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Introduction
Over the last decade, DBS analysis has gained popularity 
for TDM because it’s a patient friendly sampling proce-
dure [1-4]. Additional advantages are prolonged sample 
stability, lower risk of  infections and transportation at 
ambient temperature [1-3,5]. These advantages may fa-
cilitate implementation of  TDM in different clinical set-
tings including resource limited areas. Patients will bene-
fit from DBS analysis but the analytical development and 
validation of  DBS methods is more complex compared 
to plasma or serum analysis. 
Additional validation parameters, like the effect of  the 
hematocrit (HT) and blood spot volume need to be eval-
uated. Drug substances may also interact with the blood 
matrix or with the DBS card, resulting in matrix related 
recovery effects. Unfortunately, official guidelines for val-
idation of  DBS are not available yet.  However, in recent 
literature, several interesting issues related to analytical 
DBS research have been discussed [1,6-12]. Ongoing re-
search and improved understanding of  the factors that 
influence DBS analysis results will ultimately result in 
well-founded guidelines for DBS analytical method val-
idation. This would be very helpful for daily practice but 
would also benefit patient safety because uniformity in 
method validation prevents potential pitfalls during val-
idation or method development and increase credibility 
of  assay results. 
Our aim is to discuss some relevant topics related to DBS 

development prior to development of  future guidelines 
on DBS development and validation.

The  influence  of  blood   hematocrit  value  on  an-
alytical  results.
It is well known that the HT may affect analytical results. 
The blood HT affects the blood viscosity and that in turn 
influences the formation of  a blood spot, which affects 
the analytical results. The preparation of  the target HT 
values for standards and quality control samples is of  
great importance and a recent study has shown that the 
best result was obtained by centrifuging blood, followed 
by removal or addition of  a calculated volume of  plasma 
to adjust the HT [7]. However, it is advised to let the 
prepared HT be measured in order to confirm the cor-
rect preparation. In addition, extraction efficiency may 
also be influenced by the HT and concentration of  the 
substance. It is important to investigate these influences 
before the analytical procedure can be implemented in 
routine patient care [13]. In daily practice, correction of  
analytical results for the HT value using a linear HT cor-
rection method is simple but may not always correct for 
all HT effects. In that case, a point-to-point relationship 
between recovery, HT and concentration may be more 
feasible. Recently, a DBS method for the determination 
of  the HT by potassium measurement was published 
[14]. However, most likely a second spot is required for 
the potassium measurement using an immunoanalyzer. 
This implies a significant amount of  work for the devel-
opment and measurement of  the HT value and subse-
quently for setting up the correction formula. When no 
HT correction is applied, the method validation should 
include a range that covers substance concentration and 
a HT of  the target population with the analytical re-
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sults within acceptable limits. The approach of  whole 
spot analysis or pre-cut disks will show no effects of  
the HT on the spot formation [15-18]. However, if  ex-
traction efficiency is affected by HT and concentration 
of  the substance, this effect cannot be compensated. In 
addition, the main advantage of  a procedure for partial 
spot DBS analysis is the ease of  self-sampling for the 
patient, which is more complicated and more prone to 
sampling errors when exact blood volumes have to be 
applied. However, if  a health care professional is per-
forming the dried blood spot procedure and extraction 
efficiencies are stable, a whole spot analysis or pre-
cut disks can be of  advantage to avoid the HT effect. 

The influence of  the matrix on DBS recovery
Some substances may be difficult to extract from the 
spotting card matrix or they may form complexes with 
the endogenous components present in the DBS matrix 
[8, 9]. The extraction efficiency may be influenced by dif-
ferent aspects like nature of  the DBS material, extraction 
conditions, HT and concentration of  the substance.
Although most analytical DBS procedures may (appar-
ently) show no interaction of  the analyte with the blood 
in the DBS card or with the DBS card matrix itself, some 
studies showed an altered analytical response. The re-
searcher should be aware of  these possible interactions 
in order to acknowledge them in an early stage of  the 
analytical method development. For example, iron from 
the blood interacts with rifampicin to form a complex 
[8]. Addition of  both deferoxamine and ethylenedi-
aminetetraacetic acid (EDTA) to the extraction solu-
tion was applied to form a complex with the iron and 
recovery of  rifampicin in the DBS extraction increased 
to approximately 100% [8]. Another study showed that 
the combination of  low HT and high drug concentration 
does not only affect the spot size but also negatively af-
fects the extraction recoveries [9]. An increased number 
of  hydrogen bond acceptors was associated with more 
affinity to form hydrogen bonds with the cellulose of  the 
DBS card, making the extraction less efficient. 

Sample dilution in DBS analysis
When DBS analysis is performed for the measurement 
of  trough levels, a sufficient linear range can easily be 
validated. For the analysis of  pharmacokinetic curves, the 
linear range should be large enough or a dilution protocol 
should be validated. Various types of  dilution protocols 
can be validated. The DBS extract can be diluted with ex-
traction solvent or blank extract. With this approach, the 
dilution can be performed after the concentration is mea-
sured above the linear range. The DBS can be extracted 

with a larger extraction volume, or a smaller diameter can 
be punched and extracted with the original extraction 
volume. However, for both approaches, the concentra-
tion should be expected to be above the linear range be-
forehand. Including a smaller punch diameter in addition 
to the standard punch size during validation could also be 
an option for spots that would otherwise be too small for 
analysis and would be rejected. 

Measuring endogenous substances with DBS
In order to make DBS analysis even more patient friend-
ly, the analysis of  multiple substances in a single DBS 
extract would be preferred. This could include exoge-
nous and endogenous substances, like for example the 
additional analysis of  creatinine. For the measurement 
of  endogenous substances in DBS, the preparation of  
calibration standards and quality control samples pose a 
challenge, because it is impossible to obtain an analyte 
free matrix without changing the matrix itself. Changing 
the matrix by washing the red blood cells will have sig-
nificant effects on the formation of  the blood spot and 
gives possible other interactions with the blood matrix 
and DBS card.
A recent publication describing the validation of  creat-
inine in DBS addressed this issue by using three differ-
ent validation strategies; a 7-point calibration curve using 
the intercept of  the calibration to correct for the natural 
presence of  the creatinine in reference samples; a one 
point calibration curve at an extremely high concentra-
tion in order to diminish the contribution of  the natural 
presence of  creatinine and the use of  creatinine-[2H3] 
with an eight-point calibration curve [19]. 

Analytical vs clinical validation
In order to implement DBS analysis in daily practice, 
clinical validation studies need to be performed cap-
turing the variability that was not included during ana-
lytical validation. During clinical validation the overall 
results from the DBS procedure should be compared 
with conventional sampling. Till today no consensus 
has been reached for the number of  patients to in-
clude in a clinical validation. Numbers of  10 to 50 
have been mentioned in literature. Appropriate statisti-
cal tests should be used to compare results from DBS 
analysis and conventional blood sampling. To date, the 
most applied tests are Bland Altman analysis, Deming 
regression and Passing and Bablok regression [20-22].
Foreseeing daily routine, it seems important to have strict 
criteria considering the punching procedure (full and par-
tial spot analysis) and type of  DBS card, because these 
differences require a full validation during analytical de-
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velopment. In addition, assessment of  sample stability 
during ‘real life’ storage and shipment of  samples, could 
be evaluated by sending QC samples to the sampling 
environment for execution of  the routine procedures 
followed by re-sending the QC samples to the reference 
lab.  For best implementation of  the procedures, person-
al DBS sampling instructions should be performed and 
they should be available in a flyer and a video. 

To summarize 
The DBS analytical procedures are influenced by param-
eters like concentration range, HT value, matrix interac-
tions and patient population. Consequently, the valida-
tion parameters should be adjusted to the specific patient 
population. The HT can be set at the mean HT of  the pa-
tient population and prepared appropriately as discussed 
before. QC samples can be set at therapeutic concentra-
tions for trough levels and are used to assess the HT effect 
and recovery.  The more restricted framework of  param-
eters may show far less effects of  the HT and the com-
bination of  HT and concentration dependent recovery. 
The approach of  the restricted framework may make the 
analysis of  an extra DBS for HT assessment unnecessary 
and will create a more efficient workflow in the laboratory.
The use of  DBS for TDM is very promising, but there 
are several additional parameters compared to plasma 
analysis that should not to be underestimated and need 
to be considered before performing patient analyses. 
To conclude, the gained knowledge for analytical DBS 
development and validation has certainly evolved to a 
higher level but has not yet reached its final stage. An 
official guideline developed by scientific societies which 
is periodically updated would be useful for the field of  
DBS analysis. 

References
1. 	 Wilhelm AJ, den Burger JC, Swart EL. Therapeutic 

Drug Monitoring by Dried Blood Spot: Progress to 
Date and Future Directions. Clin. Pharmacokinet. 
53(11), 967-973 (2014). 

2. 	 Demirev PA. Dried blood spots: analysis and appli-
cations. Anal. Chem. 85(2), 779-789 (2013). 

3. 	 Edelbroek PM, van der Heijden J, Stolk LM. Dried 
blood spot methods in therapeutic drug monitor-
ing: methods, assays, and pitfalls. Ther. Drug Monit. 
31(3), 327-336 (2009). 

4. 	 Hofman S, Bolhuis MS, Koster RA et al. Role of  
therapeutic drug monitoring in pulmonary infec-
tions: use and potential for expanded use of  dried 
blood spot samples. Bioanalysis. 7(4), 481-495 
(2015). 

5. 	 Vu DH, Alffenaar JW, Edelbroek PM, Brouwers JR, 
Uges DR. Dried blood spots: a new tool for tuber-
culosis treatment optimization. Curr. Pharm. Des. 
17(27), 2931-2939 (2011). 

6. 	 Jager NG, Rosing H, Schellens JH, Beijnen JH. Pro-
cedures and practices for the validation of  bioan-
alytical methods using dried blood spots: a review. 
Bioanalysis. 6(18), 2481-2514 (2014). 

7. 	 Koster RA, Alffenaar JW, Botma R et al. What is 
the right blood hematocrit preparation procedure 
for standards and quality control samples for dried 
blood spot analysis?. Bioanalysis. 7(3), 345-351 
(2015). 

8. 	 Vu DH, Koster RA, Bolhuis MS et al. Simultane-
ous determination of  rifampicin, clarithromycin and 
their metabolites in dried blood spots using LC-MS/
MS. Talanta. 121, 9-17 (2014). 

9. 	 Koster RA, Alffenaar JW, Greijdanus B, Uges DR. 
Fast LC-MS/MS analysis of  tacrolimus, sirolimus, 
everolimus and cyclosporin A in dried blood spots 
and the influence of  the hematocrit and immuno-
suppressant concentration on recovery. Talanta. 
115, 47-54 (2013). 

10. 	 Zheng N, Yuan L, Ji QC et al. “Center punch” and 
“whole spot” bioanalysis of  apixaban in human 
dried blood spot samples by UHPLC-MS/MS. J. 
Chromatogr. B. Analyt Technol. Biomed. Life. Sci. 
988C, 66-74 (2015). 

11. 	 den Burger JC, Wilhelm AJ, Chahbouni AC, Vos 
RM, Sinjewel A, Swart EL. Haematocrit corrected 
analysis of  creatinine in dried blood spots through 
potassium measurement. Anal. Bioanal Chem. 
407(2), 621-627 (2015). 

12. 	 Robijns K, Koster RA, Touw DJ. Therapeutic drug 
monitoring by dried blood spot: progress to date 
and future directions. Clin. Pharmacokinet. 53(11), 
1053 (2014). 

13. 	 Timmerman P, White S, Globig S, Ludtke S, Brunet 
L, Smeraglia J. EBF recommendation on the valida-
tion of  bioanalytical methods for dried blood spots. 
Bioanalysis. 3(14), 1567-1575 (2011). 

14. 	 Capiau S, Stove VV, Lambert WE, Stove CP. Predic-
tion of  the hematocrit of  dried blood spots via po-
tassium measurement on a routine clinical chemistry 
analyzer. Anal. Chem. 85(1), 404-410 (2013). 

15. 	 Meesters RJ, Zhang J, van Huizen NA, Hooff  GP, 
Gruters RA, Luider TM. Dried matrix on paper 
disks: the next generation DBS microsampling tech-
nique for managing the hematocrit effect in DBS 
analysis. Bioanalysis. 4(16), 2027-2035 (2012). 

16. 	 Rincon JP, Meesters RJ. Evaluation of  peripheral 

40

KOSTER RA									         J. APPL. BIOANAL



KOSTER RA									         J. APPL. BIOANAL

41

blood microsampling techniques in combination 
with liquid chromatography-high resolution mass 
spectrometry for the determination of  drug phar-
macokinetics in clinical studies. Drug Test. Anal. 
6(6), 568-577 (2014). 

17. 	 Youhnovski N, Bergeron A, Furtado M, Garofolo F. 
Pre-cut dried blood spot (PCDBS): an alternative to 
dried blood spot (DBS) technique to overcome he-
matocrit impact. Rapid Commun. Mass Spectrom. 
25(19), 2951-2958 (2011). 

18. 	 Li F, Zulkoski J, Fast D, Michael S. Perforated dried 
blood spots: a novel format for accurate microsam-
pling. Bioanalysis. 3(20), 2321-2333 (2011). 

19. 	 Koster RA, Greijdanus B, Alffenaar JW, Touw DJ. 
Dried blood spot analysis of  creatinine with LC-
MS/MS in addition to immunosuppressants analy-
sis. Anal. Bioanal Chem. 407(6), 1585-1594 (2015). 

20. 	 Passing H, Bablok. A new biometrical procedure 
for testing the equality of  measurements from two 
different analytical methods. Application of  linear 
regression procedures for method comparison stud-
ies in clinical chemistry, Part I. J. Clin. Chem. Clin. 
Biochem. 21(11), 709-720 (1983). 

21. 	 Passing H, Bablok W. Comparison of  several regres-
sion procedures for method comparison studies and 
determination of  sample sizes. Application of  linear 
regression procedures for method comparison stud-
ies in Clinical Chemistry, Part II. J. Clin. Chem. Clin. 
Biochem. 22(6), 431-445 (1984). 

22. 	 Wakkers PJ, Hellendoorn HB, Op de Weegh GJ, 
Heerspink W. Applications of  statistics in clinical 
chemistry. A critical evaluation of  regression lines. 
Clin. Chim. Acta. 64(2), 173-184 (1975). 

Citation:
Koster RA, Touw DJ, Alffenaar JWC. Dried blood spot 
analysis; facing new challenges. J Appl Bioanal 1(2), 38-41 
(2015).

Open Access and Copyright:
©2015  Koster RA. This article is an open access article 
distributed under the terms of  the Creative Commons 
Attribution License (CC-BY) which permits any use, dis-
tribution, and reproduction in any medium, provided the 
original author(s) and source are credited.

Funding/Manuscript writing assistance: 
The authors have no financial support or funding to re-
port and also declare that no writing assistance was uti-
lized in the production of  this article.

Competing interest:
The authors have declared that no competing interest 
exist.


