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hallenges in conducting and completing studies of

drugs in vulnerable populations, such as hospitalized

children, include weak study designs and lack of suf-

ficient sample sizes to achieve adequate power." Lim-
itations in the amount of blood that can be safely drawn in chil-
dren and low parental consent rates due to concerns for anemia
or pain, if venipuncture is required, lead to an insufficient number
of patients enrolled in traditional clinical studies.? Thus, sample
size targets are often not met. Recognizing the limited pediatric
data for many drugs routinely prescribed off label in children, the
Food and Drug Administration implemented the Best Pharma-
ceuticals for Children Act and the Pediatric Research Equity Act
(PREA) in 2003; these legislative acts require clinical studies to
assess the safety and efficacy of new drugs in children.” While
studies conducted under these acts have provided important in-
formation for the clinical care of children, only one-third of man-
datory pediatric postmarketing studies of the 114 new drugs and
new indications subject to PREA requirements between 2007
and 2014 had been completed within 7 years.?

Despite the challenges in conducting studies of drugs in chil-
dren, robust pediatric data must be generated in children, espe-
cially in those with medical complexity or with chronic medical
diseases and who have significant risk of experiencing adverse
drug events. Data in adults cannot simply be extrapolated to chil-
dren.* In addition, studies from healthy children may not apply to
hospitalized pediatric patients because of significant physiologic
changes that occur in children who are ill enough to be hospital-
ized. Opportunistic sampling can provide robust drug disposi-
tion data and overcome some of the challenges encountered by
traditional drug studies. In this Methodologic Progress Note, we
describe the utility of opportunistic sampling as a research tool
for hospitalists, in partnership with clinical pharmacologists, to
study drug pharmacokinetics (PK) in hospitalized children.

OPPORTUNISTIC SAMPLING DEFINED

Opportunistic sampling relies on the use of blood samples that
are ordered for clinical purposes, and its use is endorsed by the
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Pediatric Trials Network.2> Opportunistic sampling approaches
have two types: sparse sampling and scavenged or remnant
sampling. In sparse opportunistic sampling, additional blood is
obtained at the same time clinical samples are ordered, which
avoids the need for additional punctures.® This approach requires
bedside personnel to obtain additional blood that is sent to the
research team for further processing. Scavenged sampling relies
on leftover residual blood from clinical samples.?® After the clini-
cal laboratory performs the laboratory test ordered by the clinical
team, the research team can scavenge residual blood for mea-
surement of drug concentrations. When drug concentrations are
measured from multiple patients, clinical pharmacologists can
perform population PK modeling to characterize the pharmaco-
kinetics of the drug and its variability within the population level.
The Figure shows how scavenged samples from hypothetical
patients could be used to generate a PK curve. In this example,
three patients are admitted for osteomyelitis and treated with
the same antibiotic administered every 8 hours, as shown by
the theoretical concentration vs time profiles in the top panel.
To determine the effectiveness of treatment and timing of tran-
sition to enteral antibiotics, the clinical team orders C-reactive
protein (CRP) evaluation approximately every 48 hours for each
patient. Patients have their first dose of antibiotic at a different
time of day depending on the time of admission or surgical
drainage. Therefore, the timing of the blood draw with respect
to the most recent antibiotic dose varies between patients even
if blood draws are ordered at the same time for all patients (ie,
4 am lab draw). For patient 1, the blood draws occur approxi-
mately 3 to 5 hours after the second and eighth antibiotic doses
(Figure, top panel). After the clinical laboratory measures the
CRP, the research team scavenges residual blood from the lab
samples and measures antibiotic concentrations. The antibiotic
concentrations are then plotted on a concentration vs time after
most recent dose. (Figure, bottom panel). Patient 2 has blood
drawn 5 to 7 hours after the first and seventh antibiotic doses.
The third patient has blood drawn within 2 hours after the sec-
ond and eighth antibiotic doses. As more samples are collected
from additional patients, population PK modeling provides a ro-
bust description of the central tendency of the concentration vs
time profile. More important, as more patients are included, the
interpatient variability in concentrations can be described within
the population, which often cannot be performed well with the
smaller numbers of patients enrolled in traditional PK studies.
Opportunistic sampling has advantages over traditional
intensive PK studies that often require multiple blood draws
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FIG. lllustration of how samples obtained from multiple hypothetical patients through opportunistic sampling can describe the concentration vs time profile at the
population level. In this example, all three patients receive the same antibiotic every 8 hours, as shown by the concentration vs time profiles in the top panel (solid
black, dotted yellow, and dashed blue lines). Each patient has two C-reactive protein (CRP) levels obtained approximately every 48 hours, as shown in the top panel.
Patient 1 (black solid line) has blood drawn after the second and eighth doses for CRP measurement. Residual blood after CRP testing is used to measure the antibi-
otic concentration. The antibiotic concentrations measured from the two CRP samples from patient 1 are plotted on a concentration vs time after most recent dose
graph, as shown in the bottom panel. Patient 2 (dotted yellow line) has blood drawn after the first and seventh doses. Patient 3 (dashed blue line) has blood drawn
shortly after the second and eighth doses are given. Antibiotic concentrations measured from all three patients are plotted on the same concentration vs time after

most recent dose profile to describe antibiotic pharmacokinetics at the population level, as shown in the bottom panel.

(typically >8-10) within one dosing interval to adequately de-
scribe the phases of absorption, distribution, metabolism,
and elimination. The number of vascular punctures can be
painful if blood cannot be drawn from existing vascular ac-
cess, and the large amount of blood (sometimes >1 mL per
sample) required for these studies can be impractical, burden-
some, and even dangerous in young children and neonates.
Scavenged sampling reduces the risk of anemia because no
additional blood is drawn beyond what is obtained for clinical
purposes, and it does not disrupt nursing workflow or add to
nursing workload. Approval to use scavenged blood requires
approval from the institutional review board. At some insti-
tutions, the consent to treat form on admission may address
the use of scavenged samples and therefore allow for waiver
of consent. In addition, the consent process may occur retro-
actively after samples are collected. These methods lead to
increased enrollment.

Limitations in this approach are that drugs may degrade
over time in whole blood or processed samples. Therefore,
the process by which the clinical laboratory stores the residual
blood after clinical tests must be understood, and the stability
of the drug or metabolite of interest in blood or plasma over
time must be ensured. In addition, residual blood may not be
present after a clinical test, and recording times of the drug
administration and lab draws may be inaccurate.?®
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APPLICATIONS OF OPPORTUNISTIC
SAMPLING IN CLINICAL PHARMACOLOGY
RESEARCH

Opportunistic sampling has been successfully used to study a
variety of drugs in different pediatric populations but has been
primarily used in neonates. The multicenter Pharmacokinetics of
Understudied Drugs Administered to Children Per Standard of
Care trial has utilized this approach to evaluate the PK of over
30 drugs.® Several antimicrobials have been studied through
opportunistic sampling, including those frequently used in pe-
diatric hospital medicine, such as ampicillin® and clindamycin.”

This sampling approach may be most beneficial in studying
select patients. Patients who are obese, a group often exclud-
ed in pediatric drug trials, have been previously included in op-
portunistic drug studies.® The utility of opportunistic sampling
to study antimicrobials, morphine, and cardiac drugs has been
demonstrated in neonates, both preterm and term, in whom
additional blood draws can be challenging because of low to-
tal blood volume and limited vascular access.®”%1?

Although the frequency of blood draws from patients admit-
ted to pediatric hospital medicine services is generally lower
than that for patients on other subspecialty services, such as
critical care, we can capitalize on the high volume of patients
with common diagnoses (eg, pneumonia, skin, and soft tissue
infections) who are admitted to hospital medicine. Using op-
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portunistic sampling, we can study the PK of drugs frequent-
ly used in hospital medicine, such as antibiotics, antiepileptic
drugs, steroids, and pain medications. In addition, we can mea-
sure drug concentrations to study the effects of route adminis-
tration (oral, enteric tube, or intravenous) to guide not only the
dosing but also the timing of transition to enteral medications.
Finally, we can study drugs that are commonly used in adult and
pediatric patient populations cared for by hospitalists but who
are often excluded from clinical drug trials, such as patients with
medical complexity, patients with medical devices (eg, nervous
system shunts and tracheostomies), patients taking concomi-
tant medications, or patients on extracorporeal devices such as
dialysis, to validate drug regimens.

CONCLUSION

Generating robust pediatric clinical pharmacology data has
many inherent challenges because of the vulnerability of chil-
dren. However, their vulnerability requires that medications
be studied thoroughly in children to ensure their safety and
effectiveness. Opportunistic sampling allows for rigorous
studies to be conducted with adequate sample sizes while
minimizing the risk of pain, anemia, and other adverse events
related to clinical drug trials. Pediatric hospitalists should con-
sider this approach to advance their knowledge of commonly
used drugs that have not been adequately studied in hospi-
talized children and can expand the use of opportunistic sam-
pling to study other aspects of disease, such as diagnostic or
prognostic biomarkers.
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