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ABSTRACT

Microsampling technologies are revolutionising bioanalysis by enabling minimally invasive, decentralized
sample collection, offering significant advantages over traditional methods in terms of patient compliance, cost-
effectiveness, and analytical efficiency. This review explores the latest advancements in microsampling devices,
including microfluidic and quantitative dried blood spot systems (mfDBS and gDBS, respectively), calibrated
capillary-based devices, volumetric absorptive microsampling (VAMS) technologies, microneedle-based micro-
sampling, radial-based DBS devices, membrane-based plasma separation technologies and vacuum-assisted blood
collection systems. By addressing pre-analytical variability, enhancing analyte stability, and supporting decen-
tralized workflows, these technologies align with modern and green analytical chemistry principles. The unique
capabilities of these emerging microsampling technologies and devices further demonstrate their transformative
potential. However, challenges remain, including haematocrit dependency for some parameters, user variability,
and standardisation across devices. This review highlights ongoing innovations and their implications for

expanding to high-quality bioanalytical testing.

1. Introduction

The field of bioanalysis is experiencing a paradigm shift driven by the
advent of microsampling technologies. Traditional sample collection
methods, such as venipuncture, present challenges including patient
discomfort, logistical complexity, and high costs, particularly in
decentralized or resource-limited settings. In contrast, microsampling
techniques offer innovative solutions that address these limitations
while enabling precise and efficient analysis of small-volume biological
samples [1,2].

It must be stressed that the advantages of microsampling over
traditional venipuncture are many and varied and easily justify the need
to change established protocols and the increased incurred expenses due
to device costs [3]. Dried microsampling in particular removes most
water content from biological fluids, thus making the resulting specimen
much more easily handled, shipped and stored, and reducing the time,
equipment and expenses associated with all these steps. For many ana-
lytes, stability is also greatly increased, even at room temperature (RT)
[4]. The minimal invasiveness of this sampling technique greatly im-
proves patient adherence and makes it much more widely and safely
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applicable than traditional sampling approaches, also opening the way
to self- and home-sampling [5]. Whether dried or wet, microsamples are
also much less hazardous for all people involved, and contamination or
infection concerns are much less impacting than with classical bio-
samples [6]. Obviously, dried microsamples are even safer than wet ones
in this respect.

Another interesting feature of all microsampling techniques using
solid supports is that the support itself acts as an extraction means of
sorts, selectively retaining or freeing specific compounds from the bio-
logical matrix [7]. This makes the subsequent sample preparation step
much faster, easier and inexpensive, up to the point of making direct
instrument injection or direct introduction into the separa-
tive/analytical flow possible [8,9]. This point is hardly overestimated,
since high-throughput, robust sample preparation methods that produce
efficient and reproducible data are of paramount importance to any
omics application [10], indeed making them viable for widespread
application to the general population.

Microsampling devices have evolved significantly since the intro-
duction of dried blood spots (DBS) in the 1960s for neonatal screening.
Modern innovations include volumetric absorptive microsampling
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(VAMS), advanced DBS platforms (e.g. based on microfluidics and
capillary systems), membrane-based plasma separation and minimally
invasive fluid capillary blood collection technologies, each tailored to
specific applications and analytical needs. These devices are designed to
enhance user adherence, minimize pre-analytical variability, and sup-
port high-throughput and automated workflows [11], making them
invaluable, among the others, in therapeutic drug monitoring (TDM)
[12-14], epidemiological studies [6,15], drug discovery and develop-
ment [16], forensics [17] and anti-doping programs [18]. Most current
microsampling techniques have been designed from the start to be
useable by relatively inexperienced, untrained personnel, with the goal
of making self- and home-sampling viable alternatives to classical
venipuncture by medical staff at centralised healthcare facilities. This in
turn would make precision medicine one step closer to become reality.
Microsampling has the potential of allowing patients to undergo
frequent monitoring and diagnostic tests with reduced costs and
increased convenience, resulting in much higher adherence to treat-
ments [19].

The original DBS techniques suffered from intrinsic problems, such
as lack of volume repeatability, haematocrit effect, spot inhomogeneity
and high ratios of unsuccessful sampling, which for a long time hindered
their widespread adoption by laboratories, and confined them to use by
trained, professional personnel and in centralised healthcare locations
[20]. Sensitivity reduction in comparison to macroscopic biological fluid
samples was also a factor. Starting from the 2010s, together with huge
increases in analytical equipment performance leading to amazingly
increased sensitivity and selectivity, innovative approaches to micro-
sampling started to appear, which at first mostly tackled the main
problem of classical DBS, i.e., lack of volume repeatability [21]. This
was accomplished in several ways: for example, some novel techniques
retained the finger- or heel-prick mechanism along with the “classical”
cellulose card (either in full or as pre-cut fragments) but modified the
sampling mechanism to obtain volume accuracy and repeatability in
what is known as volumetric DBS (vDBS) approach. vDBS can be ob-
tained by interposing between the blood drop and the card a micro-
fluidic section (mfDBS: Hemaxis), sometimes in the form of metered
channels and dissolvable valves (qDBS: Capitainer B, B50, B Vanadate),
or else, calibrated capillaries (HemaPEN); or using calibrated radial
wedges (HemaSpot HF). VAMS went a step further, maintaining only the
prick mechanism but completely changing the sampling support from a
cellulose card to a calibrated polymeric tip [21]. Other approaches
dispense with a separated skin-prick moment and directly integrate
microneedles into the device for better patient comfort, obtaining either
fluid microsamples or dried blood samples on polymer (Tasso-M20).
Larger microsample volumes can be sampled from an upper arm lancet
prick by light vacuum (Tasso+) or from a finger-prick by
vacuum-assisted, powered devices (HAIIM).

Finally, direct plasma separation on the support brings the game to
another level altogether, since it tackles another known issue of blood
microsampling: i.e., the difficulty in comparing and using results ob-
tained from whole blood with those obtained from plasma [22].
Microsample plasma separation is usually achieved using a filtering
membrane incorporated into the sampling device (Capitainer SEP10,
Telimmune, Hemaspot SE).

As can be easily understood, such a wealth of options in micro-
sampling provides a wide range of choices that can be implemented,
accommodating different needs and according to diverse practical and
scientific reasons, to make sampling, sample preparation and analysis
ever more affordable, reliable, easier and greener [23].

This review examines these latest trends and developments in
microsampling technologies, focusing on their practical applications
and analytical performance, with some notes on their contributions to
analytical green chemistry (AGC), sometimes also referred to as green
analytical chemistry (GAC). By highlighting the strengths and limita-
tions of these approaches, we aim to provide a comprehensive overview
of their transformative role in modern bioanalysis.
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2. Microsampling techniques and applications
2.1. Microfluidic-generated dried blood spot (mfDBS) sampling

Microfluidic-generated dried blood spot (mfDBS) technology repre-
sents a significant innovation in the evolution of blood microsampling.
Introduced in 2016, mfDBS systems combine traditional DBS method-
ologies with microfluidic technology to overcome longstanding chal-
lenges such as volume inconsistency, spot inhomogeneity, and pre-
analytical variability. These systems employ calibrated microfluidic
channels to achieve precise volumetric sampling, enhancing the reli-
ability and reproducibility of DBS-based analyses [24-34] (Fig. 1).

The distinctive advantage of mfDBS devices lies in their ability to
produce uniformly sized and accurately measured blood spots, typically
around 10 pL per spot (e.g., for the Hemaxis device). This precision is
achieved through the integration of calibrated microchannels, which
ensure volumetric accuracy.

The applications of mfDBS are diverse, with therapeutic drug
monitoring (TDM) being a notable focus. Studies have demonstrated the
effectiveness of mfDBS in quantifying blood concentrations of drugs
such as aromatase inhibitors, cyclin-dependent kinase inhibitors, and
psychotropic agents. Despite the minute sample volume, these applica-
tions show robust analytical performance and maintain the sensitivity
needed for clinical relevance [25,26]. mfDBS has proven suitable for
measuring poly(ADP-ribose) polymerase (PARP) inhibitors used in
cancer treatments and trace elements such as copper and mercury. These
studies highlight its versatility across analyte types and concentration
ranges, particularly when coupled with high-performance techniques
like LC-MS/MS and graphite furnace atomic absorption spectrometry
(GFAAS) [28-30].

In epidemiological contexts, mfDBS technology has facilitated
decentralized blood collection and analysis. Its utility in detecting bio-
markers for diseases, such as SARS-CoV-2 antibodies, exemplifies its role
in pandemic management and other large-scale public health initiatives.
Integration with microfluidic nano-immunoassays has further enhanced
its analytical potential, ensuring high specificity and sensitivity even in
complex matrices [33,34]. mfDBS systems align closely with the prin-
ciples of AGC. By enabling low-volume sampling and minimizing waste,
these devices reduce the environmental impact of bioanalysis. Their
compact design eliminates the need for cold chain logistics and exten-
sive sample preparation, supporting sustainable practices in clinical and
research settings. High-throughput workflows are also supported,
allowing for efficient analysis of large sample cohorts without compro-
mising data quality [34].

Despite its advantages, mfDBS technology faces challenges that
require attention for broader adoption. The dependency on user training
to ensure proper sample application can lead to increased result vari-
ability, particularly in decentralized or home-based sampling scenarios
[24]. Additionally, non-volumetric haematocrit effects, which influence
analyte recovery and quantification, remain an area of active research.
Overcoming these limitations through device optimisation and stand-
ardisation is critical for achieving widespread clinical integration [27,
28,32]. Future developments in mfDBS technology will likely focus on
expanding analytical compatibility and improving automation to reduce
operator intervention and variability. Enhancing the robustness of these
devices for diverse applications, such as point-of-care testing and
personalized medicine, will further solidify their role in bioanalysis
[29].

By addressing the limitations of traditional DBS methods, mfDBS has
established itself as a transformative tool in modern bioanalysis. Its
versatility, sustainability, and analytical precision underscore its pivotal
role in advancing microsampling practices across various fields.

Table 1 summarises a selection of representative studies involving
microfluidic-generated dried blood spot (mfDBS) sampling.
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Fig. 1. Example of device for the production of volumetric dried blood spots by microfluidics (mfDBS): the HemaXis DB10. Appearance of the device (a) before use;
(b) after application of one blood drop to each of the four device inlets; (c) after the formation of four 10-uL DBS. Adapted from [31]. Used with permission.

Table 1
Summary of selected studies involving microfluidic-generated dried blood spot (mfDBS) sampling.
Target analyte(s) Microsampling Sample type  Sample Sample treatment Instrumental Sensitivity Precision  Accuracy Reference
technology volume setup
Letrozole, HemaXis DB10 Volumetric 10 L Rehydration, P/P, LC-MS/MS LOQ: 6-120 ng/ % 93-104 % [25]
palbociclib, DBS centrifugation, mL CvV<i12.2
ribociclib, dilution
abemaciclib
Clozapine and HemaXis DB10 Volumetric 10 L UAE HPLC-ED LOQ: 3 ng/mL % 89-109 % [27]
metabolites DBS RSD<5.6
Hg HemaXis DB10 Volumetric 10 pL None AAS 8.7 ng/mL %RSD: NR [31]
DBS 2.4
SARS-CoV-2 Spike HemaXis DB10 Volumetric 10 L Manual and Nano- Clinical NR 94% (manual), [33]
1gG DBS automated immunoassay sensitivity: 83 % 98 %
extraction, (manual), 97 % (automated)
incubation (automated)
Phenylalanine, HemaXis DB10 Volumetric 10 pL Extraction, dilution ~ FIA-MS/MS NR % -5.1 % bias [34]
tyrosine DBS RSD<4.1 with respect to
fluid blood

NR: not reported.

2.2. Quantitative dried blood spot (qDBS) sampling

Quantitative dried blood spot (qDBS) technology, particularly the
Capitainer® cards, has redefined the possibilities of microsampling by
addressing key challenges in traditional blood sample collection.

Designed for accuracy, precision, and ease of use, qDBS devices enable
the consistent collection of small, defined volumes of blood, making
them indispensable tools in modern bioanalysis. Among the leading
models are Capitainer B, B Vanadate and B 50 (Fig. 2), each tailored to
meet specific analytical and clinical needs [2,4,7,24,34-55]. The same
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Fig. 2. Appearance and legend of the main functions of (a) Capitainer B, (b) Capitainer B 50 and (c) Capitainer SEP10 devices. Appearance of the Capitainer B
Vanadate is identical to that of Capitainer B, except the cover label text. Adapted from https://capitainer.com/instructions-downloads/.

manufacturer also produces a device for volumetric plasma collection,
the Capitainer SEP10 (Fig. 2c); although this latter device could be
appropriately included within Section “2.7. Membrane-based volu-
metric plasma generation technologies”, it is described here for
simplicity and due to the common source and (outward) similarity with
other Capitainer devices.

Capitainer B is the foundational model and represents the core of
gDBS innovation. It uses an advanced microfluidic channel system to

accurately collect 10 uL of blood from a single drop. A two-step valve
mechanism ensures the prevention of overfilling while providing visual
feedback to confirm proper usage. This feature simplifies the process for
both professional and non-professional users, making it one of the most
attractive choices in decentralized settings [34-36]. The B Vanadate
variant modifies this model by integrating into the card a phospholipase
D inhibitor to stabilize phosphatidylethanol (PEth), a key biomarker in
ethanol consumption studies. This modification ensures sample integrity
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during storage and handling, addressing a critical gap in biomarker
analysis [38,39].

The Capitainer B 50 model expands the scope of qDBS by offering a
larger sampling volume of 50 pL, suitable for workflows requiring higher
amounts of analyte. This design is particularly advantageous for appli-
cations demanding increased sensitivity or broader analyte detection
ranges. The SEP10 model further extends the utility of gDBS by incor-
porating a plasma separation mechanism by membrane filtration,
enabling workflows focused on plasma-based assays while maintaining
the benefits of volumetric accuracy (producing accurate 10-uL dried
plasma spots, DPS) [40].

The qDBS technology has many applications. In therapeutic drug
monitoring (TDM), qDBS facilitates the precise analysis of immuno-
suppressants, ceftazidime, and various antibiotics, ensuring that drug
levels are maintained within therapeutic ranges [45-49]. Biomarker
studies, including those determining glycated haemoglobin (HbAlc),
ceramides, and isoprostanoids, have demonstrated the utility of gDBS in
monitoring metabolic health and disease progression [36,42-44].
Toxicological applications further highlight the flexibility of gDBS, with
studies detecting recreational drugs such as cocaine and nitazenes,
providing critical insights into substance use and abuse [51-53].

Beyond traditional blood analysis, the qDBS technology has been
adapted for alternative sample types. Capitainer B has been repurposed
for dried urine and faecal spot sampling, enabling measurements of al-
bumin/creatinine ratios and bile acid profiling [31,54,55]. These ad-
aptations showcase the potential of qDBS to address non-invasive
diagnostic needs, expanding its role in personalized medicine and public
health research.

While Capitainer B remains the most extensively studied model, the
newer variants—Capitainer B 50 and SEP10 in particular—are rapidly
gaining recognition. Preliminary studies have highlighted their effec-
tiveness in anti-doping programs, where precise and reliable sampling is
paramount, and in advanced biomarker monitoring, where their
enhanced capabilities provide critical advantages [41]. These de-
velopments position qDBS as a cornerstone of modern microsampling,
aligning seamlessly with the principles of AGC and the growing need for
decentralized healthcare solutions.

By combining user-friendly design, technological precision, and
wide-ranging adaptability, qDBS technology continues to drive inno-
vation in bioanalysis.

Table 2 summarises a selection of representative studies involving
gDBSsampling.

2.3. Calibrated capillary-based dried blood spot sampling

HemaPEN is a pen-shaped device allowing the accurate and precise
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collection of samples from a single drop of blood with little or no in-
fluence from haematocrit compared to classical DBS. Blood is collected
through four calibrated capillaries (2.74 uL each) and transferred onto
four DBS paper discs, where it can be safely stored for relatively long
times thanks to the presence of a desiccant within the device itself. The
latter can then be opened with a specially designed tool and the four
replicate samples removed (Fig. 3). Thus, HemaPEN has the big
advantage of producing four identical DBS from a single fingerprick, but
with the specular disadvantage of obtaining lower-volume DBS than
other vDBS devices. The sampling procedure is generally considered
quite simple (hold the device like a pen and touch a blood drop from a
fingerprick), easily doable by patients at home.

The practical applications of HemaPEN are extensive and diverse
[56-67]. TDM of several drug classes has emerged as a fruitful field of
application. For instance, HemaPEN has been utilized for TDM of osi-
mertinib and its metabolites (AZ5104 and AZ7550), where sample
preparation involved protein precipitation (PPP) with acetonitrile and
centrifugation, followed by dilution. Similarly, it has been applied to
tacrolimus TDM, comparing manual and automated extraction pro-
tocols. HemaPEN was also evaluated alongside VAMS for the radio-
contrast agent iohexol, showcasing comparable reliability. Preparation
protocols included solvent extraction, phospholipid removal, and
redissolution [61-63].

Forensic and toxicological applications have also expanded with
HemaPEN’s integration into workflows. For instance, the determination
of cocaine and its metabolites demonstrated satisfactory haematocrit
independence for both volume and final results [64]. Advanced studies
included analysing 75 different per- and poly-fluoroalkyl substances
(PFAS) using LC-MS/MS after sample preparation by a combination of
PPP with filtration [65]. Additionally, the potential for drug detection
and metabolomics in remote or challenging settings highlights the
applicability of this method in forensic and clinical toxicology.

In targeted lipidomics, HemaPEN has facilitated in-field sampling
scenarios, such as collecting blood from athletes on a track. Using
UHPLC-MS/MS, the analysis of arachidonic acid, lactic acid, and other
lipids proved unaffected by low sample volumes. Sample preparation
steps included solvent extraction and ultrasound-assisted extraction
(UAE). Additional studies on exercise-related metabolite changes
(including amino acids and creatinine) further validated HemaPEN’s
practicality and reliability in dynamic environments. Targeted lip-
idomics approaches have also been used to monitor dietary or physio-
logical interventions, showcasing the device’s flexibility across different
analytical contexts [59,60].

Clinical applications of HemaPEN have also advanced, including its
use for creatinine analysis via capillary electrophoresis (CE) coupled
with capacitively coupled contactless conductivity detection (C4D).

Table 2
Summary of selected studies involving quantitative dried blood spot (qDBS) sampling.
Target analyte(s) Microsampling Sample type  Sample Sample treatment Instrumental Sensitivity Precision Accuracy Reference
technology volume setup
rhEPO Capitainer B50 Volumetric 50 L Immunoaffinity SAR-PAGE, NR NR NR [41]
DBS purification Western blot
Isoprostanoids, Capitainer B Volumetric 13.5 uL Extraction, filtration, UHPLC-MS/ LOD: 15-20 %RSD up Bias<15 % [44]
prostanoids DBS evaporation, MS ng/mL to 20-25
reconstitution, %
microextraction by
packed sorbent (MEPS)
Immunosuppressants, Capitainer qDBS Volumetric 10 uL UAE, LLE, evaporation, LC-MS/MS LOQ: 1-20 % Bias<10 % [46]
creatinine DBS reconstitution, P/P, ng/mL, 15 Cv<15.9
centrifugation pmol/L
(creatinine)
Cocaine and Capitainer qDBS Volumetric 10 uL UAE, evaporation, UHPLC-MS LOQ: 2.5-7.5 % Bias<15 % [52]
metabolites DBS reconstitution ng/mL RSD<7.5
Nitazene analogs, Capitainer B Volumetric 10 pL UAE, evaporation, UHPLC-MS/ LOQ: 1 ng/mL % Bias<14.9 [53]
brorphine DBS reconstitution, MS CV<15.9 %

centrifugation

NR: not reported
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Fig. 3. Details of a HemaPEN device, including its capillaries and DBS generation process.: (a) intact, closed; (b) opened and disassembled; (c) in use, touching a
blood drop with the device tip; (d) capillaries filled with blood afterward; (e) the four DBS formed after transfer of blood from the capillaries, still in their dedicated

compartment. Adapted from [29] and [64]. Used with permission.

Researchers developed an automated workflow using unmodified CE
instrumentation for DBS preparation and extraction. Results highlighted
the method’s precision and potential for high-throughput settings.
Screening for lysosomal storage diseases using HemaPEN DBS also
yielded results comparable to classical DBS techniques, emphasizing the
feasibility of the method’s introduction into tried and tested diagnostic
workflows with minimal disruptions [66]. Furthermore, its integration
with enzymatic assays and ligand binding platforms has enabled
semi-quantitative analysis for various biomarkers, expanding its utility
in early diagnostics and routine monitoring [67].

Despite its advantages, challenges persist. Haematocrit effects,
although mitigated for sampling volume, can influence analyte recovery
in specific scenarios. User training is crucial to ensure proper sampling
and avoid undersampling. Reduced DBS volume can be challenging for
applications requiring high sensitivity. These limitations highlight areas
for further optimisation in device design and methodology. Future ad-
vancements may include the development of automated platforms to
streamline extraction and analysis, reducing user variability and
increasing throughput.

HemaPEN integration into workflows emphasizes precision and user-
friendliness, underscoring its pivotal role in advancing capillary-based

microsampling technologies.
Table 3 summarises a selection of representative studies involving
calibrated capillary-based dried blood spot sampling.

2.4. Volumetric absorptive microsampling

Volumetric absorptive microsampling (VAMS), introduced in 2014
through the Mitra device by Neoteryx (now Trajan), has become a
cornerstone in the field of microsampling. This technology employs a
calibrated porous polymeric tip, available in 10, 20, or 30 pL sizes, to
ensure precise and reproducible sample collection across biological
matrices (Fig. 4). Its simplicity and versatility have made it suitable for
diverse applications, including TDM, biomarker studies, and toxicolog-
ical analysis [4,27,31,46,53,54,68-122].

The design of VAMS integrates seamlessly with standard laboratory
workflows, resembling a pipette tip to facilitate high-throughput anal-
ysis using automated liquid handling platforms. Sampling is as simple as
touching the device to a liquid, allowing rapid absorption without
oversampling. This feature makes VAMS particularly appealing for
decentralized diagnostics, home-based sampling, and clinical trials
where accessibility and reliability are critical.
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Table 3
Summary of selected studies involving calibrated capillary-based dried blood spot sampling.
Target analyte(s) Microsampling Sample type ~ Sample Sample treatment Instrumental Sensitivity Precision Accuracy Reference
technology volume setup
Fluoxetine, HemaPEN Volumetric 2.74 uL UAE, LC-MS/MS LOQ: 5-7 %RSD<12 % 91-106% [57]
sertraline, and DBS centrifugation ng/mL
metabolites
Acetaminophen HemaPEN Volumetric 2.74 uL Extraction, P/P LC-MS/MS LOQ: 2 ug/ %CV<6.83 83.7-106.5 [58]
DBS mL %
Lipids HemaPEN Volumetric 2.74 uL Extraction UHPLC-MS/ NR Good NR [59]
DBS MS repeatability
based on
Westgard’s rules
PFAS HemaPEN Volumetric 2.74 uL Filtered P/P LC-MS/MS MRL: %RSD<15 NR [65]
DBS 0.05-0.34
ng/mL
Creatinine HemaPEN Volumetric 2.74 uL Manual and CE-C*D LOQ: 16.7 %RSD<7.2 NR [66]
DBS automated pmol/L

extraction and P/P

NR: not reported.

Table 4
Summarises a selection of representative studies involving VAMS. Table 4. Summary of selected studies involving volumetric absorptive microsampling (VAMS).
Target analyte(s) Microsampling Sample Sample Sample treatment Instrumental Sensitivity Precision Accuracy Reference
technology type volume setup
Cardiovascular Mitra Blood 10 pL UAE, evaporation, LC-HRAM MS LOQ: 0.1-50 %CV<9.2 Bias<5.2 % [74]
Drugs VAMS reconstitution ng/mL
Antidepressant Mitra Blood and 20 uL UAE, evaporation, HPLC-UV-FL LOQ: 1-10 % 86-94 % [75]1
drugs and oral fluid reconstitution, ng/mL RSD<8.9
metabolites VAMS MEPS
Trace elements Mitra Blood 30 pL Digestion, dilution ICP-MS/MS LOQ: 5 %CV<34 Negligible bias for [103]
VAMS nmol/L-8.6 Cu, Pb, Se and Zn;
umol/L up to 146 % bias for
Hg and As
Protein Mitra Blood 10 uL Automated LC-MS/MS NR %CV: Acceptable [110]
biomarkers VAMS extraction, 3.4-12.6 correlation with
incubation, plasma (average
digestion, dilution peptide abundance,
R: 0.8383)
Tryptophan Mitra Blood 10 uL UAE, centrifugation LC-MS/MS LOQ: 0.1-25 % 90-107 % [111]
related VAMS ng/mL RSD<9.6
biomarkers
rEPO Mitra Blood 20 pL Immunoaffinity SAR-PAGE, Compliant NR NR [114]
VAMS purification Western blot with WADA
MRPL
Drugs of abuse Mitra Blood 20 pL PALME, dilution UHPLC-MS/ LOQ: 1.0-5.0 %CV<26 Bias<11 % [116]
VAMS MS ng/mL
Cocaine and Mitra Blood and 20 pL UAE, DPX LC-MS/MS LOQ:1.0-2.5 % 93-104 % [117]
metabolites plasma ng/mL RSD<6.0
VAMS
Novel Mitra Blood 10 uL UAE, evaporation, UHPLC-MS LOQ: 10-50 % NR [118]
psychoactive VAMS reconstitution ng/mL RSD<10.8
substances
(NPS)
Anabolic Mitra Urine 30 pL Extraction, LC-MS/MS LOQ: 1.0-1.5 %RSD: 89-97 % [122]
androgenic VAMS evaporation, ng/mL 5.3-7.0
steroids reconstitution

NR: not reported.

Applications of VAMS span multiple domains. In TDV,, it has been
used to monitor CNS drugs, antidepressants, anticancer agents, cardio-
vascular drugs, and immunosuppressants, offering reliable data to
optimise patient treatment plans, including for drugs such as baricitinib,
mycophenolic acid, mitotane, sirolimus, voriconazole (plus metabolite),
giredestrant, paracetamol, meropenem, fosfomycin, emixustat, mid-
azolam, clozapine (plus metabolites), cariprazine and (Val)ganciclovir
[46,70,71-102]. In biomarker studies, VAMS has enabled the mea-
surement of inflammation markers, vitamin D levels, IGF-1, lipid pro-
files, circulating protein biomarkers, and tryptophan-related biomarkers
[106-112]. These capabilities contribute to a deeper understanding of
health and disease states. The technology has also been integral to
toxicological applications, supporting the detection of anabolic steroids,

recreational drugs, and trace elements such as lead and iron. Applica-
tions in this field also include monitoring novel psychoactive substances
(NPS) and conducting toxicological screenings [53,103-105,113-119].

Beyond blood sampling, VAMS has been adapted to alternative
biological matrices, including urine and saliva, demonstrating its utility
in non-invasive diagnostics. For example, urine has been analysed for
biomarkers and drug residues, including clenbuterol, endogenous uri-
nary metabolites, anabolic androgenic steroids, and peptide hormones
and growth factors, while oral fluid has facilitated antidepressant drug
monitoring [27,31,54,75,120-122]. These applications are particularly
beneficial in paediatric and geriatric populations, where traditional
sampling methods may be less feasible.

Despite its strengths, VAMS is not without challenges. Haematocrit
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Fig. 4. Characteristics of VAMS microsampling devices and operation: (a) different sizes of the device tip; (b) sampling with free-standing devices and (c) with
devices within a handheld storage clamshell; (d) sampled blood VAMS within an open and a closed clamshell. Adapted from https://www.neoteryx.com/.

bias, where variations in red blood cell concentrations impact analyte
recovery, has been noted in certain applications. Studies continue to
address this limitation, aiming to refine methodologies for consistent
performance across different sample types [27,29,34,71]. Nonetheless,
VAMS remains a benchmark technology in microsampling due to its
balance of technical robustness and user-friendly design. Its reliability,
adaptability, and alignment with sustainable practices ensure its rele-
vance in clinical diagnostics, research, and public health initiatives.

2.5. Microneedle-based blood microsampling

Microneedle-based blood microsampling is a pivotal advancement in
decentralized diagnostics, combining patient-centric designs with
robust analytical capabilities. The TASSO series, including the TASSO-
M20, TASSO+, and TASSO-SST, exemplifies this innovation by offer-
ing devices optimised for diverse diagnostic needs (Fig. 5). For the lower
volume versions, the Tasso technology uses multiple microneedles ar-
ranged in a circular shape, and this seems to make blood sampling even
less discomforting than for other microsampling techniques [1,71,95,
114,123-164]; the larger volume microsamplers use a normal lancet. In
any case, the device is applied to the upper arm instead of the fingertip.

A similar microneedle approach has been applied with the devel-
opment of TAP (Touch-Activated Phlebotomy) devices from yourbio™
(YourBio Health, Inc.) [165] and RedDrop ONE devices from RedDrop
Dx [166].

The TASSO-M20 is optimised for dried blood workflows, collecting
80 pL of capillary blood and dividing them into four 17.5 pL aliquots on
polymeric tips (rather similar in appearance to VAMS tips). Its high
adherence rates (95 % in longitudinal studies) have been demonstrated
in haematocrit and reticulocyte monitoring over six weeks, with par-
ticipants praising its minimal invasiveness and intuitive operation
[123-125]. Similarly, in anti-doping programs, athletes achieved
weekly sampling without schedule disruptions, highlighting the device’s
ease of use compared to traditional venipuncture [124,126,127].

The TASSO+ extends usability to broader contexts, including at-
home blood collection for pharmacokinetics, by collecting variable
amounts of fluid blood in standard collection tubes, without drying it on

a support. In a study involving 120 participants, it achieved a 98 %
success rate for decentralized sampling [1]. Feedback emphasized its
straightforward instructions and painless operation, making it suitable
for decentralized clinical trials and population health studies. In rural
health surveys involving 300 participants, the device maintained over
90 % adherence, demonstrating its adaptability to low-resource envi-
ronments [128,129].

The TASSO-SST (not yet available on the market), with its integrated
plasma separation feature, will further support workflows requiring
comparability/compatibility with standard plasma analyses. This device
reduces pre-analytical variability by enabling high-quality plasma
sample collection without the need for centrifugation. It has proven
effective in biomarker studies for inflammation (e.g., CRP, IL-6, ferritin),
achieving reproducibility (CV < 5 %) and strong correlation with venous
samples (R?> > 0.9) [130,131]. The device also simplifies pharmacoki-
netic studies, maintaining sample stability for drugs such as gefapixant
and abrocitinib during ambient storage [132,133].

The analytical performance of TASSO devices has been rigorously
validated across applications. The TASSO-M20 demonstrates excellent
correlation (R* > 0.95) with venous samples for haematological bio-
markers like haematocrit and reticulocyte percentages [71,124]. In
anti-doping, it has shown suitability for detecting human growth hor-
mone (hGH) isoforms, aligning with WADA-approved methodologies
[124,134]. The TASSO-SST consistently achieves recovery rates
exceeding 95 % for testosterone, cortisol, and other biomarkers, meeting
FDA bioanalytical standards [132,133]. In infectious disease di-
agnostics, the TASSO-M20 preserves RNA stability for four weeks under
ambient conditions, enabling decentralized HIV monitoring [135-137].
It also supports antibody detection in SARS-CoV-2 serological studies,
achieving concordance coefficients above 0.95 with venous samples
[128,138].

Sustainability is an intrinsic feature of the TASSO series, just like for
the other microsampling techniques described herein. By eliminating
cold chain logistics and minimizing consumable waste, these devices
align with AGC principles, and a few studies are now starting to appear,
where this aspect has been carefully evaluated. In one field study,
TASSO-M20 reduced transport costs and emissions by 40 % compared to


https://www.neoteryx.com/

M. Protti et al.

Advances in Sample Preparation 13 (2025) 100161

Fig. 5. Design of the Tasso microsampling devices: (a) Tasso+, (b) Tasso-SST and (c) Tasso-M20. Panel (d) reports details on Tasso-M20: button-activated lancet and
sample cartridge (left) and sample cartridge after filling with whole blood (right). Adapted from [133,137] and [156] . Used with permission.

traditional venous sampling [126,139]. The TASSO-M20 has demon-
strated to retain analyte integrity for six weeks at RT in a few long-term
storage and large-scale epidemiological initiatives [129,140]. The
TASSO-SST similarly maintains sample stability for plasma biomarkers
during transport, addressing logistical challenges in remote settings
[130-133].

TASSO devices have demonstrated adaptability across diverse ap-
plications. In anti-doping programs, the TASSO-M20 enabled longitu-
dinal haematological monitoring with compliance rates exceeding 95 %,
providing strong correlation with venous samples (R > 0.95) [124,126,
141]. The TASSO-SST has been validated for multi-biomarker pharma-
cokinetic studies, enabling the simultaneous analysis of inflammatory,
steroidal, and metabolic markers with high precision [139,142]. For
infectious disease diagnostics, the TASSO+ preserves HIV RNA and
SARS-CoV-2 antibodies for decentralized monitoring [135,136,143].
The devices’ performance in chronic disease management, environ-
mental sustainability, and field-based applications reinforces their
transformative role in modern diagnostics.

The TAP device has been applied to blood analysis in different fields,
ranging from toxicological (heavy metals [167]), omics (proteomics
[168,169], metabolomics and lipidomics [170,171]) and biomarker
assays (carcinoembryonic antigen [172], autoantibodies [156]) to
anti-doping testing (low molecular mass peptide and non-peptide
doping agents [173]).

On the other hand, to the best of our knowledge, only one scientific
paper has been published until now on the use of the RedDrop ONE

device, regarding the determination of the Athlete’s Biological Passport
(ABP) haematological module parameters [152]. The authors compared
the performance of RedDRop ONE with that of Tasso+ and found both
suitable for the purpose.

Table 5 summarises a selection of representative studies involving
microneedle-based blood microsampling.

2.6. Radial-based multisampling DBS technologies

Radial-based multisampling DBS technologies, exemplified by
Hemaspot devices, provide innovative solutions for DBS sampling.
Distinguished by their unique radial design, these devices feature
segmented, petal-like wedges that allow each segment to serve as an
independent replicate for analytical workflows (Fig. 6). This design
mitigates issues such as uneven spot distribution and intra-sample
variability, common in traditional DBS cards. With a collection vol-
ume of 20-50 pL per petal, Hemaspot devices enable precise and effi-
cient use of limited blood samples. Certain models are equipped for
plasma separation, catering to applications requiring analyte-specific
assays. These features make Hemaspot ideal for use in remote di-
agnostics, TDM and epidemiological studies [174-190].

Hemaspot devices are tailored for simplicity and user comfort, pro-
moting decentralized blood sampling. Blood from a fingerprick is
applied to the device’s central collection point and then diffuses evenly
across radial segments. This self-contained system ensures even sample
distribution across the wedges, reducing spot variability and enhancing
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Table 5
Summary of selected studies involving microneedle-based blood microsampling.
Target analyte(s) Microsampling Sample Sample Sample Instrumental setup Sensitivity Precision  Accuracy Reference
technology type volume treatment
Athlete Biological Tasso+ Capillary 500 pL None Automated NR NR Good correlation [140]
Passport blood hematology with venous
parameters analyser samples (R? >
0.94)
Autoantibodies, C- Tasso+ Serum from Mean serum Serum Immunoassay NR NR 94.7 % [156]
reactive protein capillary volume: 287  separation concordance
blood uL with classic
venous samples
Tacrolimus, Tasso-M20 Pooled 20 pL Bead-based LC-MS/MS LOQ: 1 ng/ %CV %RE<11.5 [157]
mycophenolic whole impact- mL <9.7
acid blood assisted
extraction
Cytomegalovirus Tasso+ Plasma ~500 pL Plasma qPCR 50 IU/mL NR High correlation [161]
DNAemia from whole blood  separation with venous
capillary samples (R? =
blood 0.99)
Endogenous Tasso SST Serum from 100/200 pL Serum LC-MS/MS (steroid  LOQ: 0.1 NR Good correlation [164]
steroids, capillary serum separation, analysis), ng/mL with venous
luteinizing blood (steroid/LH LC-MS immunoassay (LH (steroids) samples
hormone analysis) analysis analysis) (R%>0.96)

NR: not reported.

replicability. Notably, Hemaspot systems have been effectively deployed
in low-resource settings, such as rural epidemiological studies, where
conventional sampling methods would be logistically prohibitive. In
these trials, participants consistently reported ease of use, with over 95
% of individuals indicating satisfaction with the process. The devices
required minimal training, enabling self-collection or low-supervision
sampling [175,177,178].

In TDM studies of antiretroviral drugs such as dolutegravir,
Hemaspot achieved recovery rates of 91-98 %, with inter-replicate
variability remaining below 5 %. Additionally, cytokine profiling
demonstrated intra-assay coefficients of variation (CVs) under 8 %,
illustrating robust performance in protein-based assays. Hemaspot's
compatibility with molecular diagnostics has also been demonstrated;
RNA extraction studies showed preserved integrity for up to 72 h at RT,
with detection rates of viral RNA comparable to venous plasma samples
(R? > 0.95). Such results confirm Hemaspot’s adaptability across a range
of analytes, from small molecules to nucleic acids [179-182].

Like for most other dried microsampling approaches, one of
Hemaspot’s critical strengths is its ability to maintain sample integrity
under diverse storage and transport conditions. Studies demonstrate
that analytes remain stable for up to four weeks at ambient tempera-
tures, with plasma-separated samples preserving stability for 14 days
without refrigeration. This robustness significantly reduces logistical
burdens in field studies and decentralized workflows by obviating the
need for cold-chain transport. For instance, HIV-1 viral load quantifi-
cation showed consistent results when samples were stored for three
weeks at fluctuating environmental conditions (25-40 °C). This feature
has been pivotal for epidemiological studies [175,183,184].

In TDM applications, over 90 % of antiretroviral drug measurements
correlated strongly with venous blood results (R > 0.98), demon-
strating suitability for monitoring medication adherence in HIV patients.
In SARS-CoV-2 studies, Hemaspot achieved sensitivity and specificity
rates of 96 % and 98 %, respectively, across multiple immunoassays,
making it a reliable option for seroprevalence and antibody detection
studies. Furthermore, hepatitis B and C diagnostics benefited from
Hemaspot’s capacity for high-throughput workflows, with an 89 %
diagnostic accuracy achieved across 200 samples. Cytokine profiling
studies revealed consistent and reproducible results for biomarkers of
immune response, such as IL-6 and TNF-a, making Hemaspot a versatile
tool for research into infectious and inflammatory diseases [178,179,
185,186].

Despite its many advantages, Hemaspot faces some limitations.
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Sample volume constraints can limit the number of analytes tested per
petal, particularly in plasma-separated configurations. Improper blood
application during self-collection may also lead to uneven distribution
across wedges, potentially compromising assay reliability. These chal-
lenges, however, are mitigated by clear user instructions and robust
training protocols. Anyway, the need for carefully optimised and
tailored workflows in high-throughput laboratory settings remains a
consideration for broader adoption [178,183,187].

Table 6 summarises a selection of representative studies involving
radial-based multisampling DBS.

2.7. Membrane-based volumetric plasma generation technologies

In addition to the already described Capitainer SEP10 (see Section
“2.2. Quantitative dried blood spot (qDBS) sampling”) and TASSO-SST
(see Section “2.5. Microneedle-based blood microsampling™) devices,
the most widespread technology in this space, representing a trans-
formative advancement in haematic matrix microsampling, is Telim-
mune plasma separation cards (formerly Noviplex). Designed to simplify
the process of plasma extraction from whole blood, these devices use a
specialized, proprietary hydrophilic membrane to isolate plasma
through capillary action and deposit it on pre-cut cards to form volu-
metrically accurate DPS (Fig. 7). This approach enables rapid and reli-
able separation of plasma without requiring centrifugation. However, it
should be noted that, in general, the exact composition of plasma/serum
obtained by any filtration membrane is not necessarily identical to that
of plasma/serum obtained by centrifugation/coagulation. For this
reason, concordance studies between “classical” plasma/serum results
and “membrane-based” plasma/serum results should always be carried
out before trying to achieve widespread application of this kind of
microsampling approaches (just like volume accuracy/precision studies
should always be carried out before extensively applying a specific
volumetric microsampling technique to a new biological matrix).

The compact and easy-to-use design minimizes sample handling er-
rors, ensuring consistent and high-quality plasma generation suitable for
a range of analytical workflows.

The technology requires at least 25 pL (Telimmune Uno) or 60 pL
(Telimmune Duo) of blood, achieving plasma separation in about 3 min
and producing one or two 3-uL vDPS per device [191,192]. This design
feature is particularly advantageous in applications requiring stringent
quality control, such as pharmacokinetic and biomarker studies.

The utility of Telimmune cards has been validated across various
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Fig. 6. Design of the HemaSpot microsampling device: (a) Self-contained device with wedge-shaped filter paper, built-in desiccant, and a plastic cover, (b) Sampled
HemaSpot with two wedges (sample replicates) torn off and (c) exploded view of the blood collection device showing fan-shaped collection support (in red). Once
blood has been applied through the hole in the application surface, the device is folded over and closed. Adapted from [182,184] and [185]. Used with permission.

Table 6
Summary of selected studies involving radial-based multisampling DBS sampling.
Target analyte(s) Microsampling Sample Sample Sample Instrumental Sensitivity Precision  Accuracy Reference
technology type volume treatment setup
Measles and Rubella IgG ~ HemaSpot-HF DBS ~150 uL Incubation, ELISA kit >98 % correct NR NR [180]
extraction identification
CYP3A4 and CYP1A2 HemaSpot Venous 50 pL Hydrolysis, LC-MS/MS LOQ:0.1-25ng/ CV<15% +20 % [181]
activity (caffeine, DBS incubation, mL
paraxanthine, extraction
midazolam OH-
midazolam)
HbAlc HemaSpot DBS 65-105 Hemolysis, HPLC NR NR Good correlation [182]
uL extraction with venous
samples (R*>0.97)
HIV-1 RNA HemaSpot-HF DBS NR Incubation, RT-PCR 832 copies/mL NR NR [183]
extraction
HIV-1 Viral Load HemaSpot-HF Venous ~140 pL Incubation, RT-PCR 1000 copies/mL NR 91.3 % correct [164,
DBS extraction 91.3% identification 190]
accuracy) (VL<1000 copies/
mL)

NR: not reported.
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Fig. 7. Design of the Telimmune (formerly Noviplex) card microsampling technology for in-situ, membrane-based plasma separation and volumetric dried plasma
spot collection, (a) front, (b) back and (c) and exploded view. Adapted from [191] and [193]. Used with permission.
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analytes, including small molecules, proteins, and other biomarkers.
Studies consistently demonstrate high concordance between plasma
generated via Telimmune cards and traditional venous plasma methods.
For instance, plasma extracted using Telimmune cards showed correla-
tion coefficients above 0.95 when compared with venous plasma for a
wide range of analytes, including therapeutic drugs and diagnostic
biomarkers [193]. The cards also exhibited strong agreement in tox-
icokinetic studies [194].

One study highlighted the utility of Telimmune cards in the analysis
of immunosuppressant drugs, where the cards facilitated reliable mea-
surement of tacrolimus and mycophenolic acid with inter-assay preci-
sion below 7 % and accuracy exceeding 95 % [192]. Additionally, in
infectious disease diagnostics, plasma generated via Telimmune cards
enabled sensitive and specific detection of viral antigens and antibodies
using ELISA platforms, with no significant differences observed between
microsampled plasma and venous plasma [194,195].

Telimmune plasma separation cards have gained recognition for
their robustness in field and decentralized settings. Their small size and
self-contained design allow them to be used at the point of care, elimi-
nating the need for bulky centrifugation equipment. Plasma generated
on-site can either be analysed immediately or stored for later analysis,
with studies confirming the stability of plasma and analytes under
diverse conditions. For example, plasma samples stored at RT for up to
48 h retained over 95 % of analyte stability, aligning with international
bioanalytical standards [191].

In resource-limited settings, the use of Telimmune cards has
streamlined sample collection and transportation. Plasma collected on
the cards demonstrated minimal degradation during transport, even
under non-ideal conditions. This capability is especially beneficial in
large-scale epidemiological studies and clinical trials, where logistical
simplicity is critical [195].

Despite their numerous advantages, Telimmune cards are not
without limitations. Relatively large volumes of blood are needed, and
inadequate filling can lead to inconsistent plasma yields or incomplete
separation. Additionally, while the cards are highly effective for most
applications, specific high-sensitivity assays or those requiring
extremely pure plasma may face limitations when using this technology.

Moreover, the cost-effectiveness of Telimmune cards relative to
traditional methods remains an area for further exploration. While they
reduce logistical costs by simplifying collection and transport, the per-
unit expense may impact their widespread adoption in low-resource
settings [196].

Table 7 summarises a selection of representative studies involving
membrane-based volumetric plasma generation.

Advances in Sample Preparation 13 (2025) 100161
2.8. Vacuume-assisted fingertip fluid blood collection

Vacuum-assisted blood collection technologies represent a novel
advancement in microsampling, designed to streamline and improve the
collection of fluid whole blood samples for laboratory and point-of-care
testing. The HAIIM device, developed by Winnoz, exemplifies this
approach by employing vacuum assistance to draw blood in a controlled
and minimally invasive manner (Fig. 8). This technology has gained
recognition for its potential applications in different settings, especially
in underserved communities where traditional phlebotomy methods
pose logistical and practical challenges and other common forms of
microsampling do not provide adequate sample volumes [197-199].

The HAIIM device operates on the principle of creating a controlled
vacuum to extract capillary blood from a small puncture site, typically
on the fingertip. By applying gentle suction, it ensures the collection of a
variable volume of blood into a sealed collection chamber. This
controlled approach minimizes haemolysis and reduces contamination
risks, resulting in high-quality samples suitable for a wide range of
diagnostic applications. The device supports the collection of up to 200
uL of blood in a single use, addressing the needs of various diagnostic
and analytical assays [197-199].

One of the most notable features of the HAIIM device is its ease of
use, allowing healthcare providers or patients to perform blood collec-
tion with minimal training. Its compact and portable nature makes it
ideal for use in home-based sampling and remote healthcare settings.
The minimally invasive nature of the device reduces pain and discomfort
during blood collection, thereby enhancing patient adherence
[197-199].

Winnoz has now established partnerships in different countries for
expanding and improving pharmacy services. For example, it collabo-
rates in Germany with Healyzer® to integrate Haiim into pharmacy IT
services and provide timely, convenient onsite testing as well as
subscription-based diagnostics; in Italy with diagnosti.care® to expand
the diagnostic capabilities of pharmacies; in Brazil with Labpoc® to
extend testing services to remote and rural areas; and in Slovakia for
liver cirrhosis prevention [200].

While specific clinical studies involving the HAIIM device as the
sampling approach are not yet detailed, the principles underlying its
operation suggest strong alignment with the growing demand for
patient-centric blood sampling technologies [197,199].

However, further validation studies are needed to establish its per-
formance across a broader range of diagnostic applications and to
compare its efficacy with other microsampling technologies. Such
research would provide valuable insights into its reliability, accuracy,
and overall utility in real-world healthcare settings [198,199].

The HAIIM device exemplifies the promise of vacuum-assisted blood

Table 7
Summary of selected studies involving membrane-based volumetric plasma generation.
Target analyte Microsampling Sample Sample Sample treatment Instrumental Sensitivity Precision Accuracy Reference
(s) technology type volume setup
Vitamin D Telimmune/ DPS 2.5 uL (from Extraction, LC-MS/MS ~400 pg/ %RSD<10 NRn [191]
metabolites Noviplex 25 uL whole derivatisation mL
blood)
Small molecule Telimmune/ DPS 1.5 mg (from Extraction, Paper spray NR NR -9-10 % [192]
drugs Noviplex 30 uL whole centrifugation MS deviation from
blood) fluid plasma
Giredestrant Telimmune/ DPS 3.8 uL (from Extraction, SLE, LC-MS/MS LOQ: 1 ng/ %RSD: 60.6-159.5 % [193]
Noviplex DUO ~70 L evaporation, mL 0.4-38.6
whole blood) reconstitution
Sulfur mustard- Telimmune/ DPS 2 x 3.8 L Extraction, LC-MS/MS LOD: 0.05 %RSD: NR [194]
albumin Noviplex DUO (from 100 uL proteolysis, P/P, pmol/L 1.7-5.0
adduct whole blood) evaporation,
reconstitution
Meropenem Telimmune/ DPS (from 2x ~3 uL Extraction LC-MS/MS LOQ: 0.5 %CV<8.7 91.5-103.9 % [195]
Noviplex DUO venous (from 40 pL ug/mL
blood) whole blood)

NR: not reported.
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Fig. 8. Setup and use of the Winnoz Haiim Vacuum-assisted fingertip fluid blood collection: (a) insertion of the disposable cassette into an anticoagulant-treated
microtube, (b) connection of the cassette to the main device and (c) process of fingertip fluid blood collection. Adapted from www.winnoz.com.

collection technologies in modern healthcare. As interest in decentral-
ized healthcare continues to grow, technologies like the HAIIM device
are likely to play a critical role in reshaping diagnostic practices and
expanding access to quality healthcare.

3. Conclusion

Microsampling technologies are reshaping the landscape of bio-
analysis, offering unprecedented opportunities for decentralized and
patient-centric testing. Device usability by patients has been a corner-
stone of modern microsampling design; although arguably these efforts
have achieved variable degrees of success, the final aim of making
precision, personalised medicine a concrete perspective is closer than
ever. Microsampling is inherently far easier and more feasible than
venipuncture, and regardless of the method, it is now clear that many
patients will soon be able to use the former to become independent from
healthcare facilities for the purposes of TDM or diagnostic testing.

Devices such as VAMS, advanced and volumetric DBS platforms,
membrane-based plasma separation and minimally invasive fluid
capillary blood collection technologies have demonstrated their utility
across diverse applications, from TDM to infectious disease diagnostics
and anti-doping programs. Their alignment with AGC principles further
underscores their relevance in sustainable bioanalysis. However, despite
this common feature, only generic AGC compliance is currently assured,
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since only a handful of specifically tailored, quantitative studies have
been carried out for this purpose. Thus, AGC score comparison among
microsampling techniques and applications is currently impossible and
this represents a possible critical area, open to significant advances and
refinements.

The availability of such a wide range of microsampling techniques
provides unprecedented flexibility and opportunities, enabling patients
and clinicians alike to choose the best approach based on personal and
community preferences, needs, perspectives and targets. Through these
technologies, the goal of generally applicable precision/personalised
medicine is becoming ever closer, year by year.

Despite these advancements, challenges such as haematocrit de-
pendency, user variability and standardisation persist, necessitating
ongoing research and development. As these technologies continue to
evolve, they hold the potential to democratize access to high-quality
analytical testing, particularly in remote and underserved settings.
However, for the very same reasons, to obtain a transformative effect on
a wide range of analytical applications for both clinical and non-clinical
purposes, these innovative microsampling techniques must first achieve
wide acknowledgement and adoption, which in turn can only be ob-
tained through consistently effected commercial availability, as well as
regulatory approval for the intended use, in most countries and regions.

Future efforts should focus on enhancing device reliability,
expanding analytical capabilities and achieving better integration of
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these tools into routine clinical and research workflows, as well as
rigorously evaluating and quantifying adherence to AGC principles. By
doing so, microsampling technologies will cement their position as
cornerstones of modern bioanalysis.
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