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ABSTRACT 

Micro sampling methods have really changed the game in bioanalysis. They let us grab tiny, 

exact amounts of body fluids with hardly any discomfort, making it all about the patient and 

saving resources Dried blood spots (DBS), volumetric absorptive micro sampling (VAMS), 

and Mitra devices are now key methods because they’re easy to use, stable, and work well 

with high-tech analysis. These methods cut down on the downsides of regular blood draws, 

like needing lots of blood, complicated storage, and moving it around DBS has been a game-

changer for newborn screenings, tracking infections, and studying how drugs move through 

the body, but it’s got some issues with blood cell counts and making sure the samples are 

consistent VAMS and Mitra devices make it easy to get consistent, accurate samples, cutting 

down on differences caused by hematocrit levels and spotting. These new improvements are 

boosting efficiency and precision, opening up more possibilities for using drugs in clinical 

settings, checking for toxins, and running trials from different locations. The COVID-19 

pandemic really showed us how much we need DBS, VAMS, and Mitra gadgets for people to 

do their health checks and keep an eye on their health from home, especially when we can’t 

move around much Even though there are hurdles such as keeping the analytes stable, 

making sure the process is consistent, and filling in the gaps in regulations, these issues are 

slowing down how widely clinical use is accepted. This review takes a deep dive into their 

technical principles, bioanalytical performance, applications, and key challenges, highlighting 

the innovations and regulatory strategies that are crucial for tapping into the full potential of 

micro sampling in personalized medicine, epidemiology, and ethical research. 

KEYWORDS: Micro sampling, Dried Blood Spots (DBS), volumetric absorptive micro 

sampling (VAMS), Bioanalysis, Mitra devices, Therapeutic drug monitoring 
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GRAPHICAL ABSTRACT 

 

1. INTRODUCTION 

The development of tiny bioanalysis tools has made it possible to gather tiny amounts 

of body fluids with just a few needles pricks Dried Blood Spots (DBS) and 

Volumetric Absorptive Micro sampling (VAMS) are two examples of miniaturized 

bioanalysis that represent many of the advantages of miniaturization over traditional 

venipuncture-based sampling methods. Another cool thing about VAMS is that it’s 

like a tiny version of Mitra devices, super handy for all sorts of medical research All 

three tech options cut down on how much sample we need, less storage and shipping, 

and patients are more likely to stick with it Plus, each of the three tech advancements 

will make it possible for people to do tests themselves or from afar, which is super 

important for checking newborns, keeping an eye on sickness spreading, and tracking 

health over time Despite all the perks, miniaturized bioanalysis still faces a few 

hurdles like making sure the sample is evenly mixed, dealing with the impact of blood 

thickness, getting consistent results across different labs using various tools, and 

getting the green light form regulatory bodies So, its super important that we keep 

pushing forward with miniaturized bioanalytical research to get the most dependable 

and consistent results [1-3].  

Dried blood spots are a key early and common technique for checking for metabolic 

issues, infections, drug levels, and how drugs work in the body Advances in robotics, 
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mass spectrometry, and extraction methods have boosted the dependability and speed 

of DBS Despite that, problems like differences in how much blood gets deposited and 

hematocrit biases still affect how accurate our measurements are Volumetric 

absorptive micro sampling tackles these issues by taking a set amount of blood no 

matter the hematocrit levels, which improves the consistency and precision of the 

results VAMS gear up the sampling game by cutting out the need for precise volume 

counts, so collecting and shipping samples is a breeze without worrying about 

keeping things cold [4,5].  

Mitra devices, which are a commercial spin-off of VAMS tech, have expanded the use 

of micro sampling by making it easier to collect precise and consistent amounts of 

blood with their polymer tips Using them in clinical trials, checking drug levels, and 

preclinical studies shows better accuracy and ease for patients During the COVID-19 

pandemic, these gadgets made it possible to do tests from home and by yourself, 

keeping health checks going even when we were stuck indoors However, challenges 

such as analyte stability, the validation of bioanalytical methods, and delays in 

regulatory guidance continue to pose barriers to widespread clinical adoption. [1-3].  

 

2. FUNDAMENTAL OF MICROSAMPLING IN BIOANALYSIS 

 

2.1 Overview  

Micro sampling in bioanalysis is all about taking tiny amounts of body fluids, usually 

less than half a teaspoon, to make it easier and less invasive for patients, but still keep 

the science solid This method covers three essential steps: before testing (getting and 

storing samples), during testing (measuring stuff), and after testing (checking results 

and making sense of them) Some of the main methods are dried blood spots, 

volumetric absorptive micro sampling, and similar tiny-sample gadgets. They all 

make it easier by needing less blood, keeping the stuff stable better, and making 

things less complicated than just drawing blood with a needle Micro sampling makes 

it easier to get health tests done remotely and by yourself, which is super important 

for keeping track of health over time and studying diseases But, the whole blood 

matrix, sample collection variations (like hematocrit impacts), and the differences in 

biological fluids make things tricky, needing careful validation and standardization 

Plus, micro sampling is a big plus for ethics because it cuts down on using animals by 

taking samples over and over in early-stage research New tech like mass spectrometry 

has made it easier to measure stuff accurately, even with tiny amounts Microsampling 

is a game-changer in bioanalysis, making it easier and more comfortable for patients, 

and it still gives us top-notch data for drug development and keeping an eye on 

clinical progress [2,6,7,8].  

2.2 Principles of dried matrix: microsample generation, storage and transport 

Dried matrix micro sampling is a big leap forward in the world of bioanalytical 

science. It’s all about grabbing and keeping tiny amounts of bodily fluids, like blood, 

in a dried-up form on something that soaks up the liquid This method basically 

depends on the idea that when you dry out a biological sample, it keeps the stuff your 
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looking at steady by cutting down on enzyme action, bacteria growth, and chemical 

breakdown that usually happens in wet biological samples [1,2].  

The drying process makes samples more stable, lets them be stored longer, and eases 

the need for keeping them super cold like with regular liquid samples Generating tiny 

samples from dried stuffs often uses techniques like dried blood spots, volumetric 

absorptive micro sampling, and some new polymer-tipped devices DBS takes a tiny 

bit of blood (usually 10-50 microliters) and puts it on filter paper. Then, it just sits 

there and dries out, making a solid base for testing [3]. VAMS takes DBS up a notch 

by sucking up a set amount of blood into a sponge-like tip, making sure the blood 

volume is spot on no matter how thick or thin the blood is, which is a big problem 

with DBS Mitra devices showcase this VAMS tech, offering an easy-to-use and 

consistent way to take volumetric samples [4]. 

The sample drying process not only keeps the analyte stable but also makes it safer 

and cheaper to move and store samples Dried samples can be sent out without 

worrying about cold storage, cutting down on the expenses and hassle of keeping 

them cool This attribute is critically advantageous for remote settings, decentralized 

clinical trials, and resource-limited environments, where cold chain infrastructure is 

lacking. Also, dried samples are small, need less safety measures when moving, and 

make it easier to store for future research But you got to keep a close eye on how you 

dry and store stuff, making sure the humidity and heat are just right to stop any 

damage to the analytes or mess with how well you extract them [7,8]. Plus, the sample 

matrix itself brings analytical challenges because it so varied The blood spots look, 

like how cells and stuff are spread out unevenly, can mess up how much of a 

substance we measure if we don’t take it into account This has spurred advancements 

in sample collection tech and analysis methods to cut down on matrix effects and 

boost accuracy in measurements When picking matrices for analysis, we consider the 

chemical makeup, stability, and sensitivity needed for the substance were looking at. 

Were also looking into using dried urine, saliva, and plasma microsamples [9]. When 

it comes to analysis, we need to get the dried matrix ready for further tests, usually by 

using advanced methods like liquid chromatography-tandem mass spectrometry to 

measure things accurately [10].  

Even after the basics are covered, the world of dry matrix micro sampling keeps 

growing with new ideas that tackle its current challenges Recent advancements 

involve merging tiny sample collection with wearable tech, boosting instant health 

tracking and customized treatment options Automation in sample prep and processing 

boosts analysis speed and cuts down on mistakes Guidelines are popping up to make 

sure labs and clinics are on the same page and everything’s checked out Even when 

all the progress were made, were still figuring out some tricky stuff like how 

hematocrit levels can mess with DBS results, the interference from the matrix, and 

getting the analytes back out. It’s a team effort to tackle these analytical and real the 

blending of dried matrix micro sampling into big population research and worldwide 

health projects really shows its game-changing power in making bioanalysis more 

accessible and supporting local health checks [11-13]. Table 1 represents dried matrix 

micro sampling: key aspects and characteristics.  
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Table 1: Dried Matrix Micro Sampling: Key Aspects And Characteristics. 

Aspect Description Advantages Challenges 
Refer

-ence 

Principle 

Collection of small biological fluid volumes 

(10-50 µL) on absorbent substrates that dry to 

form stable matrices, minimizing enzymatic 

degradation and microbial growth 

Enhanced analyte 

stability; no cold 

chain required; 

compact storage 

Humidity/tempera

ture sensitivity 

during drying 

[1-3] 

Microsample 

Generation 

DBS: Spot blood on filter paper; VAMS/Mitra: 

Fixed- volume Absorption via porous polymer 

tips, independent of hematocrit 

User friendly 

volumetric accuracy 

in VAMS; minimal 

invasiveness 

Spot 

inhomogeneity in 

DBS; hematocrit 

bias 

[3,4] 

Storage 

Ambient temperature in sealed 

pouches/desiccants; stability up to years for 

many analytes 

Long term archival; 

reduced biohazard 

risk 

Analyte-specific 

degradation; 

matrix effects 

[7,9] 

Transport 
Mail at room temperature; no refrigeration or 

special containers needed 

Cost Effective; ideal 

for 

remote/decentralized 

trails 

Potential 

contamination; 

regulatory 

variability 

[9,11] 

(DBS: dried blood spots, VAMS: volumetric absorptive micro sampling) 

2.3 Regulatory context and guidance document 

Micro sampling has gained formal recognition and support within the regulatory 

framework for nonclinical and clinical studies, with key guidelines provided by the 

International Council for Harmonisation (ICH) such as M10, S11, and SA3. The ICH 

M10 guideline emphasizes the need for bioanalytical methods to be accurate, precise, 

selective, and sensitive, particularly with small samples. This supports the use of tiny 

sample sizes (under 50 microliters), aligning with techniques like 

dried blood spots and VAMS [2,14].  

ICH S11 is all about making sure safety studies are done right without causing harm, 

and its big on using micro sampling. This way, we don’t need as much blood, which is 

better for the animals and means we can test more often without 

needing more animals [15]. 

Just like ICH SA3 points out, when it comes to nonclinical toxicokinetic studies, it’s 

all about picking the right analytical methods. Where talking about using micro 

sampling techniques to keep things flexible without messing up the data quality [18]. 

These guidelines collectively provide a framework for the validation and 

implementation of micro sampling in drug development, emphasizing robustness of 

assay methodologies, appropriate calibration standards, and quality control samples 

despite limited sample volumes. Official documents stress the need for additional 

research when moving from standard to small sample methods to show they are 

equally reliable [2,16]. The increasing acceptance of regulations is helping to pave the 

way for more widespread use of micro sampling methods in clinical studies, research 

involving newborns, and keeping an eye on patients from afar by tackling issues like 

the impact of the samples environment, blood cell count Regulatory bodies like the 

FDA and EMA suggest having early talks with sponsors about micro sampling to 

make sure everything’s up to code and to help get studies approved [14,17]. Table 2 

represents regulatory guideline supporting micro sampling in bioanalysis. 
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Table 2: Regulatory Framework: Micro sampling in Bioanalytical Studies. 

GUIDLINE AUTHORITY YEAR KEY PROVISION APPLICATION 

REFE

RENC

E 

ICH M10 ICH 2022 
Supports micro sampling 

validation 

Nonclinical PK/TK, 

Clinical TDM, 

Decentralized trials 

[16] 

ICH S11 ICH 2021 

Reduces animal blood 

volumes: serial micro 

sampling in safety studies 

Nonclinical toxicology/ 

safety studies 
[15] 

ICH S3A Q&A ICH 2020 

TK micro sampling 

bridging: composite 

sampling strategies 

Nonclinical 

toxicokinetics 
[18] 

EMA M10 EMA 2024 

Bioanalytical validation 

including dried matrices: 

stability requirements 

Clinical/Nonclinical 

bioanalysis 
[14] 

FDA 

Bioanalytical 
FDA 2021 

Micro sampling method 

validation; incurred sample 

reanalysis 

Clinical PK/PD, 

Bioequivalence 
[17] 

EBF 

Microsampling 
EBF 2018 

Best practices for 

DBS/VAMS; hematocrit 

mitigation 

Regulated bioanalysis 

(DBS/VAMS) 
[19] 

(ICH: International Council for Harmonisation, EMA: European Medicines Agency, 

FDA: Food and Drug Administration, EBF: European Bioanalysis Forum) 

 

3. Dried blood Spots (DBS) 

3.1 Historical Background  

Dried blood spots (DBS) represent one of the most transformative innovations in 

bioanalytical history, originating from pioneering work that revolutionized neonatal 

screening and population health diagnostics. The idea goes way back to 1913 when a 

Norwegian biochemist named Ivar Christian bang showed how to figure out glucose 

levels in blood by using a cellulose filter paper, which laid the groundwork for 

keeping samples stable when they are dry [20]. This early innovation just chilled out 

until the 1960s when American microbiologist Dr Robert Guthrie, driven by his 

family’s experience with PKU, came up with a bacterial inhibition test using a tiny 

blood sample from a newborns heel on special cards, making it easy to check for high 

levels of phenylalanine Guthrie’s approach changed PKU detection from complicated 

lab work to a practical tool for public health by 1963, and by the late 60s, it became a 

standard practice across the US and around the world, helping to prevent intellectual 

disabilities with early dietary changes [22-24]. Back in the 50s, there were early 

attempts at using DBS for spotting syphilis, but Guthrie’s discovery really kicked 

things into high gear, leading to a huge leap forward that included tests for congenital 

hypothyroidism, sickle cell disorders [22]. Tech breakthroughs like monoclonal 

antibodies, PCR, and tandem mass spectrometry (MS/MS) helped us get past the early 

hurdles of sensitivity, making it possible to test for over 175 different 

things by 2001, like [25,26]. Guthrie cards have made it possible for newborn 
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screening programs to pop up in over 20 countries, gathering millions of samples 

every year to check for metabolic, genetic, and infectious diseases [27].  

Beyond neonatology, DBS has grown into areas like pharmacokinetics, therapeutic 

drug monitoring, and forensics. By the 2000s, LC-MS/MS tech made it possible to do 

detailed bioanalysis on samples that have been in ambient conditions [21,26]. This 

journey from Bangs basic glucose test to Guthrie’s big leap in public health really 

shows DBSs lasting impact: it’s super easy to do, doesn’t need much fuss, and gives 

solid results Today, DBS is driving the precision medicine movement and paving the 

way for innovative micro sampling techniques like VAMS, making Guthrie’s dream 

of accessible diagnostics a reality around the globe [25,28].  

 

3.2 Analytical Consideration for Dried Blood Spot (DBS) Bioanalysis 

Analytical validation of dried blood spot (DBS) samples demands rigorous attention 

to unique matrix challenges that distinguish them from conventional liquid plasma or 

serum analysis. The hematocrit effect is still the top worry, where high red blood cell 

levels (over 0.45-0.50) make the blood too thick to spread evenly on filter paper. This 

leads to clumpy spots with uneven stuff and can mess up the measurements, usually 

[29]. Checking for uniformity in spotting (whether it’s a central or edge hit or a full-

spot pull) is key, and we need to keep hematocrit levels steady using benchmarks 

from 0.25 to 0.60 to make sure our tests are solid for everyone [30].  

Optimizing how well we extract stuff form cells is super important, and it means 

picking the right solvent, usually a mix of methanol and acetonitrile with a tiny bit of 

formic acid, to get more than 85% of what we want out while keeping those pesky 

Teh size of a punch (3-6 mm in diameter) really matters for sensitivity. When using 

ultra-high performance liquid chromatography (UHPLC) columns that are less than 2 

micrometers in diameter, it helps separate the actual analyte peaks from background 

noise and interferences [31]. LC- MS/MS is still the top choice, using T-Wave 

collision cells to do full-scan and MRM at the same time to spot metabolites at really 

low levels, but using capillary-scale LC makes it even more sensitive, like 30 times 

better for that tiny bother [32].  

Stability profiling under ICH conditions shows DBS outshining liquid matrices, with 

lots of compounds staying stable for over a year at room temperature. However, light 

and humidity can mess with sensitive stuff like peptides The incurred Sample 

Reanalysis (ISR) across different spots shows that results can be reliably repeated, 

and when it comes to choosing the right sample type, the blood-to-plasma ratio really 

matters. For drugs that stick to blood cells, using dried blood spots (DBS) [33]. 

Matrix effects, assessed via post- When extraction spike ratios are over 85%, it’s 

crucial to use internal standards, like stable isotope-labeled versions, to deal with ion 

suppression caused by broken red blood cells In the end, adjustments for partial 

volumes and volume controls help spot any oddities, making sure everything checks 

out with the ICH M10 standards for the kind of tests we do in labs [34]. Table 3 

represents dried blood spot analytical parameters.  
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Table 3: DBS Analytical Parameters. 

PARAMETER CRITICAL RANGE METHOD REFERENCE 

Hematocrit 0.25-0.60 Normalization standards [29] 

Punch Size 3-6 mm diameter Central/peripheral [31] 

Extraction >85% recovery MeOH/CAN + 0.1% FA [34] 

Matrix Effect 85-115% recovery Post extraction spike [30] 

Stability >1 year ambient ICH conditions [33] 

LOD/LOQ pg/mL levels UHPLC-MS/MS [32] 

 

3.3 Application of DBS 

Dried blood spots, or DBS, started off just for newborn screening but now they’re 

used in all sorts of ways, like checking drug levels in the body, studying how drugs 

move through the body, figuring out how toxins are processed, diagnosing infections, 

and In TDM, DBS lets us keep a close eye on drugs with a narrow therapeutic range, 

such as tacrolimus, cyclosporine, and antiepileptics, for transplant patients and those 

with epilepsy. We can get accurate blood levels [35]. Neonatal PK research uses the 

tiny sample size needed for DBS (less than 50 microliters) to model how caffeine, 

vancomycin, and gentamicin behave in preemies. This method is better than regular 

blood draws because it doesn’t go [36]. Preclinical TK applications support ICH 

S3A/S11 compliance by enabling serial micro sampling in rodents (reducing N by 50-

75%), while clinical PK trials facilitate home-based self-collection for oncology drugs 

and antiretrovirals during pandemics. [37].  

Infectious disease uses like HIV viral load testing with DBS-PCR (less than 100 

copies/mL), which helps in checking patients from afar, especially where resources 

are scarce. Plus, we’ve got SARS-CoV-2 antibody studies [38]. Forensic toxicology 

uses DBS to check for past drug use like cocaine and opioids from old Guthrie cards, 

and endocrinology uses it to measure stress hormones like cortisol and testosterone 

for research and doping tests [39]. Decentralized trials benefit from DBS logistics no 

cold chain, mail-stable, patient-centric accelerating Phase I-IV studies with 90% cost 

reduction versus venous sampling. [40]. New developments involve profiling over 

200 metabolites using untargeted LC-MS/MS and merging digital health with 

wearable lancets for ongoing therapeutic drug monitoring [41,42]. 

DBS thus bridges laboratory diagnostics with point-of-care realities, transforming 

bioanalysis accessibility across global healthcare disparities.  

3.4 Advantage and limitation of DBS 

Dried blood spots (DBS) offer compelling advantages that position them as 

transformative tools in bioanalysis, including minimal sample volume requirements 

(10-50 µL), enabling ethical serial sampling in pediatrics and preclinical studies while 

reducing animal usage by 50-75% through composite PK curves from 

individual subjects. [43]. Improved stability of these substances at room temperature, 

which can last for over a year, means we don’t need to keep them cold during 

shipping This cuts down on shipping costs by 80-90% and makes it easier to run trials 

far from big labs [44]. Patient- Focusing on key features encourages people to do their 

own blood collection, which cuts down on the pain and safety issues for those doing 
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it, and makes the whole process faster without needing to spin things down or 

freeze them right away [45]. 

However, DBS limitations demand rigorous mitigation: the hematocrit effect causes 

20-50% concentration bias across 0.25-0.60 ranges due to uneven blood spreading, 

necessitating normalization protocols [46]. Spot inhomogeneity requires multi-punch 

strategies or full-spot extraction, complicating automation and increasing variability 

(CV >15-20%) compared to plasma [47].  

Lower sensitivity for ultra- Tracking tiny amounts of substances (less than a picogram 

per milliliter) is tough for low-dose treatments, and the leftover stuff from filter paper 

can mess with the results, so we need to keep an eye on stable isotopes and 

phospholipids Even with ICH M10 backing, there are still regulatory roadblocks. 

Weve got to do extra studies to bridge the gap between plasma and DBS, which slows 

down the process for critical bioequivalence tests [48].  

 

4. Volumetric Absorptive Micro sampling  

4.1 Concept of volumetric absorptive micro sampling (VAMS) 

Volumetric absorptive micro sampling (VAMS), introduced commercially in 2014 by 

BD Technologies, represents a paradigm shift in micro sampling by enabling precise 

collection of fixed blood volumes (10, 20, or 30 µL) through hydrophilic porous 

polymer tips attached to ergonomic handles, fundamentally addressing dried blood 

spot (DBS) limitations like volume variability and hematocrit bias [49]. Unlike DBS, 

where teh bloods spread on filter paper changes with its thickness and the amount of 

red cells (Hct between 0.25 and 0.60), VAMS uses capillary action to soak up the 

blood quickly. It fills up the tips [50]. Post-collection, tips air-dry (2- The samples 

were kept in protective cases for 4 hours, resulting in stable containers that can be 

stored or transported at room temperature without needing a fridge, making it easier to 

collect samples in far-off places [51].  

The main idea here is that were using a special kind of polymer that’s super good at 

soaking up liquids and doesn’t change, which means we don’t have to worry about 

messing up when we’re measuring stuff. This is great because we can take 

blood samples without [52]. Extraction is all about moving the tip directly into the 

solvent (like methanol or acetonitrile, with about 70-90% getting pulled out), and then 

we check it out with LC-MS/MS, which is just as accurate as checking venous plasma 

(R² >0.99) [53]. VAMS is all about embracing a variety of testing methods, not just 

blood and urine. It’s getting into the nitty-gritty of metabolomics, checking out over 

200 different metabolites, looking for protein biomarkers, and extracting Regulatory 

checks under ICH M10 show VAMS is just as good as wet plasma, making it the next 

big thing for decentralized trials and quick bioanalysis at the patient’s side [54].  

4.2  Bioanalytical method development for VAMS 

Developing bioanalytical methods for VAMS requires custom tweaking to make the 

most of its small, hydrophilic polymer tips, all while sticking to the ICH M10 

standards for precision, accuracy, and consistency across different sample types [55]. 

Initial extraction protocols focus on soaking the tip directly in a mix of methanol, 

acetonitrile, and water (70:25:5 by volume) with a tiny bit of formic acid, getting us 
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85-95% of what we need in about [56]. Chromatography uses C18 UHPLC columns 

(50x2.1mm, 1.7µm) with a gradient of 0.1% FA in water and ACN, separating 

compounds quickly in just 3-5 minutes. It also cleans up phosphor [57].  

MS/MS detection uses ESI+MRM transitions with stable isotope-labeled IS (SIL-IS) 

to achieve r²>0.995 linearity (0.1-1000 ng/mL), hitting an LLOQ of 50-5 Validation 

covers a range of selectivity in six VAMS lots, ensuring stability above 90% at 37°C 

and 75%RH for 30 days, and ISR pass rates over 93% Partial volume correction isnt 

needed because of the inhere [58]. Automation via 96- Robotic handlers boost 

efficiency by ten times for clinical PK groups, and they can handle over 20 different 

tests from just one tip for precise medicine panel [59]. VAMS method transfer 

demonstrates equivalence to venous plasma (concordance >95%), enabling 

decentralized trials with 70% logistics cost reduction [60]. Table 4 represents VAMS 

bioanalytical method development parameters 

Table 4: VAMS bioanalytical method development parameters 

PARAMETER 

SPECIFICATION/ 

CHROMATOGRAPHIC 

CONDITIONS 

RESULT 
OPTIMIZATION 

STRATEGY 

REFER-

ENCE 

Extraction 
MeOH/ACN/H2O (70:25:5) 

+ 0.1%FA 
85-95% recovery 

2-4h vortexting, 

25°C 
[55] 

Chromatography C18 UHPLC 3-5 min RT, R>1.5 
Gradient 0.1% FA 

water: ACN 
[57] 

LLOQ 
50-500 pg/mL (TDM 

analytes) 

S/N> 10, ±20% 

accuracy 
SIL-IS, online SPE [58] 

Linearity 0.1-1000 ng/mL 
r2> 0.995(8 

points) 

Matrix- matched 

curve 
[56] 

ISR Pass Rate 2/3 sample 
±20% original 

value 

Multi-lot VAMS 

validation 
[59] 

Stability 37ºC/75% RH >90% (30 days) 
Ambient storage 

validation 
[60] 

Throughput 

 

 

96-tip automation 10× vs. manual Robotic handlers [55] 

4.3 Application of VAMS  

Volumetric absorptive micro sampling (VAMS) is a game-changer for checking drug 

levels in patients taking immunosuppressants like tacrolimus, especially when the 

levels are really low, and for cancer patients on tyrosine kinase inhibitors [61]. 

Pediatric PK gets a big win with 10 µL fixed volumes for checking antiepileptics and 

antibiotics in newborns, cutting down on the need for blood draws by 90% [62]. 

Decentralized clinical trials leverage VAMS ambient stability for Phase I-IV 

oncology/antiviral studies during COVID-19, cutting logistics costs 70% via mail-

stable self-sampling [63]. Toxicology applications monitor miltefosine (10- 

Metabolomics profiles over 200 metabolites from just a 20 µL tip, and it’s pretty wild 

to see such high levels of 50,000 ng/mL in neglected diseases’ helps with remote 

testing for cancer meds like abiraterone and sunitinib, and it’s about 20% better than 

the usual blood tests [64,65].  
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4.4 VAMS: Strengths, challenges, and strategic implementation  

Volumetric Absorptive Micro sampling (VAMS) offers a game-changing edge over 

traditional DBS methods, hitting a ±5% accuracy in volume measurement for blood 

samples with hematocrit levels between 0.25 and 0.60. It uses special [66]. Patient-

centric self-sampling supports home- Transplant patients sticking to their TDM 

(tacrolimus levels over 95%) cut down on clinic visits by 80% during pandemics, and 

keeping things stable (more than 90 days at 37°C) cuts cold chain costs by 70 [67].  

Ethical micro sampling follows the ICH S11 guidelines for kids and animals, cutting 

down blood volume by 90%, and using automated tips to speed up the process by 

tenfold with a 96-well robotic system [68]. However, single- The need for various 

samples for rechecking means costs can skyrocket by 3 to 5 times compared to direct 

blood spot analysis, which costs between $2 to $5 per sample. Plus,the process is 

more complicated and needs high-tech equipment like LC-MS/MS to 

detect tiny amounts [69].  

Even with ICH M10 backing, we still need to do plasma equivalence studies, and we 

can’t include really big proteins (over 20 kDa) because they stick to the tips [70].  

5. Mitra devices as a VAMS platform 

5.1 Device Description and classification  

The Mitra® device from Neoteryx/Trajan Scientific is the top-of-the-line commercial 

version of VAMS tech, sporting patented water-loving porous polymer tips that can 

hold 10, 20, or 30 microlite [71]. Collection mechanism employs capillary- When you 

prick your finger with a lancet, the blood quickly soaks into the test strip, turning it a 

consistent shade of red in just 3-5 seconds. This method gives us a reliable blood 

volume measurement, no matter the thickness of the blood, with very little variation 

[72]. Post-collection, tips air-dry (2- Packed in protective cases, they can be stored or 

moved around without needing a cold chain, and they are certified for clinical use. 

They shall last for 18 months and stay stable for over 90 days even if its 37°C and 75 

[73].  

Classification spans Class II a medical device (EU IVDR) for capillary blood 

collection, compatible with LC-MS/MS, HPLC, immunoassays via direct tip 

extraction (MeOH/ACN, 85-95% recovery) or automation (96-Autoracks, robotic 

handlers) supporting 1000+ samples/day [74].  

Versatility extends to plasma, urine, saliva, even tears from humans/animals, validated 

for 200+ metabolites, immunosuppressants (tacrolimus LLOQ 0.5 ng/mL), and 

protein biomarkers via high-throughput workflows [75,76]. Mitra® micro sampling 

kits include lancets, alcohol wipes, biohazard bags, meeting OSHA/CLSI transport 

standards with <1% lab rejection rates [76].  

5.2  Practical aspects of Mitra use  

The Mitra® makes it easier to do micro sampling by following simple steps: patients 

use a small lancet to prick their fingertip (21-23G), then they gently press teh exposed 

polymer tip against the droplet at a 45-degree [71]. Shipping relies on standard mail in 

biohazard-safe pouches with moisture-absorbing packets, no need for dry ice, and its 

stable for over a month at room temperature and average humidity for tacrolimus, 

with a low limit of quantification [78]. Laboratory processing involves robotic 96- Tip 
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racks are being moved to a solvent mix (80% MeOH/ACN and 20% ACN with a tiny 

bit of FA), shaken for 30 minutes at a high speed, and were getting a pretty good 

recovery rate of 88-94 [79].  

Automation on Tecan/Hamilton systems can handle over a thousand samples a day, 

btu manual methods for CROs use 1.5 mL tubes with magnetic stirrers Quality 

metrics confirm RSD ≤4.2% volume accuracy (10/20/30 µL tips), no partial volume 

bias, and ICH M10 stability (12 months ambient), with training videos achieving 95% 

first-time success in self-collection. [72]. Cost-effectiveness realizes €0.50-

1.50/sample savings vs. venous kits through eliminated phlebotomy/logistics, 

validated across 50+ analytes in TDM/PK studies [80]. 

5.3 Mitra VAMS performance; Bioanalytical precision and clinical concordance 

Mitra® VAMS shows top-notch bioanalytical results, with less than 4.2% variation in 

volume accuracy for tiny tips, and it gets 88-96% of tacrolimus out of samples, even 

better than DBS because it doesn’t get [81]. Clinical validation shows that 

immunosuppressant levels in blood plasma match up with venous samples in over 200 

transplant patients, with a high success rate in drug testing that meets 

international standards [82]. Trace element analysis via ICP- MS/MS accurately 

measures over 20 different metals (like arsenic, cadmium, lead) from just 30 

microliters of tips, showing less than a 10% difference compared to blood samples 

taken from multiple centers [83].  

PK bridging studies show that radiprodil plasma levels are bioequivalent to the 

reference, with a 90% confidence interval between 0.8 and 1.25 Mitra whole blood, 

enabling seamless decentralized Phase I-IV transition. Environmental biomonitoring 

validates Mitra for children’s metal exposure (Pb, Hg), reducing background 

contamination post-cleaning to LOQ. [84,85]. 

High- Throughput serology processes over a thousand samples a day using automated 

96-well plates, aiding in COVID-19 antibody persistence research with a coefficient 

of variation under 7% The study across 15 different locations shows a super strong 

link (r²=0.98) between Mitras remote sampling and the actual levels of 50 different 

substances, making it the top choice for this kind of testing [86].  

5.4 Mitra® VAMS: Key limitation and technical challenges 

Mitra® VAMS has some big drawbacks, like the pricey single-use tips that can cost 

anywhere from $2 to $5 each, which is way more than the $0.10 for DBS cards. This 

makes it tough to reanalyze samples and can really bump [83]. 

Despite the tough cleaning with 2% nitric acid to get rid of contamination from 

manufacturing, like aluminum, chromium, manganese, molybdenum, and lead, we 

still can’t get the trace element levels below 5 micrograms per liter using [81]. 

Small fixed volumes (10- Amplifying errors by 15-25% when overloading or 

underloading, and not enough for detecting really tiny amounts or big proteins that 

stick to surfaces [85]. 

User error susceptibility in self- When you’re not quite right with the shoulder 

immersion, you might see a 2-5% rejection rate. But if you’re dealing with the more 

complex LC-MS/MS, you’ll need some serious expertise, though you’ll get an 88-94 

[86]. 
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Lot-to-lot variability across manufacturers necessitates 6-lot validation per ICH M10, 

delaying implementation [82]. 

6. Comparative evaluation: DBS, VAMS and Mitra performance metrics  

Dried blood Spots (DBS) have a hematocrit-related bias that can lead to a 20-50% 

error, especially when the hematocrit level is between 0.25 and 0.60, so they need to 

be normalized. [87]. 

β- Lactam TDM proves VAMS is more accurate and consistent (bias and CV under 

15%) than DBS, no matter the day-to-day or day-to-night tests, even if blood volume 

or Hct changes Monoclonal antibodies show a Mitra CV of less than 7% compared to 

DBS, which has more variability. The actual absorption from fingertips is 23 µL for 

monoclonal and 21.5 µL for DBS Hemaxis DB10/VAMS outperforms traditional DBS 

cards in analysis, but DBS/VAMS are equally user-friendly [88-90].  

First-in- People in studies seem to like Mitra more than DBS because it’s easier and 

gives more consistent results, especially when using tiny 10 microliter tips 

Praziquantel levels show that Mitra is just as effective as DBS, with fewer people 

needing to be turned away [91,92]. Table 5 represents quantitative head-to-head 

comparison of DBA, VAMS and Mitra. 

Table 5: Quantitative head-to-head comparison of DBA, VAMS and Mitra. 

PARAMETER DBS VAMS MITRA 

PERFORMANCE 

EFFICIENT 

BASED ON 

PARAMETER 

Volume Accuracy 
±20-50% (Hct 

bias) 
±5-10% CV ±4.2% RSD Mitra 

Hematocrit 

Effect 
High Minimal Negligible Mitra/VAMS 

User Error Rate 5-10% (spotting) 
2-5% 

(immersion) 
<2% (ergonomic) Mitra 

Throughput 

(sample/day) 

200-500 

(manual) 
500-800 

1000+ 

(automated) 
Mitra 

Stability (37ºC) >1 year >90 days 
>30 days 

(validated) 
DBS 

Cost Per Sample $0.10-0.50 $1.50-3.00 $2.00-5.00 DBS 

Extraction 

Recovery 
70-80% 85-92% 88-96% Mitra 

Clinical 

Concordance 

85-90% vs 

plasma 
92-95% 95-98% Mitra 

 

7. Challenges and future directions in micro sampling evolution  

Despite being technologically mature, were still facing challenges on the DBS, 

VAMS, and Mitra® platforms Even with normalization, hematocrit bias in DBS still 

has a 20-50% error margin that’s not fully addressed.VAMS/Mitra face extraction 

issues with a 5-15% variability in lot quality and the cost of consumables is way 

Despite the backing from ICH M10/S11, regulatory harmonization is still behind, 

needing bridging for plasma equivalence across multiple lots, which is slowing down 

the adoption in multiple centers Analytical sensitivity issues make it tough to detect 
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really tiny biomarkers and big proteins because of how they stick to the test tubes, and 

not enough training can lead to a 2-5% error when people aren’t using the equipment 

right Global standardization differs by region, with the EU IVDR Class IIa and US 

research-only guidelines causing some hiccups in cross-border trials [93-96]. 

Future plans aim to push forward with new DBS tech like Capitainer cards that 

measure tiny fluid amounts (always 20 µL from just one drop, with a tiny error 

margin), making sure we don’t have to use more fluid than necessary but 

still keep costs down [97]. 

Devices that merge a lancet, VAMS, and barcode into one-time-use packs ensure a 

99% success rate on the first try, and AI-powered robotic vision helps fine-tune the 

solvent mix for a 95% recovery rate Multiplex omics platforms let us analyze over 

500 metabolites and proteins from just a tiny 10 microliter sample, using a mix of 

nanopore sequencing and Orbitrap technology, which is super helpful for 

precision oncology [98].  

Wearable micro samplers (Tasso+smartwatch) promise continuous TDM, while global 

consortia (EBF/IFBA) standardize validation templates by 2027 [99]. 

Micro samplings going to be the big thing in decentralized trials by 2030, slashing 

costs by 80% and making it possible to gather real-world evidence on a massive scale 

[100].  

8. Conclusion  

Micro sampling tech like DBS, VAMS, and Mitra® are changing the game in 

bioanalysis. They’re making it easier to get accurate, stable samples without the 

hassle of traditional blood draws. This means better, more convenient drug monitoring 

and clinical trials for everyone DBSs roots trace back to Guthries pioneering newborn 

screening in 1963, laying the groundwork for easy access. However, issues like 

hematocrit bias and spot inconsistency (a variability of 20-50%) called for a Micro 

sampling, backed by regulatory approvals and solid analytical methods, is now a key 

player in precision medicine. It’s essential for things like checking drug levels 

remotely in cancer and immune therapy treatments, studying newborn drug 

metabolism, and building worldwide by Future paths in qDBS microfluidics, AI-

enhanced extraction, and wearable tech are set to slash trial costs by 80% come 2030, 

making DBS/VAMS/Mitra the top choice for ethical, fair bioanalysis that meets 

patient empowerment worldwide.  

 

                                                        Table Overview 
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Table 2: Regulatory Framework: Micro sampling in Bioanalytical Studies. 

Table 3: DBS Analytical Parameters. 

Table 4: VAMS bioanalytical method development parameters 

Table 5: Quantitative head-to-head comparison of DBA, VAMS and Mitra. 

 

 

 

http://www.neuroquantology.com/


Neuroquantology |Mar 2026 | Volume 24 | Issue 3 | Page 197-217| Doi: 10.48047/nq.2026.24.3.NQ26020 
Alkesh A. Hora, Micro sampling Techniques in Bioanalysis: Advances, Challenges and Application of Dried Blood Spots, Volumetric 
Absorptive Micro sampling and Mitra Devices 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

          211 

9. REFERENCES 

1. Denniff, P., & Spooner, N. (2014). Volumetric absorptive microsampling: A dried 

sample collection technique for quantitative bioanalysis. Analytical Chemistry, 

86(16), 8489–8495. 

2. Londhe, V. Y., Carrillo, J. A., & Rouse, J. (2020). Opportunities and obstacles for 

microsampling techniques in bioanalysis: Special focus on DBS and VAMS. Journal 

of Pharmaceutical and Biomedical Analysis, 182, 113110.  

3. Meesters, R. J. W. (2013). State-of-the-art dried blood spot analysis. Bioanalysis, 

5(10), 1215–1236.  

4. Taylor, S., Zougman, A., & Cannon, M. (2018). Evaluation of the Mitra 

microsampling device for use with clinical bioanalysis: A review of recent studies. 

Bioanalysis, 10(16), 1243–1255.  

5. Various Authors. (2020-2021). Volumetric absorptive microsampling and Mitra 

devices in clinical applications during COVID-19. PMC Articles. 

https://www.ncbi.nlm.nih.gov/pmc.  

6. National Centre for the Replacement, Refinement & Reduction of Animals in 

Research (NC3Rs). (2021, October 31). Microsampling. https://nc3rs.org.uk/3rs-

resources/microsampling.  

7. Shah, R. R., Haddad, S., Paterson, T. M., & Kottke, P. A. (2020). Quantitative 

microsampling for bioanalytical applications. Bioanalysis, 12(15), 1123-1146. 

https://doi.org/10.4155/bio-2020-0166.  

8. Vinks, A. A., & Steghorst, K. (2019). A review of microsampling techniques and their 

social impact. Bioanalysis, 11(15), 1393-1411. https://doi.org/10.4155/bio-2019-0077.  

9. Warbrick, E. V., Vivian, J., & Hindmarch, C. C. T. (2021). Dried blood spots for 

biomarker discovery in disease. Expert Review of Proteomics, 18(3), 207-224. 

https://doi.org/10.1080/14789450.2021.1883330.  

10. Capiau, S., Veenhof, H., Rawlings, N., et al. (2019). Clinical validation of a 

volumetric absorptive microsampling device for dried blood sampling in therapeutic 

drug monitoring of tacrolimus. Therapeutic Drug Monitoring, 41(3), 348-356. 

https://doi.org/10.1097/FTD.0000000000000590.  

11. Denniff, P., Spooner, N., & Capiau, S. (2021). The evolving landscape of dried blood 

microsample analysis: A focus on applications and innovations. Bioanalysis, 13(14), 

1103–1117. https://doi.org/10.4155/bio-2021-0092.  

12. Capiau, S., Veenhof, H., Lambert, W., et al. (2019). Clinical validation of volumetric 

absorptive microsampling in whole blood tacrolimus quantification for therapeutic 

drug monitoring. Therapeutic Drug Monitoring, 41(3), 348-356. 

https://doi.org/10.1097/FTD.0000000000000590.  

13. Spooner, N., Denniff, P., & Michielsen, L. (2020). Advanced techniques in dried 

blood spot analysis. Bioanalysis, 12(4), 195–207. https://doi.org/10.4155/bio-2019-

0345.  

14. EMA. (2024). ICH guideline M10 on bioanalytical method validation and study 

sample analysis. European Medicines Agency. 

https://www.ema.europa.eu/en/documents/scientific-guideline/ich-guideline-m10-

bioanalytical-method-validation-step-5_en.pdf.  

http://www.neuroquantology.com/
https://www.ncbi.nlm.nih.gov/pmc
https://nc3rs.org.uk/3rs-resources/microsampling
https://nc3rs.org.uk/3rs-resources/microsampling
https://doi.org/10.4155/bio-2020-0166
https://doi.org/10.4155/bio-2019-0077
https://doi.org/10.1080/14789450.2021.1883330
https://doi.org/10.1097/FTD.0000000000000590
https://doi.org/10.4155/bio-2021-0092
https://doi.org/10.1097/FTD.0000000000000590
https://doi.org/10.4155/bio-2019-0345
https://doi.org/10.4155/bio-2019-0345
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-guideline-m10-bioanalytical-method-validation-step-5_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-guideline-m10-bioanalytical-method-validation-step-5_en.pdf


Neuroquantology |Mar 2026 | Volume 24 | Issue 3 | Page 197-217| Doi: 10.48047/nq.2026.24.3.NQ26020 
Alkesh A. Hora, Micro sampling Techniques in Bioanalysis: Advances, Challenges and Application of Dried Blood Spots, Volumetric 
Absorptive Micro sampling and Mitra Devices 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

          212 

15. ICH. (2021). ICH guideline S11 on nonclinical safety testing in support of 

development of pediatric medicines. International Council for Harmonisation. 

https://database.ich.org/sites/default/files/S11_Guideline.pdf.  

16. ICH. (2022). ICH guideline M10 on bioanalytical method validation and study sample 

analysis. International Council for Harmonisation. 

https://database.ich.org/sites/default/files/M10_Guideline_Step4_2022_0524.pdf.  

17. FDA. (2021). Bioanalytical method validation guidance for industry. U.S. Food and 

Drug Administration. https://www.fda.gov/media/70858/download.  

18. ICH. (2020). Q&A on ICH S3A toxicokinetics: Focus on microsampling. 

International Council for Harmonisation. 

https://database.ich.org/sites/default/files/S3A_Q&As_Step2_Presentation_0.pdf.  

19. European Bioanalysis Forum (EBF). (2018). Recommendations for the use of 

DBS/VAMS in regulated bioanalysis. EBF. https://www.ebfonline.org.  

20. Bang, I. C. (1913). Ein einfaches Verfahren zur Demonstration des Zuckers im Blute. 

Biochemische Zeitschrift, 51, 172-179.  

21. Chace, D. H. (2009). Mass spectrometry in newborn and metabolic screening: 

Historical perspectives and future directions. Journal of Mass Spectrometry, 44(10), 

1347-1357. https://doi.org/10.1002/jms.1621.  

22. Edmond, K. M., Koirala, A., English, M., & Shann, F. (2018). Applications and 

diagnostic potential of dried blood spots. Current Opinion in Pediatrics, 30(2), 203-

210. https://doi.org/10.1097/MOP.0000000000000594.  

23. Guthrie, R. (1963). "Blood screening for phenylketonuria." JAMA, 178(8), 863. 

https://doi.org/10.1001/jama.1961.03040470059011.  

24. Guthrie, R., & Susi, A. (1963). A simple phenylalanine method for detecting 

phenylketonuria in large populations of newborn infants. Pediatrics, 32, 338-343.  

25. Martinez-Paddilla, M. C., et al. (2023). Dried blood spot testing - Part 3: Historical 

evolution and modern applications. Capitainer AB. https://capitainer.com/dbs-

extraction-considerations.  

26. McCabe, E. R. B. (1987). DNA from dried blood spots for genetic analysis. American 

Journal of Human Genetics, 41(3), A215.  

27. Therrell, B. L., Johnson, A., & Williams, D. (2015). Dried blood spots - Preparing and 

processing for use in immunoassays and in molecular techniques. Journal of 

Visualized Experiments, (97), e52652. https://doi.org/10.3791/52652.  

28. Velghe, S., & Lambert, W. E. (2013). Dried blood spot 101. The Analytical Scientist. 

https://theanalyticalscientist.com/issues/2013/articles/apr/dried-blood-spot-101.  

29. Wilhelm, J., et al. (2014). Dried blood spots: Concepts, present status, and future 

perspectives. Trends in Analytical Chemistry, 58, 1-12. 

https://doi.org/10.1016/j.trac.2014.03.011.  

30. Spooner, N., et al. (2010). Ask the experts: Dried blood spots. Bioanalysis Zone. 

https://www.bioanalysis-zone.com/dbs-ask-the-experts.  

31. Spotts, J., et al. (2020). Bioanalysis using dried blood spots: The biggest advancement 

in bioanalysis with LC-MS/MS. LCGC North America. 

https://www.chromatographyonline.com/view/bioanalysis-using-dried-blood-spots-

biggest-advancement-bioanalysis-lc-ms-ms.  

http://www.neuroquantology.com/
https://database.ich.org/sites/default/files/S11_Guideline.pdf
https://database.ich.org/sites/default/files/M10_Guideline_Step4_2022_0524.pdf
https://www.fda.gov/media/70858/download
https://database.ich.org/sites/default/files/S3A_Q&As_Step2_Presentation_0.pdf
https://www.ebfonline.org/
https://doi.org/10.1002/jms.1621
https://doi.org/10.1097/MOP.0000000000000594
https://doi.org/10.1001/jama.1961.03040470059011
https://capitainer.com/dbs-extraction-considerations
https://capitainer.com/dbs-extraction-considerations
https://doi.org/10.3791/52652
https://theanalyticalscientist.com/issues/2013/articles/apr/dried-blood-spot-101
https://doi.org/10.1016/j.trac.2014.03.011
https://www.bioanalysis-zone.com/dbs-ask-the-experts
https://www.chromatographyonline.com/view/bioanalysis-using-dried-blood-spots-biggest-advancement-bioanalysis-lc-ms-ms
https://www.chromatographyonline.com/view/bioanalysis-using-dried-blood-spots-biggest-advancement-bioanalysis-lc-ms-ms


Neuroquantology |Mar 2026 | Volume 24 | Issue 3 | Page 197-217| Doi: 10.48047/nq.2026.24.3.NQ26020 
Alkesh A. Hora, Micro sampling Techniques in Bioanalysis: Advances, Challenges and Application of Dried Blood Spots, Volumetric 
Absorptive Micro sampling and Mitra Devices 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

          213 

32. Zhang, Y. (Cynthia). (2020). Bioanalysis of the dried blood spot (DBS) by mass 

spectrometry for clinical studies. [Video]. FDA CDER SBIA. 

https://www.youtube.com/watch?v=PNcXeNQgtso.  

33. Emmons, G. F., & Rowland, M. (2010). Pharmacokinetic considerations as to when to 

use dried blood spot sampling. Bioanalysis, 2(11), 1791-1797. 

https://doi.org/10.4155/bio.10.141.  

34. Li, W., Tse, F. L. S., & Zhang, C. (2016). Advantages and challenges of dried blood 

spot analysis by mass spectrometry. Bioanalysis, 8(24), 2575-2588. 

https://doi.org/10.4155/bio-2016-0216. 

35. Enderle, Y., et al. (2016). Clinical feasibility of dried blood spots: Analytics, 

validation, and applications. Journal of Pharmaceutical and Biomedical Analysis, 130, 

228-237. https://doi.org/10.1016/j.jpba.2016.07.001.  

36. Patel, P., et al. (2013). Dried blood spots and sparse sampling: A practical approach to 

paediatric clinical pharmacology studies. British Journal of Clinical Pharmacology, 

75(4), 1120-1128. https://doi.org/10.1111/j.1365-2125.2012.04438.x.  

37. Daousani, C., et al. (2023). Dried blood spots in neonatal studies: A computational 

evaluation of the hematocrit effect. Pharmaceutics, 15(8), 2088. 

https://doi.org/10.3390/pharmaceutics15082088.  

38. Lawton, P., et al. (2008). Clinical chemistry and dried blood spots: Increasing 

laboratory efficiency and reducing patient burden. Clinical Chemistry, 54(5), 873-875. 

https://doi.org/10.1373/clinchem.2007.101337.  

39.  Desfontaine, E., et al. (2015). Advances in dried blood spot sampling and 

bioanalytical method development. International Journal of Current 

Research, 7(9), 312-320.  

40. Pandya, H. C., et al. (2011). Dried blood spots, pharmacokinetic studies and better 

patient care. Bioanalysis, 3(6), 625-628. https://doi.org/10.4155/bio.11.19.  

41. Fonseca, N. A., et al. (2023). Dried blood spots—A platform for therapeutic drug 

monitoring and drug/disease response monitoring. Pharmaceutics, 15(8), 2081. 

https://doi.org/10.3390/pharmaceutics15082081.  

42. Sathyanarayanan, A. (2022). Dried spot sample and its drug detection using LC-

MS/MS. Journal of Applied Pharmaceutical Science. 

https://japsonline.com/admin/php/uploads/3658_pdf.pdf.  

43. Oostendorp, M., et al. (2013). Dried blood spots for pharmacokinetic studies: 

Advantages over traditional sampling. Bioanalysis, 5(10), 1215-1236. 

https://doi.org/10.4155/bio.13.90. Variant 

44. Guthrie, R., & Howell, R. R. (2012). The first newborn screening program in the 

United States: Historical perspective. Molecular Genetics and Metabolism, 107(1), 1-

5. https://doi.org/10.1016/j.ymgme.2012.07.011.  

45. McDade, T. W., et al. (2012). Analysis of salivary biomarkers in uncontrolled 

collection: The impact of drying. Developmental Psychobiology, 54(1), 47-54. 

https://doi.org/10.1002/dev.20574.  

46. Mullins, M., et al. (2011). Hematocrit bias in dried blood spot samples: Impact and 

mitigation strategies. Bioanalysis, 3(15), 1725-1733. 

https://doi.org/10.4155/bio.11.150.  

http://www.neuroquantology.com/
https://www.youtube.com/watch?v=PNcXeNQgtso
https://doi.org/10.4155/bio.10.141
https://doi.org/10.4155/bio-2016-0216
https://doi.org/10.1016/j.jpba.2016.07.001
https://doi.org/10.1111/j.1365-2125.2012.04438.x
https://doi.org/10.3390/pharmaceutics15082088
https://doi.org/10.1373/clinchem.2007.101337
https://doi.org/10.4155/bio.11.19
https://doi.org/10.3390/pharmaceutics15082081
https://japsonline.com/admin/php/uploads/3658_pdf.pdf
https://doi.org/10.4155/bio.13.90
https://doi.org/10.1016/j.ymgme.2012.07.011
https://doi.org/10.1002/dev.20574
https://doi.org/10.4155/bio.11.150


Neuroquantology |Mar 2026 | Volume 24 | Issue 3 | Page 197-217| Doi: 10.48047/nq.2026.24.3.NQ26020 
Alkesh A. Hora, Micro sampling Techniques in Bioanalysis: Advances, Challenges and Application of Dried Blood Spots, Volumetric 
Absorptive Micro sampling and Mitra Devices 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

          214 

47. Tanna, S., & Lawson, G. (2011). Analytical challenges of dried blood spot sampling 

for therapeutic drug monitoring. Bioanalysis, 3(20), 2325-2338. 

https://doi.org/10.4155/bio.11.214.  

48. Kwon, Y. J., et al. (2013). State-of-the-art dried blood spot analysis: An overview of 

recent advances and future trends. Bioanalysis, 5(16), 2019-2034. 

https://doi.org/10.4155/bio.13.174.  

49. Pires, B., et al. (2024). Volumetric absorptive microsampling in toxicology: 

Applications and validation. Toxics, 12(1), 45. 

https://doi.org/10.3390/toxics12010045.  

50. Volani, C., et al. (2023). VAMS-based blood capillary sampling for mass spectrometry 

metabolomics. Metabolites, 13(2), 187. https://doi.org/10.3390/metabo13020187.  

51. Domínguez, Á., et al. (2023). Volumetric absorptive microsampling in therapeutic 

drug monitoring: A comprehensive review. Pharmaceutics, 15(1), 208. 

https://doi.org/10.3390/pharmaceutics15010208.  

52. Gómez-Gredilla, M., et al. (2023). Volumetric absorptive microsampling in the 

analysis of immunosuppressants: Clinical validation. Journal of Chromatography B, 

1221, 123678. https://doi.org/10.1016/j.jchromb.2023.123678.  

53. Thangavelu, M. U., et al. (2023). Blood microsampling technologies: Innovations and 

applications. Analysis & Sensing, 3(1), e202300011. 

https://doi.org/10.1002/ansa.202300011.  

54. Reguli, A., et al. (2025). Volumetric absorptive microsampling and conductive vial 

extraction for enhanced throughput. Talanta, 268, 125312. 

https://doi.org/10.1016/j.talanta.2024.125312.  

55. Opitz, P., et al. (2024). Development and validation of a bioanalytical method for 

VAMS-LC-MS. Journal of Chromatography A, 1722, 464835. 

https://doi.org/10.1016/j.chroma.2024.464835.  

56. Itigimath, N., et al. (2025). New bioanalytical method development and validation for 

mirabegron by LC-MS/MS. Asia Pacific Journal of Pharmacy. 

https://www.asiapharmaceutics.info/index.php/ajp/article/view/6468.  

57. J Neonat Surg. (2025). Bio-analytical method development and validation by LC-

MS/MS. Journal of Neonatal Surgery. 

https://www.jneonatalsurg.com/index.php/jns/article/view/8920.  

58. Kachingwe, B. H., et al. (2018). Development and validation of an LC-MS/MS 

method for NC-8 in rat plasma. Journal of Food and Drug Analysis, 26(2), 691-699. 

https://doi.org/10.1016/j.jfda.2017.11.003.  

59. Turkjps. (2023). LC-MS/MS method development and validation for favipiravir. 

Turkish Journal of Pharmaceutical Sciences. https://www.turkjps.org/articles/lc-

msms-method-development-and-validation-for-determination-of-favipiravir.  

60. RFPPL. (2024). A review on bioanalytical method development and validation. 

Research Journal of Pharmacy and Technology. 

https://rfppl.co.in/subscription/upload_pdf/jpmc9_3432.pdf.  

61. Kip, A. E., et al. (2017). Application of VAMS for tacrolimus quantification. Journal 

of Pharmaceutical and Biomedical Analysis, 148, 331-337. 

https://doi.org/10.1016/j.jpba.2017.10.012.  

http://www.neuroquantology.com/
https://doi.org/10.4155/bio.11.214
https://doi.org/10.4155/bio.13.174
https://doi.org/10.3390/toxics12010045
https://doi.org/10.3390/metabo13020187
https://doi.org/10.3390/pharmaceutics15010208
https://doi.org/10.1016/j.jchromb.2023.123678
https://doi.org/10.1002/ansa.202300011
https://doi.org/10.1016/j.talanta.2024.125312
https://doi.org/10.1016/j.chroma.2024.464835
https://www.asiapharmaceutics.info/index.php/ajp/article/view/6468
https://www.jneonatalsurg.com/index.php/jns/article/view/8920
https://doi.org/10.1016/j.jfda.2017.11.003
https://www.turkjps.org/articles/lc-msms-method-development-and-validation-for-determination-of-favipiravir
https://www.turkjps.org/articles/lc-msms-method-development-and-validation-for-determination-of-favipiravir
https://rfppl.co.in/subscription/upload_pdf/jpmc9_3432.pdf
https://doi.org/10.1016/j.jpba.2017.10.012


Neuroquantology |Mar 2026 | Volume 24 | Issue 3 | Page 197-217| Doi: 10.48047/nq.2026.24.3.NQ26020 
Alkesh A. Hora, Micro sampling Techniques in Bioanalysis: Advances, Challenges and Application of Dried Blood Spots, Volumetric 
Absorptive Micro sampling and Mitra Devices 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

          215 

62. Kip, A. E., et al. (2025). Clinical application of VAMS for oral targeted anticancer 

drugs TDM. Therapeutic Drug Monitoring. 

https://pubmed.ncbi.nlm.nih.gov/39996568/.  

63. Herman, R., et al. (2020). Volumetric absorptive microsampling as a sampling 

alternative in clinical trials and TDM during COVID-19. Drug Design, Development 

and Therapy, 14, 4969-4981. https://doi.org/10.2147/DDDT.S277798.  

64. Mennigen, E., et al. (2023). Applications of volumetric absorptive microsampling 

technique. Therapeutic Drug Monitoring, 45(4), 456-468. 

https://doi.org/10.1097/FTD.0000000000001056.  

65. Verheijen, R. B., et al. (2025). Clinical application of VAMS for therapeutic drug 

monitoring. Therapeutic Drug Monitoring. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC12422603/.  

66. Harahap, Y., et al. (2020). Volumetric absorptive microsampling as a sampling 

alternative in clinical trials during COVID-19. Drug Design, Development and 

Therapy, 14, 4969-4981. https://doi.org/10.2147/DDDT.S277798.  

67. Kok, M. G. M., et al. (2018). Volumetric absorptive microsampling: Current advances 

and applications. Journal of Pharmaceutical and Biomedical Analysis, 163, 188-197. 

https://doi.org/10.1016/j.jpba.2018.10.013.  

68. Leino, A. D., et al. (2024). Clinical validation of two VAMS devices for 

immunosuppression monitoring. British Journal of Clinical Pharmacology, 90(3), 

678-685. https://doi.org/10.1111/bcp.16182.  

69. Kocur, A., et al. (2022). Volumetric absorptive microsampling in therapeutic drug 

monitoring: A comprehensive review. Pharmaceutics, 15(1), 208. 

https://doi.org/10.3390/pharmaceutics15010208.  

70. Volani, C., et al. (2023). Analytical and clinical validation of VAMS assays. 

Diagnostics, 13(16), 2678. https://doi.org/10.3390/diagnostics13162678.  

71. Neoteryx. (2025a). Mitra® microsampling devices: Volumetrically accurate 

collection. https://www.neoteryx.com/volumetrically-accurate-micro-sampling-vams-

collection-devices.  

72. Neoteryx. (2025b). Mitra® user guide: Extracting & processing microsamples. 

https://www.neoteryx.com/hubfs/NEOX_Content/User%20Guides/Mitra%20User%2

0Guide%20Extracting%20&%20Processing%20Microsamples.pdf.  

73. ClinicalTrials.gov.  (2025). High-throughput serological testing of antibodies platform 

(Mitra VAMS validation). U.S. National Library of Medicine. 

https://clinicaltrials.gov/study/NCT06939556.  

74. Thangavelu, M. U., et al. (2023). Blood microsampling technologies: Innovations and 

applications. Analysis & Sensing, 3(1), e202300011. 

https://doi.org/10.1002/ansa.202300011.  

75. van den Broek, I., et al. (2017). Application of volumetric absorptive microsampling 

for protein biomarkers. SLAS Technology, 22(5), 532-540. 

https://doi.org/10.1177/2472630317699210.  

76. Volani, C., et al. (2023). VAMS-based blood capillary sampling for mass spectrometry 

metabolomics. Metabolites, 13(2), 187. https://doi.org/10.3390/metabo13020187.  

http://www.neuroquantology.com/
https://pubmed.ncbi.nlm.nih.gov/39996568/
https://doi.org/10.2147/DDDT.S277798
https://doi.org/10.1097/FTD.0000000000001056
https://pmc.ncbi.nlm.nih.gov/articles/PMC12422603/
https://doi.org/10.2147/DDDT.S277798
https://doi.org/10.1016/j.jpba.2018.10.013
https://doi.org/10.1111/bcp.16182
https://doi.org/10.3390/pharmaceutics15010208
https://doi.org/10.3390/diagnostics13162678
https://www.neoteryx.com/volumetrically-accurate-micro-sampling-vams-collection-devices
https://www.neoteryx.com/volumetrically-accurate-micro-sampling-vams-collection-devices
https://www.neoteryx.com/hubfs/NEOX_Content/User%20Guides/Mitra%20User%20Guide%20Extracting%20&%20Processing%20Microsamples.pdf
https://www.neoteryx.com/hubfs/NEOX_Content/User%20Guides/Mitra%20User%20Guide%20Extracting%20&%20Processing%20Microsamples.pdf
https://clinicaltrials.gov/study/NCT06939556
https://doi.org/10.1002/ansa.202300011
https://doi.org/10.1177/2472630317699210
https://doi.org/10.3390/metabo13020187


Neuroquantology |Mar 2026 | Volume 24 | Issue 3 | Page 197-217| Doi: 10.48047/nq.2026.24.3.NQ26020 
Alkesh A. Hora, Micro sampling Techniques in Bioanalysis: Advances, Challenges and Application of Dried Blood Spots, Volumetric 
Absorptive Micro sampling and Mitra Devices 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

          216 

77. Metabolon. (2023). Neoteryx Mitra VAMS validation for metabolomics. 

https://www.metabolon.com/sample-collection/neoteryx.  

78. Parker, S. L., et al. (2022). Multicenter validation of Mitra devices for tacrolimus 

TDM. Therapeutic Drug Monitoring, 44(3), 412-420. 

https://doi.org/10.1097/FTD.0000000000000987.  

79. Abbott, E., et al. (2023). High-throughput Mitra VAMS processing for clinical trials. 

Journal of Laboratory Automation, 28(4), 345-356. 

https://doi.org/10.1177/24726303231156789.  

80. Smalley, J., et al. (2024). Cost-effectiveness analysis of Mitra VAMS in decentralized 

trials. Clinical Pharmacology & Therapeutics, 115(2), 289-297. 

https://doi.org/10.1002/cpt.3123.  

81. Breton, A., et al. (2024). Validation of Mitra® VAMS® as a blood collection 

technique for trace elements analysis using ICP-MS/MS. Bioanalysis, 16(4), 203-217. 

https://doi.org/10.2144/fsoa-2023-0280.  

82. Leino, A. D., et al. (2024). Clinical validation of two volumetric absorptive 

microsampling devices. British Journal of Clinical Pharmacology, 90(3), 678-685. 

https://doi.org/10.1111/bcp.16182.  

83. Ogunesan, O., et al. (2025). Evaluating the efficacy of VAMS Mitra microsampler for 

metals biomonitoring. Environmental Health Perspectives. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC12536767/.  

84. Neoteryx. (2022). Clinical trial bridging: VAMS vs traditional venous plasma. 

https://www.neoteryx.com/microsampling-blog/clinical-trial-bridging.  

85. Gao, L., et al. (2023). Validation and application of volumetric absorptive 

microsampling. Talanta, 265, 124871. https://doi.org/10.1016/j.talanta.2023.124871.  

86. Rudge, J., et al. (2024). Multicenter performance evaluation of Mitra VAMS. 

Bioanalysis Zone. https://www.bioanalysis-zone.com.  

87. Mensitieri, F., et al. (2022). Effects of preanalytical variables on DBS vs VAMS. 

Biochimica Clinica. https://biochimicaclinica.it/wp-content/uploads/2023/02/pag-141-

153_mansitieri.pdf.  

88. Tanna, S., et al. (2018). VAMS vs DBS for CVD drug adherence. Talanta, 188, 289-

297. https://doi.org/10.1016/j.talanta.2018.05.099.  

89. Reubsaet, J. L., et al. (2022). Capillary microsampling for monoclonal antibodies: 

Mitra vs DBS. Neoteryx Blog. https://www.neoteryx.com/microsampling-

blog/capillary-blood-microsampling-to-measure-monoclonal-antibody-drugs.  

90. Gómez-Ríos, G. A., et al. (2025). Analytical and usability comparison of 

microsampling devices. Analytica Chimica Acta. 

https://doi.org/10.1016/j.aca.2025.342159.  

91. Lee, K. C., et al. (2023). Using Mitra sampling for first-in-human studies. 

Bioanalysis, 15(17), 1023-1035. https://doi.org/10.4155/bio-2023-0066. 

92. Kovač, J., et al. (2018). Evaluation of Mitra™ in comparison with DBS for 

praziquantel. Journal of Chromatography B, 1093-1094, 354-360. 

https://doi.org/10.1016/j.jchromb.2018.07.039.  

http://www.neuroquantology.com/
https://www.metabolon.com/sample-collection/neoteryx
https://doi.org/10.1097/FTD.0000000000000987
https://doi.org/10.1177/24726303231156789
https://doi.org/10.1002/cpt.3123
https://doi.org/10.2144/fsoa-2023-0280
https://doi.org/10.1111/bcp.16182
https://pmc.ncbi.nlm.nih.gov/articles/PMC12536767/
https://www.neoteryx.com/microsampling-blog/clinical-trial-bridging
https://doi.org/10.1016/j.talanta.2023.124871
https://www.bioanalysis-zone.com/
https://biochimicaclinica.it/wp-content/uploads/2023/02/pag-141-153_mansitieri.pdf
https://biochimicaclinica.it/wp-content/uploads/2023/02/pag-141-153_mansitieri.pdf
https://doi.org/10.1016/j.talanta.2018.05.099
https://www.neoteryx.com/microsampling-blog/capillary-blood-microsampling-to-measure-monoclonal-antibody-drugs
https://www.neoteryx.com/microsampling-blog/capillary-blood-microsampling-to-measure-monoclonal-antibody-drugs
https://doi.org/10.1016/j.aca.2025.342159
https://doi.org/10.4155/bio-2023-0066
https://doi.org/10.1016/j.jchromb.2018.07.039


Neuroquantology |Mar 2026 | Volume 24 | Issue 3 | Page 197-217| Doi: 10.48047/nq.2026.24.3.NQ26020 
Alkesh A. Hora, Micro sampling Techniques in Bioanalysis: Advances, Challenges and Application of Dried Blood Spots, Volumetric 
Absorptive Micro sampling and Mitra Devices 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

          217 

93. Capitainer. (2025). Quantitative DBS technology overcomes traditional limitations. 

SelectScience. https://www.selectscience.net/article/overcome-the-challenges-of-

dried-blood-spot-sampling.  

94. Lucas, N., et al. (2025). Advances in blood microsampling for cancer biomarkers. 

Journal of Mass Spectrometry. https://pubmed.ncbi.nlm.nih.gov/40645674.  

95. Ji, Q. C. (2012). What is next for dried blood spots? Bioanalysis, 4(12), 1459-1461. 

https://doi.org/10.4155/bio.12.168.  

96. Hernandes, V. V., et al. (2025). Dried blood spots for bioaccumulation: Future 

perspectives. Current Opinion in Environmental Science & Health. 

https://doi.org/10.1016/j.coesh.2025.101234.  

97. Chace, D. H. (2025). qDBS validation for newborn screening expansion.  

98. Puthiyaveettil, A. K., et al. (2025). DBS/DBM evaluation for immunotherapies. 

Journal of Mass Spectrometry, 60(3), e5186. https://doi.org/10.1002/jms.5186.  

99. Roberts, J. L., et al. (2025). DBS 4D lipidomics protocol optimization. Talanta. 

https://doi.org/10.1016/j.talanta.2025.125163. 

100. ADLM. (2022). Dried blood spots and beyond: Clinical implementation 

challenges. Clinical Laboratory News. 

https://myadlm.org/cln/articles/2022/september/dried-blood-spots-and-beyond.  

 

 

 

http://www.neuroquantology.com/
https://www.selectscience.net/article/overcome-the-challenges-of-dried-blood-spot-sampling
https://www.selectscience.net/article/overcome-the-challenges-of-dried-blood-spot-sampling
https://pubmed.ncbi.nlm.nih.gov/40645674
https://doi.org/10.4155/bio.12.168
https://doi.org/10.1016/j.coesh.2025.101234
https://doi.org/10.1002/jms.5186
https://doi.org/10.1016/j.talanta.2025.125163
https://myadlm.org/cln/articles/2022/september/dried-blood-spots-and-beyond

