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Abstract

The use of dried blood spot (DBS) collection cards was investigated for the detection of therapeutic drugs
used in cardiovascular therapy for assessing medication adherence. A liquid chromatography-high resolution mass
spectrometry (LC-HRMS) method was developed for the determination of, bisoprolol, ramipril, and simvastatin.
Whole blood spiked with target analytes was used to produce 30 pl blood spots on specimen collection cards for
calibration purposes. An 8 mm disc was cut from the dried blood spot and extracted using methanol: water (70:30,
v/v). The High Resolution MS detection, at the precise mass of the target drugs, was carried out in electrospray
positive ion mode. The LC-HRMS method successfully identified control volunteers who were known to be either
adherent or non-adherent. There were no false positives from volunteers taking other cardiovascular drugs or from
volunteers receiving no medication. Potentially therefore the system would identify non—adherent patients based on

the absence of the target analyte in the DBS sample provided.
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Abbreviations: PK: Pharmacokinetics; DBS: Dried Blood Spot; LC-
HRMS: Liquid Chromatography-High Resolution Mass Spectrometry

Introduction

Cardiovascular disease covers a range of disorders of the heart
and blood vessels, namely hypertension (high blood pressure), angina,
heart attack, stroke and heart failure. It is one of the biggest killers
worldwide and in the UK in 2009 accounted for one in three of all
deaths [1]. There are currently around 2.7 million people in the UK
living with the disease and the current medical care of such patients
uses a combination of cardiovascular drugs to treat high blood pressure
and statins to lower cholesterol [1]. Research by Lewin [2] showed that
as many as 50% of patients ignore or do not adhere to their prescribed
cardiac medication after the first year of commencing treatment. More
recent research by Michael [3] indicated that 34% of patients stopped
taking at least one prescription item whilst 12% stopped taking all their
drugs within a month of leaving hospital. This type of medicine wastage
is estimated to cost the NHS £396 million annually [4] whilst in the
USA poor medication adherence is tied to an estimated $290 billion
[5] annually in increased medical costs. Not only are there costs due
to the wastage of drugs but non-adherence to medication can result in
high rates of complications, hospital re-admissions or even death [6].
All of these have additional cost burdens which must be carried by the
healthcare provider. Medication related hospital admissions cost about
$100 billion per year in the USA [5].

The simple blood spot test being developed provides an elegant
check of adherence to the prescribed medication by confirming the
presence of the drug/s in the blood sample. Very sophisticated analysis
is needed in this test since the volume of blood provided is typically
30 micro-litres versus the 3.0-5.0 ml required for a conventional
liquid blood sample. From a pharmacokinetic (PK) standpoint the
level of drug to be detected will depend on the prescribed dose, the
bio-availability, the patient’s metabolic rate and the time the sample
was collected after the initial dose. Literature PK data, for the target
drugs, has therefore been collated in order to help define the detection
parameters required of the analytical instrumentation. It should also

be noted that certain foods e.g. grapefruit juice produce significant
variations in the expected blood levels of certain drugs [7] used in the
treatment of CV problems.

Methodology

We have already developed and reported an analytical procedure to
identify the presence of target CV drugs in volunteer’s blood presented
in the form of dried blood spots on sample cards [8]. In this work
volunteers, with known prescription adherence were used to test the
capability of the system to distinguish between cases of adherence and
non-adherence rather than to test patient adherence to prescription.
Once the capability of the system was confirmed the approach would be
extended to assess patient adherence to prescribed medication versus
more formal methods such as pill count. This study has received ethical
approval from the De Montfort University Research Ethics Committee.

Target drugs

The selection of specific cardiovascular medication was informed
by discussion with practicing clinicians and a survey of drugs taken
by potential volunteer colleagues. Table 1 identifies the frequently
prescribed CV drugs in the UK and details the essential PK
information which will define the detection parameters required for
this investigation. The aim of this work is to investigate if the presence
of specified target drugs can be confirmed in blood samples from
individual patients and therefore the possible ranges in the responses
from different volunteer/drug combinations is more important than a
mean value. Specifically therefore the worst case scenario, i.e. the lowest
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Drug Dose range/mg cmax Ing/ml Tmaxlh Thalf/h
Bisoprolol [9] 2.5/5/10* 37-87 1.5-4 5-16
Ramipril [10] 2.5/5*/10 11-31 na 4-6
Amlodipine 5%/10 5-7 5-8 35-50
[11-13]
Valsartan [14] 40/80/160* 879-3874 2-8 3.5-14
Doxasozin [15] 1/2/4/8*/116 67(17.6) 2.7-5 20.5 (6.1)
Simvastatin [7] 10/20/40* 5-40 2-3 1.3-2.7
Atenolol [9] 25/50%/100 159-377 1.5-6.0 4-11
*Indicates dose taken for the data cited
Table 1: PK Data for frequently prescribed CV drugs.
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Figure 1: PK Plot of drug concentration vs time for repeat doses identifying
various kinetic parameters.

likely drug concentration in the DBS sample, must be considered. This
will occur for a combination of low dose, rapid elimination (short t, )
with a low ¢ developed in the shortest time (t_ ). In this respect
simvastatin should pose the major challenge. The other major factor
affecting the level of drug to be detected is the time delay between the
patient taking the medication and the subsequent provision of the
blood spot sample.

The effects of these parameters are demonstrated in Figure 1 which
shows the concentration of the drug in blood as a function of time after
dosing. As can be seen the data in Figure 1 represents repeat dosing,
as expected in the patient situation, whereas the majority of literature
studies [16-19] focus on drug levels in blood after a single dose. This
situation is shown by the shaded area to the left hand side of Figure 1
and indicates that for short values of t, , the level of drug available for
detection rapidly decreases. More importantly for this investigation,
Figure 1 shows the development of the steady-state concentration of
the drug (after 36 hours) which should be maintained for any patient
following a fixed dose drug regimen. Under adherence conditions the
steady state level is the minimum level of drug available for detection.
For non-adherence the level of the drug in blood is usually non-
detectable after 5 half-lives or approximately 10 days abstinence for
drugs with along t, , such as amlodipine. An indication of patient non-
adherence will be derived from a combination of no signal above the
instrument noise level and the passage of at least 5 half-lives abstinence.

Volunteers

In the initial phase of the research volunteers were selected from
informed colleagues, already prescribed one or more of the selected
drugs, to provide control blood samples at specified times after taking
known medication. Several volunteers known to take none of the target
drugs provided baseline reference DBS samples.

The eight volunteers, 3 male and 5 female had ages between 30
and 66 provided 105 well documented DBS samples where the delay
time between dose and blood spot collection was recorded. It should be
noted that replicate samples were collected and several of the volunteers
were prescribed more than one of the target drugs. Nine DBS samples
were also collected from two volunteers (1 male and 1 female) who
were known not to be prescribed any of the target drugs.

Sample collection

Capillary blood spot samples were collected in replicate on an
Ahlstrom 226 sample card. A 2 mm lancet was used and the blood was
collected as a single drop into each of the designated areas on the card
and not as smears. The blood was then allowed to dry for circa 2 hours
under ambient conditions and the card was then sealed into a small
plastic bag for transport and further storage.

Sample analysis

The blood spot samples were analysed using a validated method
based on solvent extraction followed by liquid chromatography-
high resolution mass spectrometry (LC-HRMS) [8]. The analysis and
validation of data for Ramipril, Bisoprolol and Simvastatin obtained
from an 8 mm disc (approximately 20 micro-litres of blood) punched
from the centre of the DBS sample has been detailed (Lawson et al.)
elsewhere [8] and will not be repeated here.

Prior to all analyses authentic samples of the drugs were run in
order to determine both the correct precise mass, used to uniquely
identify that compound, and also the retention time under the LC
conditions chosen (Table 2). These trials also led to the confirmation of
the presence of both ramipril and ramiprilat [17] and that the sodium
adduct of simvastatin was the most abundant ion under the analytical
conditions used.

Results

The purpose of the research was to develop a simple method to
demonstrate either adherence or non-adherence to prescribed CV
medication. Patients, discharged from hospital with prescribed long-
term medication, will be expected to take the medicine as directed
under normal living conditions. Therefore in this series of experiments
there is not the usual control of conditions such as fasting, delivery of
medication and other regimens during the trial period. Volunteers were
asked not to change their habits during the periods they were collecting
samples for this investigation. In several instances repeat samples were
provided from similar time points on sequential days and these were
compared for evidence of any significant differences indicative of the
effects of diet on drug concentrations. Simvastatin is one good example
in this area of study where the consumption of grapefruit juice can lead
to a 10X elevation of the drug concentration in blood.

Drug Precise mass/(m/z) Retention time/min
Bisoprolol 326.2326 1.41
Ramipril/Ramiprilat 417.2384 / 389.2071 1.51
Simvastatin/Na adduct 418.2719 / 441.2611 2.30

Table 2: Analytical data for selected drugs.
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Drug Dose/mg 0-6 6-12 12-18 18-24
Delay/h

Bisoprolol 5 32/32 24/24 16/16 8/8

Ramipril 5 - 2/2 - -

Simvastatin |20 5/5 5/5 5/5 -

No drug na 37/37 31/31 21/21 8/8

Table 3: Correct identification of presence/absence of target drugs versus sample
collection time delay.

Data for controlled medication volunteers

The dried blood spot samples collected provided 388 drug
concentration/time data points from volunteers who accurately
recorded their medication procedures for each of the selected drugs
they were prescribed. In addition to this group were the baseline (no
prescribed medication) volunteers where the analysis of the DBS
samples confirmed no detectable signal above the LOQ, as predicted,
for the particular drug at the appropriate precise mass/ retention time
combination [8].

The data was collated into four six hour periods after taking the
medication. Assuming a notional average morning dose time of 7.00 am
this could correspond to samples being collected during the morning,
the afternoon, overnight and finally very early in the morning. This
latter batch of samples should provide the greatest challenge for the
methodology since it corresponds to the longest delay post dose. The
results from the baseline samples confirmed there was no interference
with the determination of the target drugs. The detection capability is
recorded in Table 3 where a dash indicates no sample collected for this
time delay. In work reported by Lawson et al. [8] previously we had
been unable to detect low levels of simvastatin corresponding to the 18-
24 hour delay post dosing. An instrumental problem leading to poor
performance under certain elution conditions (e.g. the retention time
for simvastatin) has been identified and corrected.

The results (Table 3) demonstrate that the system produced the
anticipated signal outcomes for both groups of volunteers. Furthermore
there were no false positive indications resulting from a second CV
drug being prescribed. These results highlight the potential of this
approach to indicate patient non adherence.

It is interesting to note that following the detection of an
unexpectedly high level of simvastatin in a sample, the volunteer
explained that to ensure all the drugs were taken they were combined
and taken at lunch time rather than some in the morning and some
in the evening. In this instance the presence of one CV drug, not
monitored in this exercise, led to an increase in the bioavailability
of the statin. The data from the system led to the identification of an
incidence of incorrect adherence to the prescription.

Conclusions

The blood spot test has been shown to be able to provide adherence/
non-adherence information reliably for all the test subjects’ trialled.
Highlighting the issue of incorrect adherence to prescriptions may
provide a means to help alleviate the problem. The information from
this test has the potential to aid clinical decisions and to improve
the patient’s cardiovascular care. This test could also help the NHS
save money in terms of unused pills and un-necessary hospital re-
admissions.
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