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Microsampling to support pharmacokinetic clinical studies in
pediatrics
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BACKGROUND: Conventional sampling for pharmacokinetic clinical studies requires removal of large blood volumes from patients.
This can result in a physiological/emotional burden for children. Microsampling to support pharmacokinetic clinical studies in
pediatrics may reduce this burden.
METHODS: Parents/guardians and bedside nurses completed a questionnaire describing their perception of the use of
microsampling compared to conventional sampling to collect blood samples, based on their child’s participation or their own role
within a paired-sample pharmacokinetic clinical study. Responses were based on a seven-point Likert scale and were analyzed
using frequency distributions.
RESULTS: Fifty-one parents/guardians and seven bedside nurses completed a questionnaire. Parents/guardians (96%) and bedside
nurses (100%) indicated that microsampling was highly acceptable and recommended as a method for collecting blood samples for
pediatric patients. Responding to a question about the child indicating pain during the blood sampling procedure, 61% of parent/
guardians reported no pain in their children, 14% remained neutral, and 26% reported that their child indicated pain; 71% of the
bedside nurses slightly agreed that the children indicated pain.
CONCLUSIONS: This study strongly suggests that parents/guardians and bedside nurses prefer microsampling to conventional
sampling to conduct pediatric pharmacokinetic clinical studies. Employing microsampling may support increased participation by
children in these studies.
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IMPACT:

● Pharmacokinetic clinical studies require the withdrawal of blood samples at multiple times during a dosing interval. This can
result in a physiological or emotional burden, particularly for neonates or pediatric patients.

● Microsampling offers an important opportunity for pharmacokinetic clinical studies in vulnerable patient populations, where
smaller sample volumes can be collected. However, microsampling is not commonly used in clinical studies.

● Understanding the perceptions of parents/guardians and bedside nurses about microsampling may ascertain if this technique
offers an improvement to conventional blood sample collection to perform pharmacokinetic clinical studies for pediatric
patients.

INTRODUCTION
Pharmacokinetic clinical studies are performed to establish an
understanding of the dose–concentration relationship of a drug.
From these studies, optimal dosing can be established. These
studies are performed during the registration process of a new
drug and post registration in special patient populations.
Pharmacokinetic clinical studies require the withdrawal of blood
samples at multiple times during a dosing interval from a group of
healthy volunteers or patients. Relatively large cumulative volumes
of blood, typically between 0.5 and 2mL per sample, are taken
using either an arteriovenous cannula or venous phlebotomy.1 This
conventional large volume approach to sampling can be

problematic for pediatric patients as the frequency and volume
of withdrawn blood is not always easily obtainable. Blood sampling
can inflict pain, can cause distress, and, particularly in critically ill
patients, can also cause iatrogenic anemia.2–4

Recent advances in technology have led to improvements in
assay sensitivity and the ability to measure drug concentrations in
smaller volumes of biological fluids. Microsampling techniques
take advantage of this advance to enable the collection of smaller
blood samples (50 µL or less) from a skin prick rather than via
venous phlebotomy or using an indwelling cannula.
Microsampling is being implemented for a range of clinical

studies, including drug development and pre-clinical studies,5–7
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pharmacokinetic and toxicokinetic studies,7–10 and clinical brid-
ging studies.11 Despite the increasing use of microsampling to
support clinical studies, the clinical application, especially in
pharmacokinetics, in pediatric patients remains limited.
Parents/guardians may refuse involvement of their child in any

clinical research study. By understanding the perceptions of
parents/guardians about microsampling, we may ascertain if this
technique offers an improvement to conventional blood sample
collection for pediatric patients. Pediatric bedside nurses are
familiar with microsampling, in terms of the collection of capillary
samples for routine blood gas analysis. Some studies have used
microsampling in pediatrics, such as volumetric absorptive
microsampling as a tool for self-sampling collection to monitor
hemoglobin A1c in diabetic patients,12 while others have used
dried blood spots to (i) self-collect samples at home for
therapeutic drug monitoring of antiepileptic drugs in children
with epilepsy13 and (ii) to investigate the relationship between
pharmacokinetic parameters, side effects and effectiveness of
risperidone in children with autism, and severe behavioral
problems.14 Other larger studies performed in adults have found
microsampling to be acceptable for therapeutic drug monitor-
ing,15–17 toxicology,18 and observational clinical studies.19

Nested within a pharmacokinetic clinical study in a Pediatric
Intensive Care Unit (PICU; HREC/17/QRCH/45) paired plasma
samples were collected (1) by skin prick as a capillary micro-
sample, and (2) by arterial venous line for conventional sampling.
However, for a microsample to be successfully used in clinical
practice, the acceptability of the collection of blood samples using
microsampling needs to be understood. Therefore, the aim of this
survey was to evaluate the perceptions of parents/guardians and
bedside nurses about the use of microsampling during the
pharmacokinetic clinical study as an alternative sampling techni-
que to facilitate clinical studies in pediatric patients in general.

METHODS
Study design
A survey nested within a paired-sample pharmacokinetic clinical
study, involving conventional sampling and microsampling, was
conducted in the PICU at the Queensland Children’s Hospital in
Brisbane, Australia. The survey, containing two independently
administered questionnaires, was approved by the Human
Research Ethics Committee of the Queensland Children’s Hospital
(HREC/17/QRCH/45).

Clinical staff training
Bedside nurses were trained on the overall functionality and
handling of two types of microsampling devices selected for the
clinical study. These included capillary microsampling, where <50
µL of whole blood obtained by a skin prick is collected into a
heparinized tube, and microfluidic capillary tube sampling
(Microsampling Wing™, ref. 20), in which ~23 µL of whole blood
obtained by a skin prick is collected into a micro-channel
containing anticoagulant. The research staff were provided with
direct demonstrations and information sheets for collection
procedures using the microfluidic capillary sampling device and
capillary microsampling. Clinical bedside PICU staff are familiar
with capillary microsampling as a common technique for
obtaining clinical blood samples from hospitalized children.

Procedure
Data were collected between March 2019 and August 2020.
Critically ill children receiving the study drug, as prescribed by the
treating physician, and admitted to the PICU of the Queensland
Children’s Hospital in Brisbane, Australia, were eligible for the
pharmacokinetic clinical study. Prior to sampling, written informed
consent was obtained from the parent/guardian. Paired whole-
blood samples were simultaneously collected at five pre-defined

time points: prior to administration of the study drug and then
four times post administration. The sample collection process
produced two sets of liquid plasma samples: one microsample
and one conventional sample. For capillary microsamples, the
patient’s finger was cleaned with alcohol and the skin-prick
puncture was performed using a lancet device (either Haemolance
Plus®, low flow 25 G × 1.4 mm or BD Microtainer Quikheel Infant
Lancet, 1 mm × 2.5 mm).
Parents/guardians of patients in the PICU, who agreed to

participate in the pharmacokinetic clinical study, were asked to
complete questionnaire #1 after their children were enrolled and
participated in the study. Along with the questionnaire, informa-
tion sheets were provided that explained the use of microsam-
pling techniques to facilitate the collection of samples from a
patient to support clinical studies.
The bedside nurse caring for the study patient was asked to

complete questionnaire #2 after completion of blood sampling. All
questionnaires were anonymous.
Questionnaire #1 consisted of 12 questions and questionnaire

#2 had 9 questions. The responses were based on a seven-point
Likert scale (1= strongly agree, 2= agree, 3= slightly agree, 4=
neutral, 5= slightly disagree, 6= disagree, and 7= strongly
disagree). The surveys were designed by the research staff to
measure overall perceptions of parents/guardians and bedside
nurses about the use of microsampling techniques to conduct
pharmacokinetic clinical studies in pediatric patients.

Description of answers
Ordinal data collected from the questionnaires were analyzed
using frequency and frequency distributions with data presented
as percentages. The responses from the questionnaires were de-
identified prior to data analysis.

RESULTS
Eighty-six parents/guardians consented for their children (age
range: 1 month–12 years) to participate in the pharmacokinetic
clinical study. Of these, 51 parents/guardians completed ques-
tionnaire #1. The results of the questionnaire #1 are summarized in
Supplementary material S1. The demographic characteristics of
the pediatric patients are shown in Table 1.
Responses were collected from seven bedside nurses (ques-

tionnaire #2). Four of the nurses collected microsamples from
critically ill pediatric patients using capillary microsampling and
three nurses collected microsamples from critically ill pediatric
patients using microfluidic capillary devices. The results of the
questionnaire #2 are shown in Supplementary material S2.
Parents/guardians reported whether they had concerns regard-

ing the use of microsampling techniques before their children
participated in the clinical pharmacokinetic study. Only 6% (n= 3/
51) of the respondents slightly agreed that they had concerns. The
majority (98%, n= 50/51) of the parents/guardians reported
confidence in the bedside nurses performing the skin-prick
procedure and 100% (n= 51/51) of the respondents agreed or
strongly agreed that they fully understood the implications of
being part of the pharmacokinetic clinical study using microsam-
pling techniques, including the amount of blood required to be
withdrawn from their children. All of the bedside nurses (100%,
n= 7/7) agreed or strongly agreed that they were confident in the
training and their use of microsampling techniques required to
conduct the clinical study.
Overall, 94% (n= 48/51) of the parents/guardians and 100%

(n= 7/7) of the bedside nurses perceived that microsampling
techniques are less invasive and less painful than conventional
blood sampling. Furthermore, 90% (n= 46/51) of parents/guar-
dians and 100% (n= 7/7) of bedside nurses agreed, slightly
agreed, or strongly agreed that they would recommend micro-
sampling to support clinical studies in pediatric patients, while
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10% (n= 5/51) of the parents/guardians remained neutral (Fig. 1).
There were mixed responses from parents/guardians and bedside
nurses on how they perceived the pain indicated by the child
during the skin-prick sampling procedure (Fig. 1). Sixty-one
percent (n= 31/51) of the parents/guardians disagreed, slightly
disagreed, or strongly disagreed that their children indicated pain.
However, the skin-prick procedure is not always without pain, 14%
(n= 7/51) of the respondents remained neutral, and 26% (n= 13/
51) agreed, slightly agreed, or strongly agreed that their children
indicated pain during the procedure. The majority (71%, n= 5/7)
of the bedside nurses only slightly agreed that the child indicated
pain when collecting the sample from the skin prick using
microsampling devices, while 29% (n= 2/7) only slightly dis-
agreed with this statement. In a section provided in the
questionnaire for additional comments, two parents/guardians
commented that they observed discomfort rather than pain in
their children due to the skin-prick procedure.
Another important feature evaluated in this survey was the

perception of parents/guardians regarding their children’s overall
needs being met during the pharmacokinetic clinical study. The
majority of the parents/guardians (92%, n= 47/51) agreed that
their child’s needs were met, 4% (n= 2/51) of the parents/
guardians disagreed or strongly disagreed with this statement,
while 4% (n= 2/51) remained neutral. In the additional comments
section, one parent commented on the clinical staff prioritizing
the clinical study over the medical procedures.
Additional parent/guardian comments are provided in Supple-

mentary material S1.

DISCUSSION
We have investigated the overall perceptions of parents/guardians
and bedside nurses about the use of microsampling as an
alternative sampling technique to facilitate pharmacokinetic
clinical studies in pediatric patients.
There are physiological concerns regarding the impact on

pediatric patients based on the amount of blood required to
participate in a pharmacokinetic study. This requires consideration

of the sampling frequency and the sample volume needed to
accurately describe drug concentrations.21, 22 This problem is more
evident in young children due to their relatively small circulatory
blood volume.22 Large amounts of blood sampling can cause
iatrogenic anemia, compromise volume circulation, and lead to
the need for a blood transfusion.1 Conventional venous blood
sampling using an indwelling catheter requires the removal of
additional ‘discard’ volumes of blood (up to 2–5mL per sample).
This adds a risk of thrombosis and infection of the cannula and
requires additional intravenous flushes to prevent blood clotting
and blocking of the intravenous cannula. The guidelines
recommend that the amount of blood sampling in young infants
should not exceed 3% of the total blood volume in a 4-week
period and 1% at any single time.23 These guidelines can limit the
number of blood samples that can be collected for participation in
a pharmacokinetic clinical study.
As an alternative blood sampling technique, microsampling can

be collected from a skin prick. Skin-prick collection can be
associated with distress and discomfort or some level of pain.24, 25

During the pharmacokinetic clinical study, it was observed that
two older pediatric patients (age range 5–10 years) refused the
skin-prick procedure after the first microsample was taken due to
distress associated with the skin prick. As a result, subsequent
microsamples were not collected from these patients. In addition
to affecting pediatric patients, child’s pain and distress during
needle procedures may cause anxiety-related reactions in parents/
guardians and bedside nurses.26 In our study, ~75% of bedside
nurses and 40% of parents/guardians completing the question-
naire perceived that the child experienced pain (with some
parents noting that they perceived this as discomfort) during the
microsampling procedure. In a section provided in the ques-
tionnaire for additional comments, parents/guardians commented
that discomfort rather than pain was observed in their children
due to the skin-prick procedure. A study by Fradet et al.24 reported
that considerably more distress behaviors were observed in
pediatric patients (aged 3–17 years) undertaking blood-related
venipuncture procedures compared with those patients experien-
cing a skin prick. This is more evident in the PICU, where the
majority of the patients experience phlebotomy at the time of
admission either via venipuncture or by inserting an intravenous
cannula to collect blood samples as part of their routine
clinical care.
It is of interest that the perception of over half of the parents/

guardians completing the questionnaire was that their children
were unaffected by the skin prick used to collect the microsample
during the pharmacokinetic clinical study. In addition, the results
from the questionnaires of both parents/guardians and bedside
nurses showed high acceptability of microsampling as an
alternative method for blood sampling.
Although the questionnaire for the bedside nurses did not

specify the type of microsampling technique used in the study, we
documented whether capillary microsampling or microfluidic
capillary sampling were used to collect the sample from the
patient. The results of the survey showed that both of the
microsampling techniques used were acceptable to the nursing
staff for use to support clinical studies in pediatric settings.
It is important to note that the sample size of the responses

may serve as a limitation in our study. This is particularly the case
for the bedside nurses’ survey, in which only seven questionnaires
were collected from the nurses caring for the study participants.
The PICU wards provide specialized and advanced treatments to
critically ill patients, who constantly requires high levels of
monitoring from bedside nurses. This may have limited the
collection of additional questionnaires from the nurses.
We did not prospectively evaluate the overall perceptions of

parents/guardians prior to the study. We conducted the ques-
tionnaire survey after the microsampling techniques were used in
the pharmacokinetic clinical study. This limited our ability to

Table 1. Patient demographics.

(n= 51) Frequency Percentage Age at
PELOD-Score
Calculation
(months, range)

Weight
(kg, range)

Gender

Female 25 49

Male 26 51

Age group

1 month–1 year
13 25 (1.1–11.8) (2.8–9.0)

1–4 year 19 37 (12–47.4) (8.5–15.6)

4–9 years 10 20 (61.5–106) (10–33.5)

9–12 years 9 18 (108.9–141.3) (29.2–67.7)

Ethnicity

Aboriginal 1 2

Asian 3 6

Indian 1 2

Mixed
or other

2 4

Pacific 1 2

Caucasian 43 84

PELOD Pediatric Logistic Organ Dysfunction.
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understand parents/guardians’ initial thoughts concerning the
participation of their children in a study that involved micro-
sampling techniques to support clinical studies.
This study identified the perceptions from both parents/

guardians and bedside nurses about the use of microsampling
when collecting clinical samples from pediatric patients. The
information gathered in these surveys showed that microsampling
has a high level of acceptability as a method for collecting blood
samples for pediatric patients. Furthermore, microsampling would
be recommended as a blood sampling technique by both parents/
guardians and bedside nurses.
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