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A B S T R A C T

Warfarin (WRN) use is plagued by response fluctuation which is managed by dose adjustment. The plasma WRN
level had always been an abandoned prerequisite for dose adjustment. However, recent reports had correlated
WRN level to the consumed dose. More importantly, the intra-individual alteration in WRN level was found
proportional to response fluctuation. This renewed the interest to use WRN level prior to dose adjustment to
account for dispensing errors or inadequate adherence. Detection of possibly interacting drugs may further assess
compliance and enable a wiser dose adjustment.

In this study, an LC–MS/MS assay was developed and validated for the determination of the WRN and the
simultaneous detection of interacting drugs in citrated plasma samples normally collected for monitoring in-
ternational normalized ration (INR). Samples were prepared by liquid-liquid extraction. Separation of WRN and
interacting drugs (n=19) was achieved on an Inertsil®C18 column using a gradient elution program. The assay
was applied in 96 plasma samples from patients.

The developed method was linear, accurate and precise for WRN determination with average recovery of
99.5 ± 8.4% and no relative matrix effect. WRN plasma level was measured in all samples and possible in-
teracting drugs were detected. An improved WRN-response correlation was observed inter-individually when
patient variability was reduced.

Our results support the significance of WRN monitoring and suggest the additional monitoring of other in-
teracting drugs for integrated evaluation of patient adherence. The developed method enables ruling-out in-
adequate adherence prior to unnecessary dose adjustment and highlights the need to strengthen patient edu-
cation procedures.

1. Introduction

Warfarin (WRN) is an important oral anticoagulant that works by
interfering with vitamin K mediated coagulation. Its response is highly
variable among different individuals which make setting the correct
dose challenging. More importantly, its response is unstable even for
the same patient. Therefore, frequent INR (International Normalized
Ratio) monitoring has to be done and the WRN dose has to be adjusted
accordingly [1]. Such empirical dose adjustment is tedious and usually
results in failure which plagues the WRN use [2] (Supplementary ma-
terials 1) [3–5].

In addition to frequent dose changes, WRN response fluctuation
results into serious complications in at least 7% of the WRN users [3–5].

This is mainly attributed to its narrow therapeutic index and being
subject to genetic, physiological, pathological and patient compliance
variations (Supplementary materials 2) [3,6–9].

Patient incompliance and poor adherence may contribute to the
response fluctuation either via missing doses or unsupervised drug-drug
interactions (DDI). It is important to mention that until recently defi-
ciency in patient education and understanding are prevalent resulting
into inadequate sticking to medication regimen and subsequently poor
INR control [3,6–10]. Patient interviews and prescription reviews often
do not explain the observed fluctuations [10]. This is especially im-
portant in a geriatric population where confusing medical schedule,
poly-pharmacy and multiple prescribers are likely to happen. Ad-
ditionally, serious reports of DDI with WRN are numerous [11–14].
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A higher level of therapeutic effectiveness can be achieved using
WRN by adopting proper monitoring and control of patient adherence
[10]. Such measures can make WRN superior over the newer expensive
directly acting anticoagulants specially when treatment cost is critical
[15].

Association between WRN plasma concentration and its response
was previously tackled as a monitoring tool. However, the high varia-
bility and poor correlation between WRN concentration and INR among
WRN receiving populations opposed this.

Recently, Lomonaco et al. and Ghimenti et al. reported that the
consumed WRN dose was well correlated with the WRN plasma level
[16,17]. More importantly, these reports revealed that each person
reaches the optimal coagulation at a certain WRN plasma concentration
and that the oscillations of INR can be explained by a parallel oscilla-
tion in the WRN level. This suggests the usefulness of monitoring WRN
against self-control [16] and renewed the interest to use the WRN level
as an evidence prior dose adjustment.

In this context, an analytical method capable of determining WRN
in plasma can give an evidence-based insight on adherence to the
medication schedule and dose [16,17]. An additional simultaneous
detection of interacting drugs will further confirm/deny compliance to
medication regime and enable a wiser dose adjustment.

Previously reported WRN assays based on liquid chromatography
either with UV [18,19] or MS/MS detection [17,20–23] analyzed WRN
alone or with its major metabolites. Our literature review did not reveal
any analytical method capable of simultaneously measuring WRN and
possible interacting drugs or such application in clinical samples to
analytically evaluate the prevalence of DDI in WRN treated patients.

In this study, an LC–MS/MS method was developed and validated
for the simultaneous determination of the WRN level and the detection
of possibly interacting drugs. Such information can generated without
additional sample withdrawal from patient as the method is applied to
200 μL of citrated plasma normally collected for INR. Accordingly,
while being convenient, the method will give more adequate informa-
tion, improve clinical outcomes and improve patient quality of life. The
method was applied in 96 patients under WRN maintenance therapy to
be evaluated.

2. Materials and methods

2.1. Equipment, reagents and chemicals

A liquid chromatography-tandem-quadrupole mass spectrometry
system (UPLC–MS/MS) system equipped with an electrospray ioniza-
tion (ESI) probe (Waters, Milford, MA, USA) was used. The Acquity
UPLC system included a vacuum degasser, a quaternary pump, a ther-
mostated auto-sampler and a column oven compartment. Data acqui-
sition and processing were performed by the MassLynx 4.2 software.
Separation was performed on an ODS column (4.6× 250mm, 5 μm).
An Eppendorf micro-centrifuge with maximum speed of 14,500 rpm, a
Jenway 6850 spectrophotometer (Staffordshire, UK) and a FLUOstar
Omega plate reader (BMG Labtech, Offenburg, Germany) were used.

Pharmaceutical grade WRN, gatifloxacin, ciprofloxacin, ofloxacin,
sulfamethoxazole, trimethoprim, erythromycin ethylsuccinate, hydro-
cortisone acetate, prednisolone sodium phosphate, dexamethasone so-
dium phosphate, betamethasone valerate (> 99.97%; group-A drugs)
were obtained from NODCAR (Giza, Egypt). Non-steroidal anti-in-
flammatory drugs (NSAIDs; piroxicam, meloxicam, tenoxicam, in-
domethacin, ketoprofen, diclofenac, and ibuprofen) were extracted
from pharmaceutical preparations for tuning and method development
(group B drugs). Acetonitrile, methanol, formic acid, acetone and bro-
mocresol green (BCG) were obtained from Sigma Aldrich (Darmstadt,
Germany). Ammonium acetate was obtained from Fischer Scientific
(USA). Un-spiked drug-free human plasma was obtained from Egyptian
Company for Biological Products and Vaccines (Egypt). De-ionized
water was used throughout the experiments and produced in-house

from a Millipore Milli-Q System (USA). For measuring the cortisol
concentration, the DRG Cortisol Enzyme Immunoassay Kit (DRG
International, USA) was used.

2.2. Analytical method development

2.2.1. MS/MS tuning
Solutions of gatifloxacin, tenoxicam, piroxocam, meloxicam, WRN,

ofloxacin, ketoprofen, prednisolone, hydrocortisone acetate, diclofenac,
ibuprofen, indomethacin, erythromycin ethyl-succinate, betamethasone
valerate, sulfamethoxazole, ciprofloxacin, trimethoprim and dex-
amethasone were prepared at a concentration of 100 ng/mL. The pre-
pared solutions were separately injected into the MS/MS detector for
determining the best detection conditions in terms of cone voltage,
collision voltage, gas flow, and precursor ion and product ion m/z va-
lues. The initially selected SRM transitions were investigated to find the
most appropriate quantifier ion (the ion which shows best sensitivity)
and qualifier ion (the ion showing the second best sensitivity). The
LC–MS/MS analysis was split between two runs. WRN, the selected
steroids and antibiotics (group-A drugs) were monitored in one run,
while NSAIDs (group-B drugs) were monitored in the other. Within
each run, time-scheduled SRM (ts-SRM) was performed, where a lim-
ited number of the SRM transitions were monitored at a given time. The
SRM transitions used are provided in Table 1.

2.2.2. Chromatographic separation
The chromatographic separation was performed by gradient elution

using gatifloxacin as an internal standard (IS). Selected solvents are
methanol (A), 100mM aqueous ammonium acetate (B), and de-ionized
water (C). The gradient program is given in Table 2. The total run-time
was 20min. The strong injector wash and the seal wash solutions were
composed of an equal mixture of acetone, isopropanol, methanol,
acetonitrile, and de-ionized water. The weak injector wash solution was
composed of methanol and de-ionized water (15:85, v/v). The injection
volume was 50 μL.

2.2.3. Sample preparation
2.2.3.1. Protein precipitation using a mixture of methanol and formic
acid. In this method, 200 μL of plasma was mixed with 800 μL of
10% formic acid in methanol. After vortexing, the proteins were
precipitated by centrifugation at 14500 rpm. The supernatant
(500 μL) was diluted with 1500 μL de-ionized water.

2.2.3.2. Protein precipitation using acetone. In the acetone precipitation
method, 1mL of 20% acetic acid in acetone was added to 200 μL plasma
sample. After 10min stand at room temperature, the sample was mixed
by vortex, followed by centrifugation at 14500 rpm for 10min. The
supernatant (500 μL) was diluted with 1500 μL de-ionized water.

2.2.3.3. Liquid-liquid extraction (LLE) method. The liquid-liquid
extraction (LLE) was performed by adding 100 μL of acetic acid to a
200 μL plasma sample, followed by the addition of 1mL of the
extraction mixture (ice cold ethyl acetate and diethyl ether, 50:50, v/
v). The content of the tube was vortexed and the organic layer
separated by centrifugation. From the upper layer after
centrifugation, 800 μL was carefully removed. The extraction with
organic solvent was repeated three successive times and the
supernatants were combined. The combined organic layer was
evaporated at 70 °C and reconstituted in 1500 μL of an acetone/water
mixture (1:3; v/v) acidified by 10% acetic acid.

The three extraction procedures were investigated and the best was
adopted for validation and application to analyze samples.

2.2.4. Method validation
The method for the quantification of WRN and the detection of

selected drugs possibly involved in DDI was validated according to
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international conference on harmonization (ICH) guidelines. Linearity
testing was performed in a matrix-based calibration curve. Precision,
accuracy, recovery, matrix effect, relative matrix effect, and stability
tests were performed in spiked citrated plasma as quality control (QC)
samples at 4 levels (UQC, HQC, MQC and LQC). The limit of detection
(LOD) and quantitation (LOQ) were determined experimentally.

2.2.5. Application to patient samples
Left-over plasma from samples (n=96) submitted for INR testing

(collected at 9 am to have similar cortisol levels) were analyzed. The in-
house developed LC–MS/MS method was used to determine the WRN
plasma level and detect DDI in the tested samples. Methods for

monitoring albumin and steroids are described in Supplementary ma-
terials 3.

3. Results and discussion

In this study, a sensitive LC–MS/MS method for the simultaneous
determination of WRN and the detection of possible interacting drugs
was developed and validated. The method was applied to patients
under WRN maintenance therapy to investigate the WRN level in these
patients as well as assessing the prevalence of DDI. Additionally, the
correlation between the WRN plasma level and its response among
different individuals was evaluated when the patient variability was
reduced.

3.1. Analytical method development and validation

3.1.1. Choice of MS method and chromatographic separation
The analysis of WRN and 19 interacting drugs was performed by ts-

SRM in two runs. In the first run, WRN and the group-A drugs were
monitored in the retention times between 0 and 20min; the steroids
eluted between 10 and 20min. NSAIDS (group-B drugs) were mon-
itored in the second run. Details of the MS method are described in

Table 1
SRM transitions for the simultaneous determination of the target analytes.

Time (min) Precursor ion m/z Product ion m/z Dwell time (s) Cone voltage (V) Collision energy (V) Retention time (min)

First analytical run
0–10 Sulfamethoxazole 254.0 108.0 0.005 20 25 5.84

Sulfamethoxazole 254.0 156.0 0.005 20 25
Trimethoprim 291.0 123.0 0.005 40 30 7.14
Trimethoprim 291.0 261.0 0.005 40 30
Warfarin 308.9 163.0 0.005 30 15 8.73
Warfarin 308.9 251.0 0.005 30 15
Ciprofloxacin 332.2 288.0 0.005 35 25 6.95
Ciprofloxacin 332.2 314.1 0.005 35 25
Prednisone 361.3 147.0 0.005 25 20 9.29
Prednisone 361.3 171.0 0.005 25 20
Cortisone 361.3 163.1 0.005 40 20 9.27
Ofloxacin 362.3 261.0 0.005 30 30 8.86
Ofloxacin 362.3 318.3 0.005 30 30
Hydrocortisone 363.1 121.1 0.005 40 20 9.36
Hydrocortisone 363.1 241.0 0.005 40 20
Gatifloxacin 376.4 261.0 0.005 20 40 7.38
Gatifloxacin 376.4 358.0 0.005 20 20
Betamethasone 393.2 355.4 0.005 25 10 9.65
Betamethasone 393.2 373.1 0.005 25 20
Dexamethasone 393.4 373.2 0.005 30 10 9.65
Dexamethasone 393.4 355.2 0.005 60 10

10–20 Hydrocortisone acetate 405.2 121.0 0.005 40 20 10.03
Hydrocortisone acetate 405.2 241.0 0.005 40 30
Betamethasone valerate 477.6 279.0 0.005 25 20 15.07
Betamethasone valerate 477.6 355.4 0.005 25 10
Erythromycin ethylsuccinate 862.3 116.2 0.005 40 50 13.65
Erythromycin ethylsuccinate 862.3 158.2 0.005 40 50

Second analytical run
0–10 (+) Piroxicam 332.0 71.9 0.028 55 20 7.98

Piroxicam 332.0 163.5 0.028 55 35
Tenoxicam 338.0 164.0 0.028 25 15 7.71
Tenoxicam 338.0 200.0 0.028 25 20
Meloxicam 352.0 115.0 0.028 25 25 8.59
Meloxicam 352.0 141.0 0.028 25 20

0–10 (−) Ketoprofen 253.1 208.7 0.028 20 40 8.91
Ketoprofen 253.1 253.3 0.028 20 40

10–20 (−) Ibuprofen 204.9 161.3 0.032 20 30 10.32
Ibuprofen 204.9 204.9 0.032 20 30
Diclofenac 249.9 178.1 0.032 20 20 10.17
Diclofenac 249.9 213.9 0.032 20 20

10–20 (+) Diclofenac 249.9 178.1 0.032 20 20 10.17
Diclofenac 249.9 213.9 0.032 20 20
Indomethacin 358.0 111.0 0.032 10 44 10.67
Indomethacin 3580 139.0 0.032 10 44

Table 2
Gradient elution program.

Time
(min)

Flow rate
(mL/min)

%A:
methanol

%B: 100mM
ammonium acetate

%C: water

0 1 15 75 10
6 1 78 18 4
7 1 83 17 0
12 1 81.5 18.5 0
13 1 15 75 10
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Table 1. The ts-SRM and splitting of the analysis over two separate runs
are applied to increase the dwell time for each analyte and accordingly
increase the sensitivity. A successful chromatographic separation was
performed by a gradient elution program as displayed in Table 2.
Table 1 represents the retention time of each analyte (representative
chromatograms are displayed in Supplementary material 4).

3.1.2. Sample preparation
Several sample preparation methods were tested. Protein pre-

cipitation was investigated using methanol or acetone as well as liquid-
liquid extraction (LLE). The methanol protein precipitation method was
not successful in terms of extraction efficiency as well as relative matrix
effect. By comparing the analytical response obtained from WRN
standards solution to those of equal concentration extracted from
plasma, it was found that poor extraction efficiency was achieved,
which was not uniform over the concentration range tested with re-
lative standard deviation (RSD) of 31.6. This was also true for other
analyzed drugs including the internal standard where the RSD was up
to 57.9 (Supplementary materials 5). Moreover, the methanol method
showed a relative matrix effect as evidenced from the slope variation
when applied to plasma samples obtained from 5 different individuals
(Supplementary materials 6) [24]. Accordingly, methanol precipitation
method was not used in the assay.

Two other methods were tested for the extraction of samples. The
first choice was the use of acetone as a protein precipitating solvent due
to its ability to co-precipitate phospholipids (PL) and its relative ease of
application compared to LLE [25,26]. In this method, the plasma
samples were mixed with a mixture of cold acetone and acetic acid. The
plasma was left for 10min to totally precipitate all the proteins fol-
lowed by vigorous vortex mixing. The method was tested for its ability
to remove or reduce PL by monitoring the relative matrix effect and by
reduction of PL peaks in the plasma extract using several PL-specific
SRM transitions (Supplementary materials 7). For both parameters,
acetone precipitation was successful. However, the acetone precipita-
tion method suffered from an unexplained problem of non-zero inter-
cepts which was observed in plasma samples from different sources
(Supplementary materials 8 and 9). This made the acetone precipitation
method unsuitable for this application.

Finally, LLE showed the optimum performance. In this procedure,
extraction was performed by using ethyl acetate and diethyl ether.
Many modifications were investigated to optimize the procedure. First,
each solvent was tested as a single extraction solvent. On using ethyl
acetate alone, poor extraction efficiency was obtained for WRN as well
as poor linearity over the range 80–4000 ng/mL. Diethyl ether did not
show this problem but it was more difficult to handle due to its high
volatility. A double extraction procedure was explored, with subsequent
extractions with each solvent. This procedure was successful in ex-
tracting all drugs, but the handling of diethyl ether remained a pro-
blem. Finally, an equal mixture of both solvents was used for extraction.
The mixture was prepared and left in an ice bath until use, because the
cold mixture was easier to pipette than the one left at room tempera-
ture. Each plasma sample was extracted three times to ensure the

complete extraction of the analytes. Prior to extraction, acetic acid
(100 μL) was added to acidify the sample and thereby improve the re-
covery of WRN. This in-house optimized LLE method was selected for
sample preparation because it overcame all shortcomings of other in-
vestigated methods.

3.1.3. Analytical method validation
The described LC–MS/MS method was validated for the quantitative

determination of WRN and the detection of the selected interacting
drugs. Linearity was determined in a matrix-based calibration curve,
while other validation parameters were tested on four level QC samples
(240 (LQC), 2000 (MQC), 3600 (HQC) and 4400 ng/mL (UQC)).

3.1.3.1. Linearity and range. The method was found to be linear for the
WRN determination in the range of 80–4000 ng/mL with a correlation
coefficient of 0.997. The experimentally determined LOD was 4 ng/mL
while the LOQ was 20 ng/mL.

3.1.3.2. Accuracy and precision. Accuracy was determined by
comparing the nominal concentration of the QC samples to that
calculated from the calibration curve equation. The method was
accurate for the WRN determination with an average accuracy of
112.5 ± 5.6%. Intra-day and inter-day precision was found to
be<4.5% and 4.7%, respectively.

3.1.3.3. Extraction recovery and matrix effect. The extraction recovery
was assessed by comparing the analytical response of extracted QC
samples to post extraction spiked QC samples. Recovery was uniform
over the tested concentration range with average value of
99.5 ± 8.3%.

The absolute matrix effect was tested by comparing the analytical
response of post-extraction spiked samples to that of the drug dissolved
in solvent. An average ionization suppression of 25% was observed.

No relative matrix effect was observed where plasma from 5 dif-
ferent sources did not show slope variation (CV < 4%) [24]. No system
carry-over was observed when injecting the upper QC sample followed
by a blank one.

3.1.3.4. Sample stability. Samples were found to be stable at room
temperature for at least 6 h and for 24 h in the auto-sampler.
Additionally, samples were stable for 3 freeze and thaw cycles. Long-
term stability testing showed that the samples were stable for at least
7 days. Finally, the WRN stock solution was stable for at least 2 weeks at
room temperature.

The detailed validation results and their comparison with previously
reported methods are presented in Tables 3 and 4, respectively.

3.1.4. Method application
The developed assay was successfully applied to the determination

of the WRN concentration and gave evidence-based result on the WRN
plasma level and the presence (if any) of interacting drugs.

Initially, the measured WRN levels were not correlated with INR

Table 3
Warfarin LC–MS/MS method validation.

WRN (ng/
mL)

Accuracy (%) Inter-day
precision (CV%)

Intraday
precision (CV%)

Recovery (%) Short term
stability

Long term
stability

Freeze and
thaw stability

Auto-sampler
stability

Absolute matrix effect
(ionization suppression)

240 119.8 2.43 3.43 109.4 100.4 99.2 99.3 99.2 25.4
2000 108.5 3.21 4.32 98.6 99.4 100.3 98.3 102.3 23.4
3600 109.3 1.43 2.67 100.9 102.3 102.4 100.2 100.3 26.3
4400 103.2 4.53 4.65 89.2 98.3 99.2 101.2 98.3 24.3

The recovery (RE) was calculated by comparing the analytical response of drug spiked in pre-extraction spiked sample (A) to that post-extraction spiked sample (B);
RE=A / B×100.
The absolute matrix effect (ME) was calculated by comparing the analytical response of post-extraction spiked samples (B) to that of drug dissolved in solvent (C);
(C− B) / C× 100.
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results among the 96 samples (R2= 0.054; Fig. 1a), which agrees with
previous findings [1,27]. On examining the deviating samples for DDI,
NSAIDs appeared in 11 samples while antibiotics and steroids were
found in 5 and 2 patients, respectively. Samples with poor correlation
were tested for albumin level as well as endogenous cortisol levels
[28,29]. Abnormalities in the albumin and the endogenous cortisol le-
vels explained deviations in 9 and 6 samples, respectively. A significant
improvement in the correlation (R2= 0.622) was observed between the
measured WRN levels and the INR values on excluding these samples
(Fig. 1b).

These results indicate that the reduction in patient variability (DDI,

albumin and steroids abnormalities) improved the correlation between
WRN and INR among WRN users which supports the significance of
monitoring both WRN levels and possibly interacting drugs.

4. Conclusions

In this study, a single convenient assay for the determination of
WRN level as well as the detection of DDI in patient under WRN
maintenance therapy was developed and validated. The assay can give
insight on patient adherence to medication regimen via comparing the
WRN level to that of the same patient in his controlled state.
Additionally, the assay can reveal interactions due to unsupervised drug
consumption. Such information can be generated without the need for
additional sample withdrawal from the patient since the method works
on small volume of the citrated plasma sample that was already col-
lected for INR.

The method was successfully applied in 96 patients under WRN
maintenance therapy. The results revealed a significant correlation
(R2= 0.622) between plasma WRN levels and INR values after ex-
cluding deviating samples showing DDI (n=16), abnormal albumin
(n=9), or abnormal steroid (n=6) levels.

The results obtained in this study and those of Lomonaco et al. and
Ghimenti et al. [16,17] underscore the importance of monitoring WRN
level and detecting DDI and other pathological variations to achieve an
integrated understanding of possible causes of INR fluctuation prior to
dose change.

This information may guide the physician to strengthen patient
education on adherence to therapy (rather than simply changing WRN
dose). The availability of such analytical data provides evidence-based
understanding of the WRN response oscillation. This may be especially
useful for elderly or under-educated patients (when interviewing pa-
tients does not suffice) and/or to account for any possible drug dis-
pensing errors [28].

Conflicts of interest

None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.microc.2018.05.002.

Table 4
Comparison of the present method with other reported methods for the determination of warfarin.

Parameter The developed method Previously reported methods

Lomonaco et al. [30] Zuo et al. [20] Ghambari et al. [21] Naidong et al. [23] Ghimenti et al. [17]

Range (ng/mL) 80–4000 100–3000 5–1500 15–3000 1–100 0.05–15
Accuracy (CV) 110.2 (0.06) 88.3 (0.01) 102.7 (0.11) – 103.7 (0.05) 98 (0.02)
Intra-day precision (CV%) <4.53 < 4 <9.8 2.8 < 6 <10
Inter-day precision (CV%) <4.65 < 3 <6.2 6.5 < 7.5
Recovery (CV) 99.5 (0.08) – 98.1–108 (−) 91.0 (0.03) 95.7 (−) –
Short-term stability 98.3–102.3 – – – 99.9–102.7 –
Long term stability 99.2–102.4 – – – – –
Freeze and thaw stability 98.3–101.2 > 80 99.4–112.4 – 100.8–104.0 –
Auto-sampler stability 98.3–102.3 – 83.5–99.6 – 100.9–107.3 –
Experimental LOD (ng/mL) 2.00 – 1.5 5 – –
Calculate LOD (ng/mL) 0.33 0.4 – – – 0.004
Experimental LOQ (ng/mL) 20.00 – 5 – – –
Calculated LOQ (ng/mL) 1.00 1.3 – – 1 0.014
Absolute matrix effect (%) 23.4–26.3 < 10 – – – –

CV is the coefficient of variation.
Calculated LOD and LOQ were derived as 3 and 10 times SD of the analyzed low level spiked blank [30].
(−) denotes that the numerical data were not reported.

Fig. 1. a) Correlation of INR values with the WRN concentration without ex-
cluding drug-drug interaction and physiological factors; b) Correlation of INR
values with the WRN concentration after exclusion of plasma samples involving
(possible) drug-drug interaction and of patients of physiological variations.
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