a need to conduct high-quality,
efficient PK/PD and safety studies in children. Unfortunately, there are

several challenges inherent to PK/PD trials in children, as shown in
Table 1 [1,4-6]. The challenges are accentuated in special populations,
such as critically ill children and those with rare diseases [7]. As a result,
these populations are often excluded from PK/PD clinical trials even
though they are at highest risk of inadequate drug exposure (subthera-
peutic or toxic) owing to the extensive effects of age- and disease-related
factors on drug PK and PD [1,8,9]. Consequently, there is a need to
identify practical approaches to conduct high-quality PK/PD trials in
critically ill children.

Point-of-care trial designs that integrate clinical trials into routine
medical care are gaining popularity in adult research [10,11]. These
trials offer feasibility advantages including facilitating clinical trial
participation for patients and providers, minimizing the disruption of
clinical workflow, and -capitalizing on routine data collection.
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Table 1
Challenges of pharmacokinetic/pharmacodynamic trials in children.

Patient Factors Trial Design and Conduct Infrastructure

Rare disease
processes (small
patient
populations)

Low rates of
parental consent

Rigid sample timing Lack of pediatric
pharmacology expertise to
design, conduct, and
analyze data

Cost of maintaining an
infrastructure to support
pediatric clinical trials

Lack of application of
opportunistic
methodologies to study
drugs in children

Lack of validated clinical
endpoints

Limited blood
volume

Point-of-care trials are not routinely used in pediatric therapeutics
research, but offer a unique, minimal-risk, minimal-burden opportunity
to study the PK/PD of drugs given per routine care and overcome many
of the challenges shown in Table 1. Point-of-care trials leverage data
extensively and prospectively documented in the electronic health re-
cord (EHR) per routine care, such as laboratory collection time, date,
and value, medication time, route, and dose, vital signs, and diagnoses,
and can be readily gathered from the EHR without the time and cost
burden of additional trial-specific data collection [12-14]. Although
point-of-care trials are inherently dependent on sparse and/or oppor-
tunistic sampling models, population PK/PD modelling and simulation
can be used to overcome this [2,7,13,15,16] since PK/PD data can be
generated to validate and standardize efficacy and safety targets.

Critically ill children with heart disease are an ideal population in
which to evaluate the feasibility of the point-of-care trial design due to
the comprehensive nature of routine intensive care unit (ICU) care and
the need for PK/PD studies in this population. Critically ill children
receive a median of 9 drugs, undergo a median of 38 lab draws, and have
frequent, if not continuous, vital sign monitoring during their ICU stay
[17,18]. Small, single-drug, PK studies have successfully integrated
opportunistic sampling with EHR data, but each single-drug study must
gain funding, develop a protocol and statistical analysis plan, obtain
approval by an institutional review board (IRB), and consent children
separately [6,13,15]. Here we describe the design of the novel
point-of-care Opportunistic PK/PD Trial In Critically Ill Children with
Heart Disease (OPTIC, NCT05055830). OPTIC represents a program-
matic point-of-care approach to PK/PD trials in children, consisting of a
centralized study protocol with iterative additions of drugs of interest.
OPTIC seeks to overcome barriers of traditional pediatric PK/PD studies
to generate safety, efficacy, PK, and PD data across multiple medica-
tions, ages, and disease processes to improve medication efficacy and
safety in difficult to study populations (Fig. 1).

ROUTINE CLINICAL CARE

SCREENING & BIOSPECIMEN COLLECTION
| ENROLLMENT REDCAP DATA ENTRY

EHR DATA COLLECTION
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Fig. 1. OPTIC Work Flow
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2. Methods/design
2.1. Objectives

The primary objective of OPTIC is to characterize the PK and PD of
drugs of interest (DOI) administered per routine care to critically ill
children with heart disease to uncover age- and disease-related effects
using population PK/PD modelling and simulation. DOI specific
exploratory objectives include defining clinical endpoints and charac-
terizing safety using outcomes such as pain scores and laboratory values,
respectively.

2.2. Study design

The OPTIC platform consists of prospective, open-label, non-ran-
domized studies characterizing the PK/PD of multiple DOIs adminis-
tered per routine care to critically ill children with heart disease in the
pediatric cardiac ICU using opportunistic (obtained at the time of a
routine collection) and scavenged (leftover after routine collection)
biospecimen samples including whole blood, plasma, urine, peritoneal
fluid, and cerebrospinal fluid. Planned enrollment is up to 2000 patients
across up to 20 DOIs. OPTIC consists of a general protocol, informed
consent form (ICF), and assent form for children >12 years, which is
approved by the Duke IRB. The ICF is available as a hard copy or elec-
tronically, via a QR code, that directly links to a Research Electronic
Data Capture (REDCap) database. Each DOI is added to the protocol as
an appendix with drug-specific inclusion and exclusion criteria, sample
size, PK/PD sampling scheme, biological specimen of interest matrix,
and outcomes of interest, and may be submitted to the IRB separately as
an addendum without change to the protocol or ICF (Fig. 2). For the first
IRB submission, three commonly used drugs, one respiratory and two
analgesics, were selected to be studied. The use of a general protocol and
ICF allow for streamlined addition of extra DOIs without recreating the
main study structure.

Parents and/or children are identified through the EHR and
approached for enrollment if the child meets inclusion/exclusion
criteria and is receiving at least one DOI per routine care. One general
ICF is signed allowing for collection of opportunistic or scavenged bio-
specimens. There is an opt-in section (selected by 55% of approached
patients to date) that allows for collection of biospecimens from
indwelling lines at non-routine collection times. An optimal PK/PD
sampling scheme relative to drug dosing interval is provided in the DOI
appendix for these patients, but samples collected at other times are not
considered protocol deviations. An example is shown in Table 2. A
maximum of 10 samples (~0.1-0.5 mL each) can be collected per study
period of 180 days and samples may be collected for multiple DOIs
without another ICF. Parents and/or children may be re-consented for
the same trial if still hospitalized after 180 days or re-admitted in the
future.

Work flow of the OPTIC study from admission, screening, and enrollment through data analysis. OPTIC = Opportunistic PK/PD Trial in Critically Il Children with

Heart Disease.
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OPTIC Platform

- One protocol number

- One ICF

- One IRB submission

- Overarching inclusion/exclusion criteria
- Overarching study procedures

Appendix A: Appendix B: | Appendix N:

DOI #1

- Additional inclusion/
exclusion criteria
- Specific outcomes of

DOI #N

- Additional inclusion/
exclusion criteria
- Specific outcomes of

DOI #2

- Additional inclusion/
exclusion criteria
- Specific outcomes of

interest interest interest
- Special statistical - Special statistical - Special statistical
considerations considerations considerations

- IRB addendum - IRB addendum - IRB addendum

Patient enrollment under one ICF

Fig. 2. OPTIC Protocol Structure

OPTIC platform protocol structure. ICF = informed consent form; IRB = insti-
tutional review board; DOI = drug of interest; OPTIC = Opportunistic PK/PD
Trial in Critically Il Children with Heart Disease.

Table 2
Example of ideal pharmacokinetic sampling scheme for a drug dosed as a
single dose.

Sample Number Time (Hours) after Single Dose

Sample #1 0"
Sample #2 <2
Sample #3 2-<6
Sample #4 6-<12
Sample #5 12-<24
Sample #6 24-<48
Sample #7 48-96

 For intravenous drug, time 0 = end of infusion; collect sample after
flush ends.

2.3. Patient population

Inclusion criteria are any child <21 years of age admitted to the
pediatric cardiac ICU receiving a DOI per routine care. Exclusion criteria
are any condition which would make the participant, in the opinion of
the investigator, unsuitable for the study. Each DOI has a target popu-
lation based on age and route of administration. Within 12 months, 56
children were enrolled and 309 samples were collected across the three
drugs at a single site. Multiple children received multiple DOIs and had
samples collected for each.

2.4. Bioanalytic sample analysis

Opportunistic blood samples, or those collected at non-routine lab
draw times, are collected in ethylenediaminetetraacetic acid (EDTA)
tubes from the bedside nurse by the study team. Samples are then
immediately centrifuged at 4 °C for 10 min at 2000 g. Plasma from
centrifuged samples is aliquoted into cryovials, labeled, and stored at
—80 °C. Scavenged blood samples are stored in EDTA tubes at 4 °C in the
clinical laboratory per standard of care prior to collection by the study
team. These samples are then centrifuged at 4 °C for 10 min at 2000 g,
aliquoted, labeled, and stored at —80 °C.

Urine samples are collected from a urine collection bag, cotton balls
in a patient’s diaper, or from the metered collection column of an
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indwelling catheter. Samples are aliquoted into cryovials, labeled, and
stored at —80 °C. Other biospecimens collected per standard of care are
also aliquoted into cryovials, labeled, and stored at —80 °C.

Frozen biospecimen samples are shipped to a central, Clinical Lab-
oratory Improvement Amendments (CLIA)-certified lab for preselected
drug concentration, biomarker, and metabolite quantification. In the
first year of the study, 71 samples for one DOI were shipped to our
central laboratory and successfully quantitated using a validated
enzyme multiplied immunoassay.

2.5. Data sources

Study data are prospectively collected and managed using four data
sources as shown in Table 3. PK sample collection data and enrollment
date are manually entered in REDCap [19,20]. The Duke Clinical
Research Data Mart provides access to curated and characterized patient
data, including demographics, the medication administration record,
and lab values, that can be downloaded directly [21]. Flowsheets
include documentation by nurses and respiratory therapists and are
extracted directly from the EHR. Vital sign data from the bedside
monitors are downloaded directly from the monitor and include near
continuous patient hemodynamic data. All data are exported as .csv files
and compiled using the software R (version 3.2.0 or later; Vienna,
Austria) and RStudio (version 0.99.442 or later; RStudio, Boston, MA) to
create drug-specific analysis datasets.

2.6. Data validation

Ensuring data consistency is critical to the success of OPTIC. Upon
completion of the first DOI dataset, we performed a manual verification
for all patients. This included entering key variables (e.g., medication
administration date, time, and dose of the first dose of study drug; dosing
weight recorded for the first dose of study drug; laboratory values at
0400 on the first postoperative day; and mean heart rate from 0300 to
0500 on the first postoperative day) directly from the EHR into REDCap
and manually comparing these data to the automatic data extraction.
This step was successful: 100% of medication administration times and
doses, 94% of dosing weights, 100% of laboratory values, and 100% of
vital signs were concordant, which confirmed the accuracy of the data
sources. For subsequent DOIs, we will not repeat this step, but we will
continue to assess for data consistency. Our data sources overlap in some

Table 3
Data sources utilized by OPTIC.

Data Source Data Components

REDCap Demographics (date of birth, race, ethnicity, sex, name, subject ID,
MRN)

Enrollment date

PK sampling (DOI, sample type, collection date/time, freeze date/
time, accession number)

Demographics (name, MRN, date of birth, race, ethnicity, sex, date
of death)

Medications (date/time, route, dose)

Labs (date/time, value)

Admission/discharge date/time

Diagnoses

Procedures

Nurse scoring systems (e.g. Withdrawal Assessment Tool (WAT)
score)

Height/weight

Vital signs

Lines and tubes

Vital signs (heart rate and rhythm, blood pressure, central venous
pressure, respiratory rate, oxygen saturations)

CRDM

Flowsheets

Bedside
monitors

CRDM = Clinical Research Data Mart; DOI = drug of interest; MRN = medical
record number; OPTIC = Opportunistic PK/PD Trial In Critically Ill Children
with Heart Disease; REDCap = Research Electronic Data Capture; WAT =
withdrawal assessment tool.
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data components (i.e., birth date, weight), providing an opportunity to
compare multiple entries across data sources. If data from different
sources are discrepant, then there will be a manual check in the EHR
prior to deciding from which data source to extract.

2.7. Sample size considerations

Due to the paucity of preliminary PK data on the drugs under study,
formal sample size calculations were not performed. Sample size cal-
culations will be performed for each DOI in accordance with FDA
guidance, targeting 90% confidence intervals for PK parameters of in-
terest with desired precision between 60% and 140% of the geometric
mean estimate [22-24].

2.8. Statistical analysis

Children who receive at least one dose of a DOI and have at least two
PK samples will be included in the final analysis. The number of subjects
who complete the study and those who are not included in the analysis
will be summarized. Statistics will be reported per DOIL Descriptive
statistics such as number of observations, mean, median, 95% confi-
dence interval, standard deviation, standard error, minimum, and
maximum will be presented for continuous variables, and counts, pro-
portions, and/or percentages will be presented for discrete variables.

2.9. PK analysis

Clinical and demographic data from the EHR will be merged with the
biospecimen information to create a PK dataset for each DOI. Since a
sparse sampling scheme is employed, population PK methodologies will
be used to analyze the PK data using NONMEM (version 6.1 or later; Icon
PLC, Dublin, Ireland). Covariate analysis will examine the correlation
between model parameters with demographic and clinical factors and
co-administered medications. Appropriate covariates will be incorpo-
rated into the model using a standard forward-addition (p < 0.05,
change in objective function value [AOFV] >3.84) and backward-
elimination (p < 0.01, AOFV >6.63) technique. We will evaluate
model fit per FDA guidance using prediction (goodness of fit) and
simulation-based (prediction-corrected visual predictive checks) di-
agnostics. As appropriate for each DOI, the following PK parameters will
be estimated: systemic clearance, volume of distribution, maximum
concentration, time to achieve maximum concentration, absorption rate
constant, elimination rate constant, half-life, and area under the curve.
We will perform sensitivity analyses to ensure scavenged and opportu-
nistic sample concentrations are consistent.

2.10. Exploratory PD analyses

PD markers of interest will be defined a priori if there are data
available in the literature. Otherwise, exploratory PD endpoints will be
investigated. Relationships between observed and population PK model-
predicted exposures and PD markers will be explored graphically and
described using summary statistics. Population PK/PD modeling may be
performed based on results of the exploratory PD analysis. As appro-
priate, various PD structural models (e.g., indirect response or effect
compartment) may be evaluated using estimated (combined fit) or fixed
(stepwise approach) plasma concentrations of the DOI. Covariates on PD
parameters may be evaluated based on biologic plausibility and a
stepwise selection approach as described for PK modeling above.

2.11. Dosing simulations

Based on results from the population PK model and the exploratory
PD analyses, we will conduct dosing simulations to characterize expo-
sures shown to be associated with safety or efficacy endpoints. Data from
dosing simulations will be used to guide dosing recommendations in our
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population.
3. Discussion

OPTIC is a minimal-risk, minimal-burden point-of-care trial that will
efficiently facilitate the execution of PK, PD, efficacy, and safety ana-
lyses in vulnerable, difficult-to-study populations across drugs and dis-
ease processes. Prior studies have shown EHR-based real-world data and
scavenged samples can be successfully leveraged in small studies, but no
pediatric point-of-care trials have been designed to capitalize on the
amount of data collected per routine care [6,7,12,13,15,16]. Critically
ill children with heart disease are an ideal population in which to
implement and evaluate the feasibility of this trial design as routine care
already necessitates multiple medications, frequent lab draws, and
detailed vital sign monitoring and EHR documentation. Other pediatric
population PK studies using scavenged samples have shown increased
variability in those concentrations due to unstandardized storage con-
ditions and inaccurate recording of sampling time [25,26]. OPTIC ad-
dresses these limitations by ensuring sample stability at various storage
conditions through testing by our central laboratory and standardizing
storage conditions in the protocol for all samples from all sample
methods. Additionally, while the time recorded in the EHR may slightly
deviate from the actual sample collection time, the workflow in our ICU
requires that the nurse scan the sample label at the bedside of the pa-
tient. Using this sample collection time allows OPTIC to continue to
maximize efficiency and minimize burden with only slight discrepancies
(seconds to minutes) that we do not anticipate will affect the validity or
reliability of the population PK model. OPTIC also has built in flexibility
to ensure adequate numbers of samples in each sampling window; since
patients may be enrolled in multiple drugs, we are able to track the
number of samples collected in each sampling window for each drug and
target sampling windows in drugs with fewer samples.

We have had success in many aspects in the early stages of imple-
menting OPTIC that overcome the barriers of traditional PK/PD studies.
Enrollment has been successful with the majority of approached parents
recognizing the minimal risk design to the study and providing consent.
Our preliminary analysis demonstrates successful quantification of drug
levels from small amounts of plasma scavenged from prior lab draws. We
successfully collected samples during all PK sampling windows in the
ideal PK sampling scheme. Multiple trainees were able to gain experi-
ence in consenting, sample collection, and data analysis through having
multiple DOIs. We have successfully extracted diverse types of data from
the EHR and complied them into one database, which we will validate.
Once we have developed this structure, extracting the data required
from enrolling more patients or developing additional DOIs will neces-
sitate minimal additional resources, streamlining ongoing research
efforts.

To date, the implementation of the first three DOIs in the pilot and
validation phase of OPTIC has proven to be feasible, minimal risk, and
minimal burden, though enrollment is not yet completed. We will use
this point-of-care trial to characterize the PK/PD of drugs given per
routine care and determine safe and efficacious drug dosing in critically
ill, difficult-to-study populations. These data can help determine how
age- and disease-specific factors affect drug PK/PD and the real-world
evidence generated may lead to FDA label changes. In addition to
meeting the primary objectives, this trial can assess the adequacy of PD
endpoints, evaluate associations with PD endpoints and clinical out-
comes, and inform future trials. Ultimately, this trial design can be
applied to other drugs in other disease processes.

We envision this trial design expanding to other medical centers to
further advance our knowledge of therapeutics in the pediatric popu-
lation, particularly accounting for practice and regional differences. The
ubiquity of the EHR means the data required for our PK, PD, safety, and
efficacy endpoints are routinely acquired. While our analysis requires
data extracted from the Duke Clinical Research Data Mart, similar
clinical data warehouses are employed by several other institutions
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[27-29]. One problem we anticipate as this trial design expands is
consistency of data collection across institutions. This may require
additional data validation steps, such as ensuring accuracy of docu-
mented times of medication delivery and sample collection, and per-
forming sensitivity analyses with both systematic and random errors
added to the administration time to evaluate the potential impact of data
collection mechanism on PK assessments. Based on our experience
validating data across data sources, we do not foresee this being pro-
hibitive, and expansion and adaptation should allow for effective
increased patient enrollment.

OPTIC overcomes several major hurdles that have previously limited
PK, PD, safety, and efficacy trials in difficult-to-study pediatric pop-
ulations. The pilot phase of OPTIC has been successful to date, and we
are currently proceeding with activation of more DOIs and their asso-
ciated biomarkers and endpoints. By leveraging the existing infrastruc-
ture of the EHR and routine care, OPTIC is being conducted with
maximal efficiency and minimal burden. Data produced by OPTIC have
the potential to be of substantial value to all investigators studying
vulnerable and difficult-to-study populations.

Ethics approval and consent to participate

Informed consent will be obtained from all parents or legal guard-
ians. The study is approved by the Duke Institutional Review Board and
will be performed in accordance with the ethical standards as laid down
in the 1964 Declaration of Helsinki and its later amendments.
Consent for publication

Not applicable.

Availability of data and materials

The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request.

Funding

We have secured funding through the US Food and Drug Adminis-
tration’s Global Pediatric Clinical Trials Network (5U18FD006298-05)
and the Thrasher Research Fund (01376).

Authors’ contributions

ET was a major contributor in writing the manuscript. All authors
substantially contributed to the design of OPTIC. All authors read and
approved the final manuscript.

Authors’ information (optional)
n/a.
Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:

Dr. Thompson was supported by the Eunice Kennedy Shriver Na-
tional Institute of Child Health & Human Development of the National
Institutes of Health under Award Number T32HD104576. Dr. Hill re-
ports support from the National Centers for Advancing Translational
Sciences (U01TR-001803-01). All other authors have no conflicts to
report.

Acknowledgements

The authors would like to thank Erin Campbell, MS, for her editorial

Contemporary Clinical Trials Communications 35 (2023) 101182

review and submission. Ms. Campbell did not receive compensation for
her contributions, apart from her employment at the institution where
this study was conducted.

Abbreviations List

DOI drugs of interest

EHR electronic health record

EMA European Medicines Agency
FDA Food and Drug Administration

ICF informed consent form

ICU intensive care unit

OPTIC  Opportunistic PK/PD Trial In Critically Ill Children with Heart
Disease

PD pharmacodynamic

PK pharmacokinetic

REDCap Research Electronic Data Capture

u.s. United States

References

[1] M.M. Laughon, D.K. Benjamin Jr., E.V. Capparelli, G.L. Kearns, K. Berezny, 1.

M. Paul, et al., Innovative clinical trial design for pediatric therapeutics, Expet Rev.
Clin. Pharmacol. 4 (2011) 643-652.

[2] United States Food and Drug Administration (FDA) Center for Drug Evaluation and
Research, General clinical pharmacology considerations for pediatric studies of
drugs, including biological products guidance for industry: draft guidance.
https://www.fda.gov/media/90358/download, 2022. (Accessed 10 January
2023).

[3] D.B. Hawcutt, R.L. Smyth, The new European regulation on pediatric medicines:
regulatory perspective, Paediatr. Drugs 10 (2008) 143-146.

[4] R.D. Torok, J.S. Li, P.J. Kannankeril, A.M. Atz, R. Bishai, E. Bolotin, et al.,
Recommendations to enhance pediatric cardiovascular drug development: report
of a multi-stakeholder think tank, J. Am. Heart Assoc. 7 (2018), e007283.

[5] J.S. Li, M. Cohen-Wolkowiez, S.K. Pasquali, Pediatric cardiovascular drug trials,
lessons learned, J. Cardiovasc. Pharmacol. 58 (2011) 4-8.

[6] K. O’Hara, J.H. Martin, J.J. Schneider, Barriers and challenges in performing
pharmacokinetic studies to inform dosing in the neonatal population, Pharmacy 8
(2020) 16.

[7] S. Leroux, M.A. Turner, C. Barin-Le Guellec, H. Hill, J.N. van den Anker, G.

L. Kearns, et al., Pharmacokinetic studies in neonates: the utility of an
opportunistic sampling design, Clin. Pharmacokinet. 54 (2015) 1273-1285.

[8] P.D. Joseph, J.C. Craig, P.H.Y. Caldwell, Clinical trials in children, Br. J. Clin.
Pharmacol. 79 (2015) 357-369.

[9] J. van den Anker, M.D. Reed, K. Allegaert, G.L. Kearns, Developmental changes in
pharmacokinetics and pharmacodynamics, J. Clin. Pharmacol. 58 (2018) S10-S25.

[10] R.M. Califf, P. Cavazzoni, J. Woodcock, Benefits of streamlined point-of-care trial
designs: lessons learned from the UK RECOVERY Study, JAMA Intern. Med. 182
(2022) 1243-1244.

[11] United States Food and Drug Administration Center for Drug Evaluation and
Research and Center for Biologics Evaluation and Research, Considerations for the
use of real-world evidence to support regulatory decision-making for drug and
biological products guidance for industry: draft guidance. https://www.fda.
gov/media/154714/download. (Accessed 11 January 2023). Published December
2021.

[12] L. Choi, C. Beck, E. McNeer, H.L. Weeks, M.L. Williams, N.T. James, et al.,
Development of a system for postmarketing population pharmacokinetic and
pharmacodynamic studies using real-world data from electronic health records,
Clin. Pharmacol. Ther. 107 (2020) 934-943.

[13] N.T. James, J.H. Breeyear, R. Caprioli, T. Edwards, B. Hachey, P.J. Kannankeril, et
al., Population pharmacokinetic analysis of dexmedetomidine in children using
real-world data from electronic health records and remnant specimens, Br. J. Clin.
Pharmacol. 88 (2022) 2885-2898.

[14] K.A. Mc Cord, L.G. Hemkens, Using electronic health records for clinical trials:
where do we stand and where can we go? CMAJ (Can. Med. Assoc. J.) 191 (2019)
E128-E133.

[15] S.L. Van Driest, M.D. Marshall, B. Hachey, C. Beck, K. Crum, J. Owen, et al.,
Pragmatic pharmacology: population pharmacokinetic analysis of fentanyl using
remnant samples from children after cardiac surgery, Br. J. Clin. Pharmacol. 81
(2016) 1165-1174.

[16] D. Gonzalez, C. Melloni, R. Yogev, B.B. Poindexter, S.R. Mendley, P. Delmore, et
al., Use of opportunistic clinical data and a population pharmacokinetic model to
support dosing of clindamycin for premature infants to adolescents, Clin.
Pharmacol. Ther. 96 (2014) 429-437.

[17] J.A. Heneghan, E.A. Trujillo Rivera, Q. Zeng-Treitler, F. Faruge, H. Morizono, J.
E. Bost, et al., Medications for children receiving intensive care: a national sample,
Pediatr. Crit. Care Med. 21 (2020) e679-e685.

[18] S.A. Bodily, C. Delgado-Corcoran, K. Wolpert, K. Lucas, A.P. Presson, S.L. Bratton,
Reducing blood testing in pediatric patients after heart surgery: proving
sustainability, Pediatr. Qual. Saf. 2 (2017) e047.


http://refhub.elsevier.com/S2451-8654(23)00128-X/sref1
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref1
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref1
https://www.fda.gov/media/90358/download
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref3
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref3
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref4
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref4
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref4
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref5
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref5
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref6
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref6
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref6
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref7
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref7
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref7
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref8
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref8
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref9
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref9
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref10
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref10
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref10
https://www.fda.gov/media/154714/download
https://www.fda.gov/media/154714/download
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref12
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref12
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref12
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref12
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref13
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref13
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref13
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref13
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref14
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref14
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref14
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref15
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref15
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref15
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref15
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref16
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref16
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref16
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref16
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref17
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref17
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref17
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref18
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref18
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref18

E.J. Thompson et al.

[19]

[20]

[21]

[22]

[23]

[24]

P.A. Harris, R. Taylor, B.L. Minor, V. Elliott, M. Fernandez, L. O’Neal, et al., The
REDCap consortium: building an international community of software platform
partners, J. Biomed. Inf. 95 (2019), 103208.

P.A. Harris, R. Taylor, R. Thielke, J. Payne, N. Gonzalez, J.G. Conde, Research
electronic data capture (REDCap)-a metadata-driven methodology and workflow
process for providing translational research informatics support, J. Biomed. Inf. 42
(2009) 377-381.

J.H. Hurst, Y. Liu, P.J. Maxson, S.R. Permar, L.E. Boulware, B.A. Goldstein,
Development of an electronic health records datamart to support clinical and
population health research, J. Clin. Transl. Sci. 5 (2020) el3.

United States Food and Drug Administration Center for Drug Evaluation and
Research and Center for Biologics Evaluation and Research, Population
pharmacokinetics guidance for industry. https://www.fda.gov/media/128793
/download. (Accessed 11 January 2023). Published February 2022.

Y. Wang, P.R. Jadhav, M. Lala, J.V. Gobburu, Clarification on precision criteria to
derive sample size when designing pediatric pharmacokinetic studies, J. Clin.
Pharmacol. 52 (2012) 1601-1606.

C. Stockmann, J.S. Barrett, J.K. Roberts, Sherwin Cmt, Use of modeling and
simulation in the design and conduct of pediatric clinical trials and the

[25]

[26]

[27]

[28]

[29]

Contemporary Clinical Trials Communications 35 (2023) 101182

optimization of individualized dosing regimens, CPT Pharmacometrics Syst.
Pharmacol. 4 (2015) 630-640.

J. Autmizguine, D.K. Benjamin Jr., P.B. Smith, M. Sampson, P. Ovetchkine,

M. Cohen-Wolkowiez, et al., Pharmacokinetic studies in infants using minimal-risk
study designs, Curr. Clin. Pharmacol. 9 (2014) 350-358.

S. Schouwenburg, R.F.J. van der Klip, T.J.L. Smeets, N.G.M. Hunfeld, R.B. Flint,
M. de Hoog, et al., Review of scavenged sampling for sustainable therapeutic drug
monitoring: do more with less, Ther. Drug Monit. 44 (2022) 215-223.

C.P. Hornik, A.M. Atz, C. Bendel, F. Chan, K. Downes, R. Grundmeier, et al.,
Creation of a multicenter pediatric inpatient data repository derived from
electronic health records, Appl. Clin. Inf. 10 (2019) 307-315.

H.J. Lowe, T.A. Ferris, P.M. Hernandez, S.C. Weber, STRIDE-An integrated
standards-based translational research informatics platform, AMIA Annu. Symp.
Proc. 2009 (2009) 391-395.

E.S. Hall, J.M. Greenberg, L.J. Muglia, P. Divekar, J. Zahner, J. Gholap, et al.,
Implementation of a regional perinatal data repository from clinical and billing
records, Matern. Child Health J. 22 (2018) 485-493.


http://refhub.elsevier.com/S2451-8654(23)00128-X/sref19
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref19
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref19
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref20
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref20
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref20
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref20
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref21
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref21
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref21
https://www.fda.gov/media/128793/download
https://www.fda.gov/media/128793/download
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref23
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref23
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref23
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref24
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref24
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref24
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref24
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref25
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref25
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref25
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref26
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref26
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref26
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref27
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref27
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref27
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref28
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref28
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref28
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref29
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref29
http://refhub.elsevier.com/S2451-8654(23)00128-X/sref29

	A point-of-care pharmacokinetic/pharmacodynamic trial in critically ill children: Study design and feasibility
	1 Background
	2 Methods/design
	2.1 Objectives
	2.2 Study design
	2.3 Patient population
	2.4 Bioanalytic sample analysis
	2.5 Data sources
	2.6 Data validation
	2.7 Sample size considerations
	2.8 Statistical analysis
	2.9 PK analysis
	2.10 Exploratory PD analyses
	2.11 Dosing simulations

	3 Discussion
	Ethics approval and consent to participate
	Consent for publication
	Availability of data and materials
	Funding
	Authors’ contributions
	Authors’ information (optional)
	Declaration of competing interest
	Acknowledgements
	Abbreviations List
	References


