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Abstract: Therapeutic drug monitoring (TDM) of antiseizure medications (ASMs) represents a val- 18 
uable tool to establish an appropriate patient therapy, to collect important information about drugs’ 19 
interactions and to evaluate patient’s metabolic capabilities. In recent years, a new volumetric ab- 20 
sorptive microsampling technique using VAMS® technology and Mitra® devices, consisting of a 21 
sampling technique for the collection of fixed-volume capillary blood, was developed. These new 22 
devices provide a new home-sampling technique for whole blood that has been spread out to sim- 23 
plify sample collection from finger-pricks. This review is aimed to compare published articles con- 24 
cerning the application of VAMS® in epilepsy and to identify the strengths and improvement points 25 
for the TDM of antiseizure medications. VAMS® allowed a minimally invasive blood sampling even 26 
in the absence of trained personnel. Good stability data have indicated that storage and delivery 27 
can be facilitated only for specific ASMs. Trueness and precision parameters have been evaluated, 28 
and the hematocrit (HCT) effect was minimized. 29 

Keywords: Volumetric absorptive microsampling; therapeutic drug monitoring; bioanalysis; whole 30 
blood analysis; antiseizure medications; blood-to-plasma ratio 31 
 32 

1. Introduction 33 
Epilepsy is a chronic brain disease that affects approximately 50 million people 34 

worldwide. Etiology is very variable encompassing genetic forms, metabolic diseases, 35 
brain injuries etc. although an higher percentage of the disease remains with unknown 36 
causing agents. Epilepsy is characterized either by recurrent seizures or absences that 37 
arise from uncontrolled electrical discharges in different brain districts. Seizures involv- 38 
ing the whole body are known as generalized seizures while partial seizure refers to epi- 39 
sodes that affect only a single part of the patient’s body. Sometimes a patient may experi- 40 
ence a short loss of consciousness [1,2]. 41 

Seizures can be controlled, and the main treatments are antiseizure medications 42 
(ASMs). Antiseizure medications have complex pharmacokinetics (PK) and pharmacody- 43 
namics (PD), and they have shown high interindividual variations in dose–response rela- 44 
tionships. Moreover, for some ASMs (carbamazepine (CBZ), phenobarbital (PB), pheny- 45 
toin (PHT), and valproic acid (VPA)) narrow therapeutic indices were observed [3]. 46 
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Cytochrome P450 enzymes family metabolizes most of the ASMs in the liver and this may 64 
result in metabolic interactions among different ASMs and/or other concomitant drugs 65 
[4]. In order to assess these interactions and monitor ASM efficacy and toxicity, TDM is 66 
usually performed in patients with epilepsy. TDM is also useful to monitor patient com- 67 
pliance with a therapy that is often life-long. 68 

TDM may have a positive effect on the treatment, especially in vulnerable groups 69 
such as children, the elderly, and pregnant women [5,6]. Currently, TDM is a necessary 70 
tool for individualizing drug treatment and optimizing patient outcomes. In fact, by 71 
means of TDM, based on the patient’s outcome and the pharmacokinetic/pharmacody- 72 
namic properties of a drug, it is possible to optimize therapy in terms of both the effec- 73 
tiveness and the toxicity of the drug itself. Furthermore, TDM makes it possible to high- 74 
light both inter-individual variations in the dose–response relationship to a certain ASM 75 
as well as possible pharmacological interactions between different ASMs and/or other 76 
concomitant drugs. Many first-, second-, and third-generation ASMs display such inter- 77 
actions [4,7,8]. Only 70% of patients with epilepsy respond to treatment with one or two 78 
ASMs [9]. The remaining 30% require a more complex therapy based on the use of more 79 
than two ASMs and different drug combinations over time to achieve seizure control. Ob- 80 
viously, this polytreatment strategy can easily induce pharmacokinetic interactions, some 81 
of which are well known [3,4,10]. Moreover, the pharmacokinetic properties of ASMs are 82 
influenced by a large number of factors such as age-related decrease in the ability to me- 83 
tabolize the drug, individual genomic variability in metabolism, gender, lifestyle and di- 84 
etary habits, and comorbidities [4,7,10]. Therefore, and since dose–response relationships 85 
may change over time, TDM is the necessary tool to make ASM treatment highly patient- 86 
specific, even in the case of multi-drug treatments or polypharmacy. 87 

The most-used matrices for drug concentration quantification are blood, plasma, se- 88 
rum, cerebrospinal fluid (CSF), urine, and saliva. Among these, plasma and serum are 89 
normally used for ASMs concentration determination. These matrices have been obtained 90 
from venous blood (sample volume ranging from 500 µL to 5 mL); thus, blood sampling 91 
requires a collection by trained personnel for venipuncture procedure. In addition, veni- 92 
puncture presents other drawbacks: i) it is invasive sampling, ii) it requires specific storage 93 
conditions, and iii) large volumes of samples are required. All of these factors have led to 94 
the development of alternative sampling techniques that overcome the above-listed draw- 95 
backs and require less sample volume (< 50 µL). The use of microsampling, sample pre- 96 
treatment strategies, and the fact that high sensitivity modern instrumentation (LC–MS 97 
and LC–MS/MS) can be highly automated, makes this a practical strategy. Regarding mi- 98 
crosampling techniques, dried blood spot (DBS) is the most common. This sampling ap- 99 
proach is feasible, low-cost, and well documented, having been in use for over 50 years. 100 
In 1963, Guthrie and Susi [11] were the first to demonstrate the usefulness of a mi- 101 
crosampling technique. They used dried blood samples to detect phenylketonuria in a 102 
population of newborn infants by measuring phenylalanine concentrations in whole 103 
blood. This technique has been included as routine technique for the screening of newborn 104 
infants for diagnosis of metabolite disorders. 105 

Although DBS works well especially for semiquantitative measurements, there are 106 
two challenges with DBS. The first is the quality of the sample where it has been reported 107 
that insufficient spot quality led to poor results. The second reported challenge with DBS 108 
revolves around the hematocrit (HCT). The greater the percentage HCT the less the blood 109 
spreads on the DBS paper which then leads to positive biases in the data. A new and sim- 110 
ple approach to blood collection that includes all the advantages of DBS sampling but 111 
overcoming the aforementioned issues associated is represented by volumetric absorptive 112 
microsampling (brand name Mitra® devices and VAMS® technology; Neoteryx, Torrance, 113 
CA) [12,13]. Mitra® devices with VAMS® technology (Figure 1) consist of a plastic sampler, 114 
to which a polymeric, absorptive tip is connected, allowing the easy collection of a fixed 115 
volume of blood (10µL, 20 µL, or 30 µL) after finger prick by a lancet. The approach in- 116 
volves the absorption of a liquid sample onto a porous substrate by wicking, through 117 
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capillary forces, where the volume of sample absorbed is controlled by the properties and 125 
amount of substrate. Compared to traditional collection, VAMS® requires a small blood 126 
volume (from 10 to 30 µL), a less invasive procedure, reducing the risk of infection. Since 127 
the withdrawal can be made in the absence of qualified personnel, it allows for sample 128 
collection at home. Today, VAMS® may represent a very promising microsampling tech- 129 
nique (reviewed in [14–16]) (a complete list of published papers involving VAMS® use can 130 
be found in [17]). As discussed in ref [12] and [13] VAMS® are reliable tools for pharma- 131 
cokinetic and toxicokinetic studies. Protti et al. [18] have recently published a very useful 132 
tutorial on VAMS® use. In this paper are discussed all stages of VAMS® procedures com- 133 
prising the use starting from different matrices. Authors also discussed VAMS® applica- 134 
tions and the possibility to automate VAMS® analysis in the near future. Very recently, a 135 
paper from Harahap and colleagues [19] discusses the advantages and challenges that 136 
might be found in the use of VAMS® as an alternative sampling tool in clinical trials and 137 
TDM during the COVID-19 pandemic. 138 

The purpose of this review was to compare the recently reported VAMS® methods 139 
for quantifying a number of antiseizure medications including cannabis derivative canna- 140 
bidiol (CBD), focusing on sample preparation, stability, HCT effect, and plasma values 141 
correlation. The PubMed database has been checked with the following research entry: 142 
[therapeutic drug monitoring] AND [antiepileptic drugs] OR [cannabidiol] AND [Volu- 143 
metric Absorptive Microsampling] OR [capillary microsampling]. In the search strategy, 144 
the term [antiepileptic drugs] was preferred to ASMs because the last is not very common 145 
so far, although we believe it is more appropriate according with the paper from French 146 
JA et al. [20]. The antiseizure medications considered in this review are those illustrated 147 
in Table 1 and namely: brivaracetam (BRV), carbamazepine (CBZ), and its pharmacologi- 148 
cally active metabolite carbamazepine-epoxide (CBZ-E), ethosuximide (ETS), felbamate 149 
(FBM), gabapentin (GBP), lacosamide (LCM), lamotrigine (LTG), levetiracetam (LEV), ox- 150 
carbazepine (OXC), and its pharmacologically active metabolite 10-OH-monohy- 151 
droxycarbazepine (10-OHOXC), perampanel (PMP), phenytoin (PHT), phenobarbital 152 
(PB), pregabalin (PGB), primidone (PRM), rufinamide (RFN), topiramate (TPM), valproic 153 
acid (VPA), and zonisamide (ZNS). 154 

Cannabidiol was approved by the European Medicines Agency as additional treat- 155 
ment for Dravet syndrome and Lennox-Gastaut syndrome in July 2019 [21,22]. Usually, 156 
these severe forms of childhood refractory epilepsy are treated with clobazam. The intro- 157 
duction of CBD in managing these syndromes is, in our opinion, a new important step in 158 
the use of cannabis derivatives to treat epileptic syndromes and other diseases. Following 159 
this approval, CBD was also included in this review because i) its emerging role as ASM 160 
[22] and ii) the possibility of use of VAMS® in TDM of this drug [23–25]. 161 

Articles have been filtered for publication in the last five years. This search strategy 162 
retrieved six eligible publications. 163 

The applied eligibility criteria were: validation of a new bioanalytical methods for 164 
ASMs drug monitoring by mean of Volumetric Absorptive Microsampling (based on Mi- 165 
tra® devices with VAMS® technology), applied only to human patients. 166 

2. Volumetric Absorptive Microsampling Analysis Using VAMS® Technology 167 
Volumetric absorptive microsampling involves the absorption of a liquid sample 168 

onto a porous substrate by transpiration (illustrated in Figure 1). The Mitra® device with 169 
VAMS® technology is designed to be simple and ergonomic to use. Sample preparation 170 
took place always after a drying period of around 1–3 h. The procedure involves different 171 
steps. The sample preparation, the stability of the device and the HCT effect have been 172 
optimized and studied, and some examples were reported in the following paragraphs. 173 
VAMS® sampling in feasibility studies, such as those illustrated in this review, in most 174 
cases is performed by contacting the blood surface (avoiding full immersion), for a few 175 
seconds with the VAMS® tip, using a standard venous blood tube. To date, studies involv- 176 
ing actual sampling from the finger are still rare. Among those analyzed in this review, 177 
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only two studies make use of finger pricking or capillary blood for ASMs [24,26]. In 2019, 182 
Sciberras et al. [27] published a pharmacokinetic study of radiprodil oral suspension in 183 
healthy adults comparing conventional venous blood sampling with two microsampling 184 
techniques, comprising VAMS® technology. Radiprodil (UCB3491) is a new ASM that is 185 
currently under development. This drug acts on NMDA receptors as negative allosteric 186 
modulator. So far it has been used for treatment of infantile spasms (IS), a severe infantile 187 
seizure disorder, in which onset of seizures usually occurs within the first year of life. PK 188 
profile of radiprodil was analyzed either with conventional plasma measurement or 189 
VAMS® technique with comparable results. The authors stated that the possibility of using 190 
VAMS® technology microsampling would support future radiprodil pediatrics studies. 191 

 192 
Figure 1. Panel a) on the left, a Mitra® device before whole blood loading, on right a device already 193 
loaded with blood; panel b) loading capillary blood on Mitra® device. 194 

2.1. Sample Preparation 195 
Sample preparation usually takes place after a drying period of the Mitra® device 196 

(often at room temperature) ranging from 1 to 3 h, sometimes in the presence of a bag with 197 
desiccant. Velghe and co-workers [26] have described VAMS® and DBS microsampling 198 
for therapeutic drug monitoring of antiseizure medications in children with Nodding syn- 199 
drome and epilepsy. Nodding syndrome is a highly debilitating generalized seizure dis- 200 
order, usually affecting children between the ages of 5 and 15 in sub-regions of sub-Sa- 201 
haran Africa. The pharmaceutical treatment in patients with Nodding syndrome mainly 202 
include the first-generation antiseizure medications such as VPA, CBZ, PHT, and PB. The 203 
VAMS® procedure reported by Velghe et al. [26] involved the sample collection in the 204 
morning by mean of finger pricking, immediately before the first medication of the day. 205 
The samples once dried (approximately 2 h) were stored at –20°C. The Mitra® samples 206 
were then extracted in 100 µL of acetonitrile/water (80:20, v:/v) mixture, containing 5 mM 207 
ammonium acetate and deuterated internal standard. After shaking for 10 min at 60°C 208 
and centrifuged, supernatant was diluted with 5 mM ammonium acetate (1:1, v/v), before 209 
the LC–MS/MS analysis. Pigliasco et al. [24] adopted a similar strategy in order to monitor 210 
CBD in children affected by Lennox-Gastaut syndrome and Dravet syndrome. To ensure 211 
proper sampling, patient’s finger was disinfected prior pricking with a microneedle and 212 
then the first drop of mixed blood and interstitial fluid was removed. Only the second 213 
drop of blood was collected after placing in contact with the VAMS® tip of the Mitra® 214 
device. This strategy avoids diluting whole blood with interstitial fluids and must be con- 215 
sidered very carefully when planning TDM studies based on VAMS® sampling. 216 

Canisius et al. [28] have reported a clinical verification of volumetric absorptive mi- 217 
crosampling for therapeutic drug monitoring of anti-epileptic drugs. In this study, differ- 218 
ent ASMs (10-OHOXC, CBZ-E, CBZ, OXC, PRM, PHT, ETS, PB, GBP, TPM, VPA, LTG, 219 
PGB, LCM, LEV, and BRV) were determined in whole blood collected by VAMS®. Samples 220 
were prepared by dipping the Mitra® microsampler devices into the ASM-spiked whole 221 
blood. After sampling, the devices were dried for 2 h at room temperature (RT), and stored 222 
at RT unless specified otherwise. Extraction was performed adding a mixture of 54 µL of 223 
MilliQ-water with 40 µL of methanol working solution. After 45 min of shaker and 224 
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centrifuge, 25 µL of supernatant was diluted into 350 µL of water (for samples containing 225 
VPA, ETS, and PB 50 µL were diluted into 75 µL of water), before the LC–MS/MS analysis. 226 
Velghe et al. in their first study [29] adopted the same strategy on ASMs-spiked whole 227 
blood. 228 

D’Urso and colleagues [30] also have reported a new method to quantify 14 different 229 
antiseizure medications (LEV, LCM, ETS, RFN, ZNS, FBM, LTG, OXC, CBZ, PB, PRM, 230 
PHT, TPM, and PMP) and 2 active metabolites (10-OHOXC and CBZ-E) in samples col- 231 
lected by volumetric absorptive microsampling. Samples were collected by dipping only 232 
the lower part of the VAMS® tip of Mitra® device, in order to avoid oversampling, into 233 
whole blood in K3-EDTA containing tubes. Few seconds after the tip’s surface became 234 
entirely red, time necessary to ensure complete blood absorption; tips were removed and 235 
desiccated at least one hour at room temperature. Subsequently, dried tips were rehy- 236 
drated in a 96-well plate with 200 µL of LC-MS/MS grade water and 250 µL of acetonitrile 237 
containing deuterated internal standards were added. Samples were then extensively 238 
mixed in an orbital shaker for 30 min and then centrifuged in 1.5-mL polypropylene con- 239 
ical tube. Supernatants diluted with mobile phase were vortex mixed in a glass vial and 240 
then injected into the LC–MS/MS system. 241 

Velghe et al. [29] and D’Urso et al. [30] both highlight the need to avoid overfilling of 242 
the Mitra® devices not completely immersing the VAMS® tip into the blood. 243 

The sample preparation strategy described by Moorthy et al. [23] in their study in- 244 
volves drying the sample for 60 h at room temperature, in a special dryer with desiccant 245 
gel, covered with aluminum foil. Then samples are extracted with 250 µL of a mixture 246 
consisting of 0.1 M zinc sulfate, 0.1 M ammonium acetate and 0.1% formic acid in acetoni- 247 
trile. Samples were then vortex mixed, sonicated and finally centrifuged (4000 rpm) at 4 248 
°C for 15 min. The entire diluted supernatants (500 µL) were then transferred to a solid 249 
phase extraction (SPE) plate for sample cleanup before injection Supernatants diluted (1:1 250 
(v/v)) with water or mobile phase were injected in LC-MS/MS system. 251 

In the study from Pigliasco et al. [24] VAMS® samples were extracted with 200 µL 252 
methanol, sonicated and centrifuged. Extracted samples were then purified with an SPE 253 
online purification system. 254 

The common features among the reported studies are the intensive laboratory trial 255 
to set different screening assays to optimize the extraction conditions from VAMS® and 256 
the subsequent trial to set an appropriate analytical method. Often two or more organic 257 
solvents (i.e., methanol and acetonitrile) were tested in different combinations combined 258 
with different steps of re-hydration and/or sonication. 259 

All the validated and reported procedures involve the use of water and an organic 260 
solution as precipitating agent, and a shaking step that varies from 10 to 45 min or a son- 261 
ication treatment. In addition, very different extraction temperatures were investigated 262 
(data illustrated in Table 1). 263 

Common steps in sample preparation are: sample drying for an appropriate length 264 
of time (at least 2 h), extraction of drugs from tips polymer by the mean of rehydration 265 
combined with protein precipitation. Of particular significance, at least in our hands, was 266 
the rehydration step to ensure the minimum possible variability in extraction recovery. 267 
No further purification steps were needed, apart from a dilution in water or mobile phase 268 
in order to achieve a good and reproducible signal. Only studies on CBD monitoring, re- 269 
ported further purification steps, namely SPE plates [23] or SPE online [24]. 270 

All methods showed that the extraction recovery percentage values, met European 271 
Medicines Agency (EMA) guidelines [39] for method development. 272 

 273 
 274 
 275 

Table 1. Summary of investigated ASMs by mean of VAMS® technology, extraction methods and blood/plasma ratio. 276 Deleted: Ratio 277 
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Analyte 
VAMS® 
Volume Extraction Method 

Extraction 
Temperature Blood/Plasma Ratio (R) Ref. 

10-OH-oxcarbazepine 
(10-OHOXC) 10 µL PP RT 

RT 
1.1 
Nd 

[30] 
[28] 

Brivaracetam (BRV) 10 µL PP RT Nd [28] 

Cannabidiol (CBD) 
20 µL 
30 µL 

SPE 
PP + online purification 

RT 
RT 

0.696–0.827 
Nd 

[23] 
[24] 

Carbamazepine (CBZ) 10 µL PP 

22°C, 60 °C 
60 °C 

RT 
RT 

1.0 
1.21 
1.0 
Nd 

[29] 
[26] 
[30] 
[28] 

Carbamazepine-epoxide 
(CBZ-E) 10 µL PP 

22 °C, 60 °C 
RT 
RT 

Nd  
1.3 
Nd 

[29] 
[30] 
[28] 

Dihydroxy carbazepine 10 µL PP RT Nd [28] 

Ethosuximide (ETS) 10 µL PP 
RT 
RT 

1.1 
Nd 

[30] 
[28] 

Felbamate (FBM) 10 µL PP RT Nd [30] 
Gabapentin (GBP) 10 µL  RT Nd [28] 

Lacosamide (LCM) 10 µL PP RT 
RT 

1.0 
Nd 

[30] 
[28] 

Levetiracetam (LEV) 10 µL PP RT 
RT 

0.9 
Nd 

[30] 
[28] 

Lamotrigine (LTG) 10 µL PP RT 
RT 

1.4 
Nd 

[30] 
[28] 

Oxcarbazepine (OXC) 10 µL PP RT 
RT 

1.1 
Nd 

[30] 
[28] 

Phenobarbital (PB) 10 µL PP 

22 °C, 60 °C 
60 °C 

RT 
RT 

0.9 
0.93 
1.0 
Nd  

[29] 
[26] 
[30] 
[28] 

Phenytoin (PHT) 10 µL PP 
22 °C, 60 °C 

RT 
RT 

0.7 
1.1 
Nd 

[29] 
[30] 
[28] 

Perampanel (PMP) 10 µL PP RT 0.6 [30] 
Pregabalin (PGB) 10 µL  RT Nd [28] 

Primidone (PRM) 10 µL PP RT 
RT 

1.1 
Nd 

[30] 
[28] 

Rufinamide (RFN) 10 µL PP RT 1.5 [30] 

Topiramate (TPM) 10 µL PP 
RT 
RT 

1.5 
Nd 

[30] 
[28] 

Valproic acid (VPA) 10 µL PP 60 °C 
RT 

0.66 
Nd  

[26] 
[28] 

Zonisamide (ZNS) 10 µL PP RT 
22 °C, 60 °C 

2.7 
0.7 

[30] 
[29] 

PP: protein precipitation; SPE: solid phase extraction; RT: room temperature; Nd: not determined. 278 

2.2. Analytical Methods 279 
2.2.1. Traditional ASMs 280 

The four examined studies [26,28–30] all rely on ASMs detection by mean of triple 281 
quadrupole LC-MS/MS analysis with similar mobile phases and reversed phase C18 col- 282 
umns (see Table 2). Drugs were detected with electrospray ionization (ESI) or heated-elec- 283 
trospray ionization (H-ESI) ionization probe, either in positive or negative mode with 284 
comparable accuracy, precision, and recovery. Clinical method validation was carried out 285 
comparing data obtained from Mitra® devices equipped with VAMS® tips with routine 286 
methods on plasma/serum routinely used in respective laboratories. Canisius et al. [28] 287 
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and D’Urso et al. [30] compared results with already existing LC-MS/MS validated meth- 294 
ods while Velghe et al. [29] compared their results with serum concentrations obtained 295 
using chemiluminescent magnetic microparticle immunoassay technology (CMIA, Ab- 296 
bott Diagnostics). In every study, the bias from routine in-lab methods and VAMS® sam- 297 
ples was acceptable except for drugs with a blood/plasma partitioning ratios less or 298 
greater than 1. For more details, please see Section 2.5 entitled ‘Blood-to-plasma ratio’. 299 

2.2.2. Cannabidiol (CBD) 300 
The two reported studies [23,24] both rely on the use of a triple quadrupole LC- 301 

MS/MS instrumentation. The two studies differ in the use of ionization probes. For exam- 302 
ple, Moorthy et al. [23] used an instrument equipped with an ESI probe, whereas, Pigliasco 303 
et al. [24] preferred to use an Atmospheric Pressure Chemical Ionization (APCI) probe. 304 
Results are comparable and methods were both validated although only Pigliasco et al. 305 
referred to international guidelines on bioanalytical method validation [39,40]. Data com- 306 
parison was conducted against venipuncture-derived plasma values, obtained with a 307 
method developed previously by Pigliasco et al. [24] with addition of an on-line SPE pu- 308 
rification. Five patients were included in the clinical validation step. 309 

Moorthy et al. [23] developed a different strategy. Whole blood samples were spiked 310 
with different concentrations of CBD. The same sample was loaded on VAMS® tips and 311 
the remaining was centrifuged in order to obtain plasma with same drug concentration. 312 
Both were then analyzed by mean of the same LC-MS-MS method. One limitation of the 313 
study was that only one clinical pharmacokinetic curve (obtained from one volunteer), 314 
was reported. 315 

It is of interest to note that the analytical methods presented in the herein reported 316 
studies show a number of similarities to one another, for example all studies used LC- 317 
MS/MS and all with basic mobile phases. This demonstrates easy and feasible use of TDM 318 
for ASMs from extracts of VAMS® tips. Indeed LC-MS/MS instrumentation may be neces- 319 
sary for measuring extracts from VAMS® tips because of the improved sensitivity and 320 
specificity of this technique compared to other platforms such as immunoassay. Moreo- 321 
ver, the organic nature of solvents used for the extraction of samples does not allow the 322 
use of immunometric or colorimetric techniques without removal of the organic solvent. 323 
To adapt the use of this particular micro method to these techniques it would be necessary 324 
to develop other extraction methodologies. 325 

  326 
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Table 2. Summary of chromatographic conditions, ionization sources, and validation guidelines applied for LC-MS/MS 330 
method validation. 331 

Analytes Mobile Phase Ion Source Flow Rate 
(mL/min) 

Eluition 
Mode* 

Column Run Time Validation 
Guidelines 

Ref 

5 ASM 1 
A) 5 mM ammonium acetate; 

B) 5 mM ammonium acetate in 
acetonitrile/water (95/5, v/v) 

ESI	 1.4 Gradient 
(%B 20–98) 

Chromolith® RP-18 
endcapped 

(100 × 4.6 mm, 
particle size nd) 

4	min	
ESI-	method	

	
6	min	

ESI+	method 

EMA [39] 
FDA [40] 

[26] 
[29] 

16 ASM 2 A) 0.1% formic acid; 
B) acetonitrile/0.1% formic acid 

H-ESI 0.25–0.5 Gradient 
(%B 0–98) 

C18 Hypersil Gold 
(50 × 2.1 mm,  

1,9 µm particle size) 
10.3 min EMA [39] 

FDA [40] 
[30] 

16 ASM 3 
A) 10 µmol ammonium 

acetate/0.1 mM formic acid; 
B) 100% methanol  

ESI 0.4 Gradient 
(%B 40–95) 

Syncronis C18 
(50 × 2.1 mm;  

1.7 µm particle size) 
12 min In house 

validation 
[28] 

CBD 
A) 5 mM ammonium 

formate/0.05% formic acid; 
B) 100% acetonitrile 

ESI 0.4 
Gradient 

(%B 50–98) 

Waters Acquity UPLC 
HSS C18 

(100 × 2.1 mm;  
1.8 µm particle size) 

6 min 
In house 

validation [23] 

CBD 
A) 0.1% formic acid; 

B) acetonitrile/ 0.1% formic acid APCI 0.4 
Gradient 

(%B 50–100) 

Waters Acquity HSS T3 
(150 × 2.1 mm;  

1.8 µm particle size) 
7.5 min 

EMA [39] 
FDA [40] [24] 

Legend: 1), CBZ, CBZ-E, PHT, PB, and VPA; 2) 10-OHOXC, CBZ, CBZ-E, ETS, FBM, LCM, LEV, LTG, OXC, PB, PHT, 332 
PMP, PRM, RFN, TPM and ZNS; 3) 10-OHOXC, BRV, CBZ, CBZ-E, ETS, GBP, LCM, LEV, LTG, OXC, PB, PGB, PHT, PRM, 333 
TPM and VPA. ESI: Electrospray ionization; H-ESI: Heated-electrospray ionization; APCI: Atmospheric pressure chemi- 334 
cal ionization; nd: Information not available; *Elution gradients are expressed as the initial and final percentage of mobile 335 
phase B. 336 

2.3. Stability 337 
The effect of the stability of ASMs on VAMS® samples have been investigated by a 338 

number of groups across a range of temperatures (−60 °C, 37 °C, room temperature, 4 °C, 339 
–20 °C and −78 °C), and durations (1–60 days). The results indicated that time and tem- 340 
perature have different effects on specific ASMs and are summarized in Supplemental 341 
Material Table S1. 342 

Velghe and al. [29] reported that VPA, PB, PHT, CBZ, and CBZ-E, stored at temper- 343 
atures ranging from 4 to 60 °C for four days or one week, showed a percentage difference 344 
from fresh sample did not exceed ±15% except for the CBZ metabolite (CBZ-E). Indeed, 345 
when treated at 4 °C or –20 °C after 4 days and at 60 °C after one week the stability bias 346 
for the metabolite exceeded ±15%. Moreover, after one month, there was a worsening of 347 
stability for VPA at all temperatures. Changes in the stability of PB and CBZ-E were also 348 
reported at 60 °C. In another study, Velghe and colleagues [26] went one-step further, 349 
testing clinical samples collected in Uganda that were mailed to laboratories in Belgium 350 
and finally stored −20 °C. To assess stability, QC samples, stored at −20°, in zip-closure 351 
plastic bags containing desiccant gel, were examined after storage times ranging from 4 352 
to 31 days. QC samples with nine leftover hospital patient samples were also examined 353 
after 93 and 186 further days of storage. Concentration changes were within acceptable 354 
limits (±15%). 355 

Canisius et al. [28] concluded that their stability study enabled an accurate detection 356 
of a wide variety of ASMs from VAMS® extracts within 2 days post sampling. However, 357 
they also reported that ETS, LTG, OXC, PB, PHT, PGB, and PRM appeared to suffer neg- 358 
ative biases as a result of a lack of temperature control, showing a loss of more than 15% 359 
in concentration when exposed at room temperature for 1, 2, 3, and 7 days. In particular, 360 
OXC seems completely degraded after 7 days. There was instead an improvement of sta- 361 
bility when the VAMS® samples were stored at –20 °C for 1 and 7 days: a decrease of 362 
degradation was observed for LTG and PHT but still less than –15% of percentage differ- 363 
ence from day 1. This demonstrates a clear improvement of stability on dried VAMS® 364 
compared to liquid blood, observed when samples were stored at 37 °C for 2 and 48 h 365 
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where all differences from day 1 are within ±15%. These data were partially in accordance 374 
with D’Urso et al. [30] where all compounds tested on VAMS®, stored at –20 °C, 4 °C, 10 375 
°C, and 37 °C for 10 days, were within ±15%. 376 

Stability studies have thus suggested that ASMs on VAMS® were stable until one 377 
week at controlled temperature, allowing the potential implementation of VAMS® assays 378 
from remotely collected samples. However, it is necessary to carry out a further stability 379 
investigation for some specific compounds, such as OXC focusing on the effect of the 380 
physico-chemical properties of both the drug and microsampler surface. 381 

Moorthy et al. [23] tested VAMS® tips under very different time/temperature combi- 382 
nations (summarized in Table S1). The authors found an acceptable stability for CBD at 383 
temperatures below 0 °C, in the autosampler at 10 °C for 24 h and for QC samples stored 384 
for 1 week sealed in a dedicated environment. An acceptable stability was also demon- 385 
strated also for post-extracted samples when stored at −80 °C. 386 

Pigliasco et al. [24] also studied the stability of CBD on Mitra® devices at 1 and 4 387 
weeks at two different temperatures (−20 °C and 25 °C) with satisfactory results at a range 388 
of concentrations. In fact, the reported variation of accuracy and CV varied between 90– 389 
99% and between 3–8% respectively. 390 

The stability studies have shown that Mitra® devices with VAMS® tips allow the ex- 391 
change and storage of ASMs samples between the patient and the laboratory, even over 392 
long distances and/or over longer periods, within acceptable stability limits. For this rea- 393 
son, the aforementioned stability studies were of the utmost importance, to demonstrate 394 
future implementation of robust assays from remotely collected samples. 395 

Data collected in the studies reviewed in this paper, clearly demonstrate that Mitra® 396 
devices with VAMS® tips meet this need in both experimental and real-life settings. The 397 
stability of OXC remains a matter of debate and further studies will certainly be necessary, 398 
possibly on large numbers of real finger pricking samples. However, OXC, although phar- 399 
macologically active, is the pro-drug of 10-OHOXC, as it is rapidly metabolized to the 400 
active metabolite of OXC. Usually, OXC concentration is very low or not detectable in 401 
patients’ plasma. Therefore, most laboratories do not measure OXC routinely. 402 

2.4. Hematocrit Effect 403 
One of the main advantages of VAMS® is that accurate volumes of blood can be col- 404 

lected independent of HCT values. To measure the HCT range a comparison of peak areas 405 
of a compound(s) spiked into blood samples with a range of HCTs values (typically 25– 406 
65%). The percentage recovery of these samples is compared to corresponding blank 407 
blood samples extracted under the same conditions with standards spiked in post extrac- 408 
tion. 409 

D’Urso et al. [30] observed absence of a significant HCT bias across all drugs and 410 
HCT levels (35%, 45%, and 55%) tested. Similar results were collected by Velghe and co- 411 
workers [29], that investigated a wider range of HCT values (21, 42, 52, and 65%). It was 412 
observed that even when high HCT values seem to correspond to a lower recovery, there 413 
are not statistically significant differences between the different HCTs, except for the re- 414 
covery of VPA at 62% HCT compared to 42% in samples prepared by pipetting 10µL onto 415 
the samplers. In the more recent study, Velghe et al. [26] excluded HCT effect on the ob- 416 
served median HCT level of 38.1% (range 20.9–47.9%) of their patients (data shown in 417 
Supplemental Digital Content 1, http://links.lww.com/TDM/A381). 418 

Canisius et al. [28] evaluated HCT effect by calculating the percentage of deviation 419 
recovery against HCT values: HCT value varied from 30% to 55% and more than 90% of 420 
measurements were within 15% of deviation (OXC was excluded). Finally, the HCT effect 421 
was not investigated by Pigliasco, F et al. [24] assuming from previous studies that VAMS® 422 
TDM is not influenced by this bias. 423 

Moorthy et al. [23] evaluated the impact of three HCT levels (20.5, 39.9, and 67.2%) 424 
on the quantitation of CBD. CBD had a matrix effect of 100–108%, across two concentra- 425 
tion levels thus demonstrating that CBD had optimal recovery and minimal matrix effect 426 
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following extraction from Mitra® devices with VAMS® tips employing the described 433 
method. 434 

As discussed earlier, Mitra® devices with VAMS® tips have been developed to solve 435 
spot area mediated HCT biases seen from DBS post punch extractions. Therefore, the ex- 436 
clusion of a HCT effect represents a crucial point of these method validations because if 437 
the contribution of the HCT is considered null or limited, a validation of robust assays 438 
across a range of HCTs is possible. Indeed, all studies reviewed within, clearly show HCT 439 
independent assays on Mitra® devices with VAMS® tips for measurement of ASM concen- 440 
trations in whole blood over a wide HCT range is possible. 441 

2.5. Blood-to-Plasma Ratio 442 
VAMS® concentrations were compared with serum/plasma concentrations. Velghe 443 

and Stove [29] revealed that blood-to-plasma ratio (R) of VPA, PB, PHT, and CBZ were in 444 
line with published data, despite the small number of measures obtained; D’Urso et al. 445 
[30] confirmed the results for PB and CBZ but obtained a different result for PHT (R ≈ 1.1), 446 
similar with Tamura et al. [31]. D’Urso et al. also measured blood-to-plasma ratio for sev- 447 
eral antiseizure medications separating those with ratio around 1 from those with ratio 448 
different than 1 as evidence of the different capability of binding to red blood cells (RBC). 449 
As an example, in this study authors found R = 2.7 ± 0.8 for ZNS reflecting the fact that 450 
ZNS is well known to bind substantially to RBC [32,33]. R > 1 was documented also for 451 
TPM, LTG, and CBZ-E with R-values similar at those reported previously [34–37]. It is 452 
already known from a study published from Patsalos P.N. [38] on PMP PK using radio- 453 
labeled drug that PMP has a blood/plasma ratio covering a range from 0.55 to 0.59, as 454 
expected for drugs with a very high plasma protein binding (>95%). In their study D’Urso 455 
et al. [30] found R = 0.6 ± 0.1 for PMP, very similar to the reported values. 456 

As discussed in Section 2.1 Velghe et al. [26] had published an article as application 457 
of previously validated method, measuring the levels of VPA, PB, and CBZ in patients 458 
with Nodding syndrome, from Uganda and Democratic Republic of the Congo, compar- 459 
ing also VAMS® with dried blood spots (DBS). This study confirmed the blood-to-plasma 460 
ratios already published but with some differences between the method for VAMS® meas- 461 
ure and DBS and serum concentration. Authors also advice that the analytical method 462 
must be taken in account (immunoassay vs. LC-MS/MS). Velghe and colleagues, compar- 463 
ing DBS and VAMS® samples, reported a lower variability in incurred sample reanalysis 464 
test for DBS. The authors found an overestimation of VAMS® concentrations compared 465 
with DBS concentrations that most relevant especially for samples containing PB. 466 

Canisius et al. [28] did not investigate blood-to-plasma ratio. 467 
Regarding CBD, only Moorthy and colleagues [23] reported data on this issue. These 468 

authors studied CBD partitioning in both extracted plasma and Mitra® devices with 469 
VAMS®. R-values measured in plasma ranged from 0.714 to 0.775, showing a good corre- 470 
lation with that found measuring R on Mitra® devices with VAMS® as the reported R for 471 
VAMS® ranged from 0.696 to 0.827. 472 

Data on blood/plasma ratio are discussed in more detail in Section 3, Discussion. 473 

Table 3. Cons and pros for the VAMS® procedure. 474 

Drugs Cons Pro Author 

5 ASMs 1 
Leftovers samples 

Few samples for B/P ratio 
Correlation with immunoassay 

Fully validated 
HCT effect investigated  [29] 

16 ASMs 2 Leftover samples 
Venous blood 

Number of samples 
Fully validated 

B/P ratio investigated 
HCT effect investigated 

 [30] 

16 ASMs 3 
Blood and VAMS® methods not fully validated 

HCT indirectly evaluated 
B/P ratio not defined 

Number of samples  [28] 
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3 ASMs 4 
B/P ratio calculated with immunoassay 

HCT not evaluated 
Difficult Storage 

Finger pricking 
Number of patients 

Capillary blood 
 [26] 

CBD 
Number of patients 
HCT not evaluated 

B/P ratio not defined 

Fully validated 
Finger pricking  
Capillary blood  

 [24] 

CBD Spiked or leftover samples 
Fully validated 

HCT effect investigated  
B/P ratio investigated 

 [23] 

Legend: 1) CBZ, CBZ-E, PHT, PB and VPA; 2) 10-OHOXC, CBZ, CBZ-E, ETS, FBM, LCM, LEV, LTG, OXC, PB, PHT, PMP, 488 
PRM, RFN, TPM and ZNS; 3) 10-OHOXC, BRV, CBZ, CBZ-E, ETS, GBP, LCM, LEV, LTG, OXC, PB, PGB, PHT, PRM, TPM 489 
and VPA; 4) CBZ, PB and VPA. 490 

3. Discussion 491 
The new microsampling technique named Mitra® devices with VAMS® technology, 492 

characterized by the ability of collecting fixed-volume capillary blood has been exten- 493 
sively tested for ASMs TDM with good results, for most of the drugs tested. 494 

In the six studies included in this review only three [24,29,30] present data on a full 495 
method validation according European Medicine Agency (EMA) and Food and Drug Ad- 496 
ministration (FDA) guidelines [39,40], the other representing an application of conven- 497 
tional method for plasma or serum. All presented analytical methods are within limits 498 
acceptability. 499 

Stability tests were performed from all authors, obtaining useful considerations for 500 
real-life shipping and storage. Of interest is the study of Velghe and colleagues [26] in 501 
which storage and transport of real samples of finger pricking samples, between very dis- 502 
tant places, were simultaneously examined. 503 

HCT effect was investigated, mainly by Velghe [29], D’Urso et al. [30], and by Moor- 504 
thy et al. [23]. Canisius et al. [28] studied the impact of HCT value as the deviation from 505 
recovery extraction; on the other hand, it represents the application with the largest num- 506 
ber of patients and therefore provides useful information about VAMS® usage. 507 

The results of blood-to-plasma ratio offer important consideration on the reference 508 
values in blood, if available, and on the correct construction of the calibration curves. This 509 
critical issue has been investigated in a recent paper by Vincze et al. [41]. Authors per- 510 
formed multiplex analysis (of 14 different drugs) starting from VAMS® devices using cal- 511 
ibrators and controls, either in liquid or dried serum or whole blood, with good perfor- 512 
mances. For those laboratories that are planning to use VAMS® technology, this study is 513 
important because it clearly shows that dried serum calibrators allow existing TDM meth- 514 
ods, avoiding the need of preparing homemade whole blood calibrators and controls, and 515 
hence reducing laboratory burden with higher accuracy and precision. 516 

It is our opinion that VAMS® can be an excellent tool to study the distribution of a 517 
drug between plasma and red blood cells, providing an additional tool for pharmacoki- 518 
netics and TDM studies especially in clinical or in trial settings. A clear demonstration of 519 
this fact arises from studies included in the present review and from previous studies, as 520 
the one published by Kita and Mano in 2017 [42] on tacrolimus RBC/plasma drug parti- 521 
tioning. However, we must emphasize that before these particular devices can be used for 522 
this kind of study, a much larger amount of data will need to be collected to allow for a 523 
more accurate determination of whole blood/plasma ratios for the different ASMs. More- 524 
over, for those ASMs where the blood/plasma ratio deviates from 1, a correction factor is 525 
needed to calculate a plasma concentration equivalent. We suggest that each laboratory 526 
with extensive experience in the TDM of ASMs should derive R-values, obtained from 527 
their in-house analytical method, on large numbers of samples, so that a consensus on 528 
conversion factors can be reached in the future. However, this approach does not preclude 529 
that for ASMs with highly variable R, such as TPM and ZNS, it may be difficult to achieve 530 
this goal. 531 
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Only two methods refer to capillary blood collected from finger pricks, while the 542 
others are based on venous blood collected by dipping into EDTA tube; this could cause 543 
a bias due to intrinsic differences between capillary and systemic blood. Moreover, the 544 
differences between analytical methods based on plasma/serum samples or whole blood 545 
should be taken into account, especially when immunometric methods are applied for the 546 
comparison (Table 3). 547 

One other observation that has been seen with blood-to-plasma partitioning is that it 548 
can be concentration- and time-dependent. Chris Bailey and co-workers [43] published a 549 
model in 2020 which describes the influence of blood-to-plasma ratio and percent HCT on 550 
analyte concentrations in whole blood. In doing so, they derived an equation to try to scale 551 
more accurately data from whole blood compared to plasma. When they tested their equa- 552 
tion, they observed that post scaling, the differences in PK endpoints for a specific analyte 553 
tested were much reduced. This then allowed them to demonstrate a PK bridge with the 554 
analyte they tested between the matrices they investigated (including plasma and dried 555 
blood). In addition, concentration and time from intake effect on TPM blood-to-plasma 556 
partitioning was earlier highlighted by Shank et coll. [34] and further discussed in the 557 
work of D’Urso et al. [30]. 558 

These devices must be considered also with regard to their cost and costs related to 559 
their use, including costs for staff training and transport/storage. Today costs may be 560 
higher to that related to conventional venipuncture, thus reflecting the fact that Mitra® 561 
devices with VAMS®, so fare, are not widespread in clinical practice and, their production 562 
is still low, compared to devices needed for other sampling techniques. 563 

During 2019 the International Association for Therapeutic Drug Monitoring and 564 
Clinical Toxicology (IATDMCT) [44] published an official guideline to give clear indica- 565 
tions on how use dried blood spot (DBS) and other microsampling devices (including vol- 566 
umetric absorptive microsampling devices) for TDM and for purposes other than TDM. 567 
This guideline defines the parameters necessary for the validation of quantitative DBS- 568 
based methods. 569 

The recommendations contained in this guideline arise from the critical analysis of 570 
already published indications such those on bioanalytical method validation guidelines 571 
issued by EMA and FDA [39,40] the guideline for measurement procedure comparison 572 
provided by the Clinical and Laboratory Standards Institute (CLSI) [45] and other papers 573 
focused on methods specifically developed for analysis based on dried matrix [46–49]. The 574 
principal focus of this guideline is to harmonize dried sampling techniques and subse- 575 
quent chromatographic techniques for TDM purposes. A section of the same guideline is 576 
dedicated also to the analysis of samples obtained through volumetric absorptive mi- 577 
crosampling based on VAMS® technology. The application of microsampling for purpose 578 
other than TDM is also investigated. 579 

The validation section compares the analytical validation and the clinical validation 580 
assessing the need of demonstrating equivalence between DBS-based (or other mi- 581 
crosampling devices based on dried blood) results and results obtained in the classical 582 
matrix. In addition, guidance is given on the application of validated methods in a routine 583 
context. 584 

A final consideration that must keep in mind is that sampling with Mitra® devices 585 
with VAMS® may be performed at home, at the patient’s convenience, and then may be 586 
sent by mail. This may represent a further step toward healthcare democratization, as de- 587 
scribed by Neumaier M and Watson I.D. [50], and towards the transformation of the con- 588 
cept of “therapeutic drug monitoring” into the more appropriate “therapeutic drug man- 589 
agement”, aimed at an ever-greater possibility of personalized medicine. 590 

4. Conclusions 591 
Volumetric Absorptive Microsampling using Mitra® devices based on VAMS® tech- 592 

nology is bringing a revolution in the sampling, pre-treatment, and analysis of biological 593 
fluids, especially regarding pharmacokinetic and toxicological studies. 594 
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In addition, VAMS® has proved less invasive and therefore is helping in therapeutic 610 
drugs monitoring by increasing subject recruitment and retention. 611 

Despite all the advantages already demonstrated, other points (analyte stability, re- 612 
peated analysis, correlation between plasma and blood concentrations) need to be clari- 613 
fied before the technique will be accepted as a routine bioanalytical procedure. This ap- 614 
proach could be adopted as the sampling method of choice in several areas, not only for 615 
drug monitoring, but also for toxicokinetic and clinical studies, as well as other fields such 616 
as forensics purpose. Further studies are needed to validate this sampling method on real 617 
patient finger/heel pricking and to assess the clinical usefulness of the new sampling 618 
method. 619 

Supplementary Materials: Table S1: summary of stability studies 620 
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