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Purpose: Innovative and sustainable sampling strategies for
bioanalytical quantification of drugs and metabolites have gained
considerable interest. Scavenging can be stratified as a sustainable
sampling strategy using residual material because it aligns with the
green principles of waste reduction and sampling optimization.
Scavenged sampling includes all biological fluids’ (eg, blood, liquor,
and urine) leftover from standard clinical care. This review elabo-
rates on the past and current landscape of sustainable sampling
within therapeutic drug monitoring, with a focus on scavenged
sampling.

Methods: In February 2021, 4 databases were searched to assess
the literature on the clinical use of innovative and sustainable
sampling techniques without applying publication date restrictions.
Studies reporting the clinical use of scavenged blood sampling and
bridging studies of scavenged sampling and normal blood sampling
were eligible for inclusion.

Results: Overall, 19 eligible studies concerning scavenged sam-
pling were identified from 1441 records. Scavenged sampling is
mainly applied in the pediatric population, although other patient
groups may benefit from this strategy. The infrastructure required for
scavenged sampling encounters several challenges, including logistic
hurdles, storage and handling conditions, and documentation errors.

A workflow is proposed with identified opportunities that guide the
implementation of scavenged sampling.

Conclusions: This review presents current evidence on the clinical
use of scavenged sampling strategies. Scavenged sampling can be a
suitable approach for drug quantification to improve dosage
regimens, perform pharmacokinetic studies, and explore the value
of therapeutic drug monitoring without additional sample collection.

Key Words: therapeutic drug monitoring, pediatrics, scavenged
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INTRODUCTION
Sample collection for therapeutic drug monitoring (TDM)

is conventionally performed by venipuncture, which often
involves a specific blood withdrawal for drug quantification
purposes. Fortunately, given the global focus on sustainability,
there is a growing shift from conventional blood collection to
sustainable collection strategies. Accordingly, innovative and
sustainable sampling strategies for the quantitative bioanalysis
of drugs and metabolites have gained momentum.1–3 Sustainable
sampling includes minimizing the total blood volume drawn and
reducing material usage.

The current decade will see the dawn of “green” sus-
tainable practice among hospital policy evolution.4 Several
projects have attempted to reduce the carbon footprint and
material spillage.5 Eventually, implementing sustainable tech-
niques may lead to data set enrichment while applying
patient-centric sampling and raising awareness among health
care providers. Behavioral change and cross-sectional collab-
oration are the pillars of successful sustainable practice.6

Several sustainable sampling approaches have been
introduced to reduce the number of samples or total volume
of collected blood, which can be categorized into 3 main groups
(Fig. 1): microsampling, sparse sampling, and scavenged sam-
pling. First, microsampling embodies numerous techniques that
require limited blood volumes (,50 mL) to successfully quan-
tify drug concentrations. The diverse microsampling techniques
differ in the absorption matrix and/or method of analysis.7 The
second approach is the use of sparse sampling, which aims to
optimize sample collection. A small number of samples were
collected from a large number of patients, which allows for
flexibility in sampling times. Sparse sampling is extensively
applied in pediatric population PK (popPK) studies because it
corresponds with the ethical considerations regarding this
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subpopulation.8 Finally, scavenged sampling involves the use of
residual material of all biological fluids (eg, blood, liquor, urine,
or saliva), which are leftover from the standard clinical practice.9

Importantly, scavenged sampling does not carry any extra bur-
den or risks for the patient. It should be noted that in all 3
sustainable sampling approaches, the measurement of different
components using a multianalyte assay involves additional
advantages with respect to sustainability.

The objective of this review is to highlight the past and
current landscape of the application of sustainable sampling
within TDM, with a specific focus on scavenged sampling.
We discuss the promising future of scavenged sampling
methods, given their broad applicability, and provide a
framework to stimulate sustainability. Furthermore, the
authors elaborate on the prospects and broader implications
of the scavenged sampling strategies.

METHODS
A literature search was conducted in February 2021,

without restrictions on the publication date. Four databases were
searched to assess reports on the clinical use of innovative and
sustainable sampling techniques: Embase, MEDLINE All Ovid,
Web of Science Core Collection, and Cochrane Central Register
of Trials. Original research articles were eligible for inclusion
when reporting the use of scavenged blood sampling and/or
bridging studies designed to demonstrate the equivalence of
scavenged sampling and scheduled blood sampling. The exclu-
sion criteria were non-English articles, conference abstracts,
letters to the editor, no full-text availability, animal studies, and
in vitro studies. Validation of quantitative laboratory techniques
and review articles was also excluded, but references in reviews
were screened for relevant articles not identified by the search
strategy. Then, articles from the databases were imported into a

reference manager (Endnote 20 X9�), and a previously
described inclusion strategy was used.10 Titles and abstracts were
screened independently by 2 reviewers (S.S. and R.K.).
Disagreements were resolved by reaching a consensus. If the 2
assessors failed to reach a consensus, a third investigator (A.A.)
was consulted. The following data were extracted from each
included study: author, year of publication, type of study, study
drugs, drug class, age category, number of samples and percent-
age of scavenged samples, main conclusions, and limitations.

SEARCH RESULTS AND SELECTION OF ARTICLES
Figure 2 presents a flowchart of the selection process for

this review. The initial search resulted in 1441 records. Detailed
research terms can be found in Supplemental Digital Content 1
(see Supplementary Material Table S1, http://links.lww.com/
TDM/A529). After eliminating duplicates and screening titles
and abstracts, 23 articles were eligible for full-text assessment.
Eventually, 19 of the 23 studies were included; 4 studies that did
not meet the inclusion criteria were used to support the concept of
scavenged sampling.8,9,11–31 Table 1 presents the characteristics of
the 19 included studies. Table 2 presents the outcomes and limita-
tions of included studies as described by the authors. Studies were
reviewed in the chronological order of the year of publication,
considering the evolving knowledge of scavenged sampling.

Application of Scavenged Sampling
Over the years, several studies have been conducted on

the application of scavenged sampling, with reference to
different drug classes (Table 1). New sustainable sampling strat-
egies are of particular interest in pharmacokinetics and pharma-
codynamic (PKPD) research and routine TDM. Most included
articles (13 of 19) examined antibiotics. Other investigated drug
classes were antimycotics, antivirals, antiarrhythmics, and opioid

FIGURE 1. Overview of sustainable drug monitoring methods.
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agents. The first study reporting the use of scavenged sampling
only applied the method to some of the samples. However, in
more recent studies, the percentage of scavenged samples
increased to 100% among all obtained study materials.

Scavenged sampling is mainly applied to infants and
neonates (15 of 19). On the one hand, this may result from
the new legislation regarding the permitted burden because

of sampling; by contrast, this could be attributed to the
improved performance of assays that necessitate a smaller
sample volume for quantification.32 Because the use of
residual material reduces the required volume of biological
fluids and an additional invasive procedure, this sustainable
approach can also be of added value in other patient
groups.

TABLE 1. Characteristics of Included Studies Investigating Scavenged sampling

Author Year Objective Drug Drug Class Age
Samples (%
Scavenged)

Wade14 2008 Development of a popPK
model

Fluconazole Antimycotic PNA 16 (1–88) d 357 (39)

Cohen-
Wolkowiez9

2012 Development of a popPK
model

Metronidazole Antimycotic GA ,26: 53 (7–97); GA
26–29: 32 (0–97); GA 30–

32: 33 (8–71) d

116 (90)

Cohen-
Wolkowiez15

2012 Development of a popPK
model

Piperacillin Antibiotic PNA 17 (1–77) d 211 (96)

Zhao16 2014 Development of a popPK
model and evaluation of a

dosing regimen

Ciprofloxacin Antibiotic PNA 27 (5–121) d 430 (38)

Leroux17 2015 Comparison of 3 popPK
models

Ciprofloxacin Antibiotic PNA 27 (5–121) d 430 (38)

Zhao18 2015 Evaluation of a popPK
model

Teicoplanin Antibiotic 8.1 (0.5–16.9) yr 143 (14)

Germovsek21 2016 Development and
evaluation of a popPK

model

Gentamicin Antibiotic PNA 6 (1–78) d 483 (53)

Leroux19 2016 Development of a popPK
model

Cefotaxime Antibiotic PNA 9.0 (0.0–69.0) d 185 (100)

Momper20 2016 Development of a popPK
model and creation of a

dosing regimen

Fluconazole Antimycotic PNA 23 (3–47) d 604 (61)

Chen23 2018 Evaluation of a dosing
regimen with a popPK

model and the penetration
of cefotaxime in
cerebrospinal fluid

Cefotaxime Antibiotic PNA 20 (3–88) d 97 (69)

Dallefeld22 2018 Development of a popPK
model

Amiodarone Antiarrhythmic PNA 40.0 (20.0–171.0) d 315 (22)

Dong24 2018 Evaluation of a popPK
model

Ganciclovir Antiviral PNA 20.0 (3.0–70.0) d 51 (100)

Hahn25 2019 Demonstration of the
influence of genotype on
the PK of morphine

Morphine (+genotyping) Opioid PNA 14 (1–212) d 85 (100)

Tang26 2019 Development of a popPK
model and creation of a

dosing regimen

Amoxicillin Antibiotic PNA 7.0 (1.0–37.0) d 224 (100)

Shi30 2020 Development of a popPK
model and creation of a

dosing regimen

Cefoperazone Antibiotic 4.9 (2–10.8) yr NA (99 pts) (100)

Tang-
Girdwood29

2020 Demonstration of feasibility
scavenged samples in a

popPK model

Cefepime, meropenem, and
piperacillin

Antibiotic 12.7 6 8.3 (SD) yr 138 (100)

Wang31 2020 Development of a popPK
model and creation of a

dosing regimen

Ceftriaxone Antibiotic 0.94 (0.10–1.99) yr 169 (100)

Wu27 2020 Development of a popPK
model and creation of a

dosing regimen

Amoxicillin Antibiotic 1.0 (0.09–2.0) yr 62

Zhao28 2020 Development of a popPK
model and creation of a

dosing regimen

Cefepime Antibiotic PNA 8 (1–25) d 100
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TABLE 2. Outcomes and Limitations of Included Studies Investigating Scavenged sampling

Author Year Drug Outcomes
Limitations Identified by the

Authors

Wade14 2008 Fluconazole Identical concentrations in PK
samples are observed in scavenged

samples

Minimal bias introduced and slight
underestimation of concentrations.

Cohen-Wolkowiez9 2012 Metronidazole Lower concentrations of 30% (CI:
10%–42%) are observed with

scavenged samples

Bias introduced and underestimation
of concentrations. Higher variability
because of higher documentation
errors in relation to sampling or
dosing times and storage and

handling.

Cohen-Wolkowiez15 2012 Piperacillin Scavenged samples had a 2210-fold
lower concentration; therefore, it is
not useful for unstable drugs without

rigorous measurements.

Higher variability because of higher
documentation errors in relation to
sampling or dosing times and storage

and handling.

Zhao16 2014 Ciprofloxacin A popPK model and a dosing
regimen of ciprofloxacin is

established with scavenged samples

No limitations regarding scavenging
methods.

Leroux17 2015 Ciprofloxacin A popPK model and a dosing
regimen is established with

scavenged samples

Evaluation of density of sampling and
drug stability.

Zhao18 2015 Teicoplanin A popPK model for teicoplanin is
developed with scavenged samples

No limitations regarding scavenging
methods.

Germovsek21 2016 Gentamicin With the use of mechanistic
covariates, the predictions of
gentamicin were unbiased

Effects of scavenging and time
registration on sampling not

evaluated.

Leroux19 2016 Cefotaxime A popPK model and a dosing
regimen for cefotaxime is established

with scavenged samples

Introduced under prediction of
variability.

Momper20 2016 Fluconazole PK parameter estimates were not
biased, and visual predictive check

demonstrated adequate
concentrations with scavenged

samples

No limitations regarding scavenging
methods.

Chen23 2018 Cefotaxime Studying antimicrobials in CSF is
promising with scavenged samples

No limitations regarding scavenging
methods.

Dallefeld22 2018 Amiodarone Scavenged material is an efficient
way to develop a popPK model

No limitations regarding scavenging
methods.

Dong24 2018 Ganciclovir Ganciclovir dosage individualization
with scavenged samples is a suitable

clinical method

No evaluation of scavenging was
performed.

Hahn25 2019 Morphine (+genotyping) The influence of genotyping on the
PK of morphine is demonstrated with

scavenged samples

No limitations regarding scavenging
methods.

Tang26 2019 Amoxicillin A dosing regimen for amoxicillin is
established with scavenged samples

No limitations regarding scavenging
methods.

Shi30 2020 Cefoperazone A dosing regimen for cefoperazone is
established with scavenged samples

No limitations regarding scavenging
methods.

Tang-Girdwood29 2020 Cefepime, meropenem, and
piperacillin

Scavenged sampling is feasible to
examine the variability of drug
concentrations for future drug

monitoring

Potential for low residual blood
volumes. Unknown effect of storage
and handling on the stability of the

quantified drug.

Wang31 2020 Ceftriaxone A dosing regimen for ceftriaxone is
established with scavenged samples

No limitations regarding scavenging
methods.

Wu27 2020 Amoxicillin A dosing regimen for amoxicillin is
established with scavenged samples

No limitations regarding scavenging
methods.

Zhao28 2020 Cefepime A dosing regimen for cefepime is
established with scavenged samples

No limitations regarding scavenging
methods.

CI, confidence interval; PK, pharcokinetic. CSF, cerebrospinal fluid.
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Several bridging studies have compared the statisti-
cal performance of using scavenged versus scheduled
sampling. Scavenged sampling has proven to be an
efficient strategy to collect data for developing popPK
models. In addition, numerous studies have proposed
adapted dosing regimens without any limitations regarding
the scavenged sampling strategy.16,18,20–22 Moreover,
some studies only used scavenged samples and concluded
that the strategy was suitable for establishing popPK mod-
els (Table 2).19,24–28,30,31

Wade et al (2008) first mentioned scavenged sampling
while developing a popPK model for fluconazole in young
infants.14 Paired samples presented nearly identical concen-
trations when comparing plots for observed versus predicted
concentrations. The investigators concluded that scavenged
sampling introduced a minimal bias of 4% (95% confidence
interval [CI] [211%–2%]) and slightly underestimated the
concentrations of fluconazole.14 Two studies by the same
research group developed popPK models for metronidazole
and piperacillin.9,15 Evaluation of the bias introduced in the

FIGURE 2. Flowchart of the selection process.
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final popPK model by scavenged metronidazole samples
demonstrated a 30% (95% CI: 10%–42%) underestimation
of metronidazole concentrations. The authors concluded that
scavenging is a viable sampling strategy to describe metroni-
dazole PK parameters; however, a larger number of samples
should be collected to precisely estimate the amount of bias
introduced by scavenged samples. In addition, patients dis-
played a 2210-fold lower piperacillin concentration in
observed nonpaired scavenged samples when compared with
previously conducted research, possibly because of scaveng-
ing.15,33,34 Leroux et al (2015) compared 3 different cipro-
floxacin popPK models based on their sampling strategy,
either based on scavenged samples leftover from routine bio-
chemical testing, scheduled samples, or on a mix of both
sample types.17 Clinical applicability of scavenged sampling
was confirmed because the results demonstrated similar pre-
dictive performance between models.17

Clinical Accessibility of Scavenged Sampling
For most hospitalized patients, an abundance of bio-

logical material is retrieved through the standard of care,
leaving the residual material unused. To successfully imple-
ment and accept scavenged sampling, we propose a workflow
that illustrates the relevant phases (Fig. 3). First, the applica-
bility of the strategy in specific research or clinical settings
has to be determined. Multiple populations (eg, children,
elderly, pregnant, and critically ill) may benefit from scav-
enged sampling. However, limited data are available regard-
ing the application of this strategy in the adult population. Irie
et al (2021) performed a PK study of favipiravir in patients
with coronavirus disease 2019 (COVID-19) using stored
residual serum samples from routine clinical practice.35

Furthermore, various blood compounds of interest (drug, bio-
marker, and genetic material) may benefit from the scaveng-
ing strategy. Moreover, biomarker-guided strategies are of
growing interest because of personalized treatment optimiza-
tion for efficacy, toxicity, and antibiotic resistance risk.36 For

the additional quantification of compounds of interest, scav-
enged sampling induces no additional burden on the patient.

Second, method validation is essential for the legitimate
application of quantification techniques. This process starts with
microsampling assay development, if not yet available. Head-to-
head method comparison studies are required to validate the
technique by comparing samples obtained by scavenging with the
standard of care. Publication of information through open science
principles may provide the foundation for the broader implemen-
tation of scavenged sampling by other research groups.

The third phase concerns the practical realization of
scavenged sampling. The logistics operation required for the
implementation of this strategy must overcome several
challenges. First, it is crucial to identify possible barriers
and hurdles by auditing current and future processes. Second,
through educational meetings and presentations, personnel
can be trained to assimilate the importance of the strategy and
procedures required to gather the residual material. Third,
clinical visibility and accessibility are important for imple-
menting scavenged sampling in practice. Essentially, all 3
phases (applicability, validation, and realization) should
facilitate a sustainable mindset in clinical care and research
for patient burden, the way blood samples are obtained, and
the sustainable handling of materials.

GAP ANALYSIS
The workflow of scavenged sampling can be divided

into 4 main steps: sampling, registration, storage, and analysis
of the sample material. Figure 4 shows an infrastructural
workflow for scavenged sampling with key benefits, pitfalls,
and opportunities indicated at different steps. In addition to
the benefits of scavenged sampling, several challenges arise
when using this strategy, as illustrated by the limitations ad-
dressed in the included reports (Table 2). Multiple studies
have reported errors in the estimation of drug concentrations
in scavenged samples.9,4,15 This is most likely because of the

FIGURE 3. Schematic framework for implementation of innovative scavenged sampling strategy.
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higher incidence of documentation errors of sampling and
dosing times, improper storage and handling conditions
before laboratory procedures, and model misspecifications.
Model misspecifications emerge owing to the incorporation
of biased coefficients and biased parameter estimations. In
addition, it is important to consider the preanalytical stability
of certain drugs because specific measures may be required
during storage and handling procedures.15 Multiple freeze–
thaw cycles owing to handling procedures may compromise
the compound integrity because of sample degradation and/or
precipitation.37 Most studies do not elaborate logistic proce-
dures for scavenged sampling (eg, materials and validation).
Greater transparency and a detailed definition of handling
would improve the infrastructure for the scavenged sampling
approach.

Traditionally, blood is collected in various sampling
tubes, such as ethylenediaminetetraacetic acid (EDTA) tubes
and heparinized tubes.9,14,15,29 Heparin is known to form
complexes with specific drugs and may complicate adequate
drug quantification. In addition, Tang-Girdwood et al demon-
strated a broad distribution of antibiotic-free concentrations,
particularly toward the end of the dosing intervals.29

However, the authors indicate that there are possibly multiple
factors contributing to the wide variability in free concentra-
tions, including pathophysiological changes because of criti-
cal illness and variable protein binding, as well as patient
factors.

Quantification of the unbound drug concentration
illustrates another challenge for drugs with a relatively high
plasma protein2bound fraction. Quantifying free (unbound)
drug concentrations demands a greater blood volume, poten-
tially complicating the use of scavenged sampling. Tang-
Girdwood et al reported a 10% occurrence of a low sample
blood volume for quantifying the concentration of beta-
lactam antibiotics.29 Typically, scavenged sample preparation

requires sample dilution to ensure sufficient volume for quan-
tification, thus elevating the lower limit of quantification with
a consequent increase in measurement error. Quantitative
techniques and materials (ie, syringes and containers)
urgently need a further decrease in the volume required for
the successful measurement of drugs and metabolites.
Improved sampling techniques, assays, tube types, and prim-
ing substances will lead to a reduction in infrastructural pit-
falls such as transportation, cooling requirements, material
deposition, and the accompanying reduction in costs and
footprint.38

Compared with adults, blood sampling in pediatric
patients is more challenging because of the increased impact
of blood draws on volume depletion and the invasive burden.
Pediatric blood sampling in clinical studies should not exceed
3% of the total blood volume during a 4-week period and
should not exceed 1% at any single time.39 Moreover, the
actual physical condition of the child (sleep/activity, severity
of anemia, and hemodynamic state) should permit blood sam-
pling. Nevertheless, the rapid maturation and ontogeny of the
smallest infants can only be described in a popPK model if
sufficient concentrations have been incorporated, which gen-
erally requires more samples than in older infants or adults.
Scavenged sampling techniques partially solve the previously
mentioned obstacles in pediatric PKPD research and routine
TDM because it makes the optimal use of all residual mate-
rials obtained through the standard of care. One opportunity
for scavenged sampling lies in applying this strategy in other
subpopulations, as mentioned previously.

By contrast, there are circumstances in which scav-
enged sampling is less applicable. First, the number of
scavenged samples must be sufficiently large to account for
the additional variability related to the scavenged sampling in
the data set; this especially applies to dispersed scavenged
time points added to an existing data set from the scheduled

FIGURE 4. Infrastructural workflow for scavenged sampling with key benefits (+), pitfalls (2), and opportunities (..) indicated at
different steps.
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sampling strategy. Second, the administrative and infrastruc-
tural procedures to record sampling times and ensure
adequate sample handling need to be reliable; otherwise, the
data cannot be used. Finally, drug stability plays a role when
considering scavenging. Drug precipitation and degradation
may occur if storage conditions are inadequate.

OUTLOOK
Scavenged sampling is a promising sustainable sam-

pling strategy that may have considerable implications for
routine TDM and PKPD research, as well as for monitoring
other biomarkers. This strategy has the potential to broaden
its scope further, bearing in mind that the technique can be
used for all drug measurements using all types of residual
material. In addition to scavenging blood samples to deter-
mine drug concentrations, alternative materials can be
scavenged, including urine, saliva, mucous tissue, and liquor.
This would enable the search for noninvasive or less-invasive
sample collections for TDM by quantifying paired samples
collected from different biological fluids from the same
patient at the same time point. Interestingly, a recent study
has explored the use of saliva for TDM by using popPK,
which resulted in observations comparable with plasma
TDM.40 This might even enable continuous measurement of
biomarkers or drugs with minimal burden. In principle, tissue
biopsies can be used as a scavenged material to determine
drug concentrations in tissues. However, this application is
beyond the scope of scavenged sampling because these types
of samples are unsuitable for routine drug monitoring.

In addition to TDM testing, scavenged sampling could
be used for other bioanalytical methods. For example,
pharmacogenomic information for patient characteristic iden-
tification is valuable for personalized treatment regimens,
particularly in oncology. However, the routine use of
pharmacogenomic biomarkers in clinical practice in other
therapeutic areas is currently sparse.41 For example, the influ-
ence of genetic variation (OCT1 ontogeny) on morphine
clearance has been investigated using scavenging strategies.25

Both drug level measurement and genetic testing were esti-
mated in scavenged samples to avoid the additional patient
burden.

The broad collection of residual material might con-
tribute to the evolution of “real-time” monitoring of small
molecules in clinical practice. Molecular measurements can
provide a perspective of the patients’ current health status (eg,
liver/kidney function) and aid in TDM.42 Through scavenged
sampling in patient populations that require multiple blood
withdrawals per day, delayed real-time monitoring is possible
through swift analysis of samples, thus providing 24/7 con-
tinuous monitoring of drug exposure. Moreover, this
approach with enriched data enables a more detailed descrip-
tion of each biomarker pattern in relation to disease progres-
sion, age, circadian rhythm, and organ function.
Consequently, this enhances the search for improved predic-
tive biomarkers for patient conditions. In infectious diseases,
biomarker monitoring is preferred because it provides infor-
mation on the onset of infection, and it may enable the eval-
uation of response to treatment using advanced prediction

models.43 Based on the timing and progression,
procalcitonin-guided antibiotic therapy could be used to de-
escalate antibiotic treatment in patients with sepsis and those
at high risk for severe bacterial sepsis or septic shock.44

Recently, Santa Cruz et al (2021) established a model in
which interleukin-6 was a greater predictor for developing
fatal acute respiratory syndrome coronavirus 2 pneumonia
than age and C-reactive protein.45 In addition, Kurul et al
reported that serum interleukin-6 and procalcitonin levels at
the time point of suspected late-onset neonatal sepsis offer
valuable information regarding sepsis severity and mortality
risk in infants born below 32 weeks of gestation, and these
were superior to C-reactive protein.46 Biomarkers have the
potential to more precisely and rationally guide individual
dose adjustments when included in the model-informed pre-
cision dosing framework.47

To stimulate samples that allow multidisciplinary
interchange, the centralization of biochemical laboratories in
hospitals would be the next rational step. Assays should be
developed to simultaneously quantify predefined combina-
tions of different compounds (drugs, biomarkers, and metab-
olites) during the same run. Automation of sample
registration and processing that connects diagnostic special-
ties improves efficiency, organization, standardization, qual-
ity, and safety of laboratory testing.48 However, higher costs,
space requirements, and procedural hurdles warrant precise
assessment before transition.

Finally, scavenged sampling reportedly reduces the
total obtained blood volume and the number of scheduled
sample draws from patients. Although scavenged sampling is
only applied in pediatric patients, multiple subpopulations
may benefit from this strategy. The included studies demon-
strated that scavenged sampling is a suitable and unique
strategy for TDM while considering infrastructural require-
ments. Given the burden and wasteful consequences of the
presently used TDM process and PKPD research, sustainable
sampling strategies are a promising approach to introduce a
green mindset in research and clinical practice. Sample
scavenging can be introduced in countless settings to do
more with less.
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