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The hematocrit (Hct) problem is the most 
widely discussed issue in dried blood spot 
(DBS) analysis. As Hct determines the vis-
cosity of blood, it affects the spreading of 
blood spotted on filter paper. Therefore, par-
tial punches taken from DBS prepared from 
blood with different Hct values will contain 
different amounts of blood. Hence, depend-
ing on the analyte of interest and the filter 
paper used, deviating Hct values may cause 
significant assay bias. Hct may additionally 
influence the potential bias introduced by 
the site of punching, the recovery of a par-
ticular compound from DBS and/or have an 
impact on matrix effects. As a consequence, 
the Hct effect is generally recognized as the 
most important factor hampering the wide-
spread application of DBS [1–3]. Therefore, 
although not yet common practice, it is 
advisable to include quality control samples 
prepared from blood with different Hct val-
ues in validation experiments in order to 
define a Hct interval in which the obtained 
DBS results are still valid [4]. In addition, 
to minimize the impact of Hct, calibrators 
should be prepared using blood with a Hct 
value close to the expected median of the 
target population. However, even when a 
Hct interval has been defined in which the 
assay bias is within acceptable limits (typi-
cally ±15%), one still needs to be able to 
verify whether the Hct of a given DBS actu-
ally lies within this interval. Furthermore, 
in the comparison between concentrations 
measured in DBS and plasma or serum, the 
Hct of the blood used to prepare the DBS is 
an important factor as well.

In the last few years, several strategies have 
been proposed to cope with the Hct problem 
in DBS analysis. These strategies focus on 
overcoming the issue of differential spread-
ing of blood on filter paper, as this is gener-
ally considered to be the major contributor to 
Hct-induced bias. The influence of Hct on 
recovery and the matrix effect, on the other 
hand, may be minimized by optimizing the 
extraction or chromatographic conditions [5]. 
For example, Ooms et al. demonstrated that 
the use of elevated temperatures in an auto-
mated flow-through desorption procedure 
may reduce the effect of Hct on the recovery 
of several drugs [6].

Whole-spot analysis
As pointed out by Fan and Lee in an edito-
rial from 2012 published in this journal, an 
easy way to deal with the Hct problem is to 
simply analyze whole, volumetrically applied 
spots, instead of using fixed-size partial 
punches [7]. The entire DBS can be punched 
out after the application of a defined volume 
of blood or the blood can be spotted onto 
prepunched discs. An interesting example of 
the latter approach is the concept of ‘dried 
matrix on paper discs’, in which precut paper 
discs are placed in a dedicated support system 
[8]. However, an important limitation inher-
ent to all whole-spot approaches is the need 
for an accurate and precise delivery of a vol-
ume of blood onto the filter paper. Although 
convenient tools are available to facilitate 
this volumetric application, such as an incre-
mental dispenser developed by Drummond 
Scientific Company (PA, USA) or Micro-
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safe® pipettes (Safe-Tec Clinical Products LLC., PA, 
USA) [9], in our opinion, any volumetric whole-spot 
approach is only feasible in a specialized setting at pres-
ent, where spotting is carried out by trained personnel. 
When capillary sampling is to be performed by non-
experienced individuals themselves (e.g., sampling at 
home, representing an important benefit of DBS sam-
pling over traditional venous sampling), direct applica-
tion of a drop of blood from the fingertip onto the DBS 
card may be preferred, provided that clear instructions 
on good sampling practices are given to the involved 
subjects. It can be envisaged that, in the near future, 
new developments, particularly microfluidic devices 
such as the ‘disposable metering device’ prototype 
developed by Lenk et al. [10] or alternative devices being 
developed by others [11], will allow volumetric deposi-
tion of nonvolumetrically deposited samples. Another 
promising approach for volumetric collection of blood 
to generate dried samples is the use of a very recently 
developed alternative collection device (VAMS – Volu-
metric Absorptive Microsampling), which wicks up a 
fixed volume of blood, independent of the Hct [12].

Dried plasma spots
Several authors reported on using dried plasma spots 
(DPS) instead of DBS, representing another approach 
for avoiding the Hct problem, while taking advantage 
of the ease of processing, transporting or storing of 
dried matrix samples. In most studies, plasma was 
obtained from venous whole blood after centrifuga-
tion. Preparation of plasma from microsamples of cap-
illary blood, as applied by Jonsson et al. in a toxicoki-
netic study in rats [13], simplifies the sampling process, 
as venipuncture is no longer needed. However, this 
methodology still requires centrifugation, which is, 
similar to the aforementioned volumetric approach, 
only feasible in a laboratory setting. Interesting mem-
brane filtration devices for the preparation of DPS 
from whole blood have been used recently [14,15]. With 
these devices, DPS are generated by applying drops of 
blood onto a multilayered extraction card, in essence 
consisting of a separation and a collection membrane. 
While the plasma can flow through the separation 
membrane to the bottom collection membrane, the 
cellular fraction is trapped at the top. After waiting 
for a few minutes, this top layer can be peeled off and 
plasma spots (of a fixed volume or not) are formed 
on the collection membrane. Although more studies 
involving different analytes and evaluating the cor-
relation between plasma and DPS concentrations are 
needed in order to support the general usefulness of 
this approach, the application of these devices seems 
to be a promising strategy for overcoming the Hct 
problem.

Special filter substrates
Several efforts have been made in trying to reduce the 
Hct effect by developing special filter substrates that 
would be less affected by Hct. A possibly interesting 
development is HemaSpot™ (Spot On Sciences, Inc., 
TX, USA), a cartridge containing a fan-shaped filter 
paper with multiple blades protruding from the cen-
ter. As claimed by the manufacturer, the use of this 
filter paper should result in a reduced Hct effect [16]. 
Another Hct-independent DBS card was developed 
by Mengerink [17]. The added-value of these materials 
in controlling the Hct-dependent spreading of blood 
remains to be established.

Measure or predict the Hct
As mentioned earlier, when the Hct of the blood 
originally used to prepare a DBS is known, it can be 
checked as to whether it is within the accepted Hct 
range defined during method validation. Furthermore, 
when a strongly deviating Hct value is found, it could 
be incorporated into an established algorithm that 
enables the correction of the analyte concentration. 
Obviously, the Hct can be determined in a (venous) 
blood sample collected along with the capillary DBS 
sample [7]. However, in this case, except when prepar-
ing DBS improves the compound stability, it may be 
easier to directly analyze the blood (micro)sample. 
Alternatively, the Hct can be determined in capil-
lary blood using anticoagulant-coated capillaries [18]. 
Again, as this approach requires centrifugation of the 
capillaries, home sampling is impossible. A more prac-
tical option in this context may be to use point-of-care 
testing systems in order to directly measure the hemo-
globin in blood, which enables the calculation of Hct 
[19]. It is questionable, however, as to whether equip-
ping every patient with such a (relatively expensive) 
device is feasible.

An alternative and convenient strategy for coping 
with the Hct problem while allowing patient self-sam-
pling may be to estimate the Hct of a DBS by measuring 
an endogenous compound in the DBS that correlates 
with Hct. Potassium has been proven to be a good Hct 
predictor, as we previously demonstrated [20]. Potas-
sium concentrations were measured on a routine clini-
cal chemistry analyzer following extraction from 3-mm 
DBS punches, yielding a straightforward, fast, cost-
effective and automatable procedure. The developed 
method was fully validated and its application on real 
patient samples showed a good correlation between the 
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predicted Hct and the actual Hct measured in venous 
blood samples. In a recent follow-up study, we could 
demonstrate that we were able to develop an algorithm, 
using the predicted Hct or even the DBS potassium 
concentrations alone, that allowed us to correct for the 
Hct bias in the DBS-based quantification of selected 
analytes [De Kesel PM, Capiau S, Stove VV, Lambert WE, Stove CP. 

Potassium-based algorithm allows correction for the hema-

tocrit bias in quantitative analysis of caffeine and its major 

metabolite in dried blood spots (Submitted, Under Review)]. 
While this approach is promising, broader application 
of this procedure is also required on more analytes in 
order to confirm its widespread applicability.

In conclusion, several strategies for coping with the 
Hct problem have been developed recently. The Hct 
effect may be avoided by analyzing whole DBS. This 
approach, requiring accurate volumetric applications of 
blood, is well-suited for use in a controlled setting, but is 
currently still difficult to implement in patient self-sam-
pling scenarios. The latter also applies to DPS obtained 
by spotting plasma following the centrifugation of blood. 
In this context, generating DPS from drops of whole 
blood by using membrane filtration devices may be a 
promising technique. Furthermore, the impact of Hct 

may be reduced by using special filter materials in which 
the spreading of blood is less influenced by Hct. Finally, 
measuring or predicting the Hct of a DBS allows for the 
verification of whether Hct falls within a validated range 
and for the correction of the Hct-induced bias. The Hct 
can either be directly measured in blood or predicted 
based upon an endogenous parameter, such as the 
potassium concentration in DBS extracts. While these 
and future developments will undoubtedly contribute to 
the more widespread application and acceptance of DBS 
(and DPS) sampling, other challenges remain, such as 
the possible differences between venous and capillary 
concentrations, a challenge that is  associated with any 
microsampling approach.
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