International Journal of Cardiovascular Sciences. 2021; 34(2):116-121

116

ORIGINAL ARTICLE
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Abstract

Background: Traditionally, the most effective therapy in the prevention of stroke in patients with atrial fibrillation
(AF) has been oral anticoagulation with vitamin K inhibitors, particularly warfarin, whose disadvantages and
adverse effects have led to their replacement by "direct oral anticoagulants", as factor X inhibitor.

Objectives: This study aimed to conduct a brief approach on atrial fibrillation (AF) and use of Rivaroxaban, and to
comparatively evaluate the prothrombin time / International Normalized Ratio (PT/INR) in patients with AF in use
of this oral anticoagulant, depending on the time elapsed between the last administration of the drug and the time
of blood sample venipuncture.

Methods: We evaluated 34 patients with AF in use of Rivaroxaban by using PT / INR, distributed into a subgroup
with blood collection time < 12 hours (1 = 7) and > 12 hours after the last drug intake (1 = 27). Mann-Whitney test
was used to compare the groups and p < 0.05 was considered significant.

Results: An analysis as a function of time between the Rivaroxaban intake and blood collection, revealed that PT
/ INR suffers the greatest effect up to 12 hours after ingestion of the drug, dropping to levels close to normal in
subsequent hours before the next dose.

Conclusion: We concluded that, in contrast to warfarin, the knowledge of the time interval between drug intake
and blood collection from patients taking Rivaroxaban is essential to properly interpret a laboratory test to assess
hemostasis, particularly PT and its derivatives. (Int ] Cardiovasc Sci. 2021; 34(2):116-121)

Keywords: Atrial Fibrillation; Stroke; Embolism; Rivaroxaban; Warfarin; Anticoagulants; Hemorrhage/
physiopathology; Risk Assessment; Blood Coagulation.

Introduction fundamentally on the measurement of the prothrombotic

risk factors of each patient, which determines the

Patients with atrial fibrillation (AF) presenthemostatic  existence of different levels of risk among the different

system changes that contribute to an approximately 5-fold
increased risk of stroke. According to the American Heart
Association,' the American College of Chest Physicians,?
and the European Society of Cardiology (ESC),?
recommendations for antithrombotic therapy of patients

with non-valvular and chronic AF should be based

groups of patients. Traditionally, the most effective
therapy in preventing stroke in patients with AF has
been oral anticoagulation with vitamin K inhibitors - also
referred to as vitamin K antagonists (VKAs), especially
warfarin. Although this drug has an established efficacy,

anumber of genetic and environmental factors - such as
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diet and concomitant drug use - influence the patient's
response to the drug, leading to a high risk of bleeding
and, thus, requiring frequent monitoring of coagulation.*
For this purpose, the International Normalized Ratio
(INR), obtained using the International Sensitivity Index
(ISI), has been used based on the comparison of the
sensitivity of commercial thromboplastin in relation to
WHO standard thromboplastin.

A number of drawbacks related to the need for strict
laboratory monitoring and the occurrence of hemorrhages
in the course of warfarin anticoagulation have limited its
use in clinical practice and encouraged its replacement
with newly developed oral anticoagulants including
direct thrombin inhibitors and factor Xa inhibitors,* called
direct oral anticoagulants (DOACs).’

Four DOACs (dabigatran, rivaroxaban, apixaban
and edoxaban) have become available for treatment
of patients with AF. These drugs have a comparable
efficacy to warfarin in large randomized controlled
trials and were found to pose a lower risk of intracranial
bleeding.* DOACs have been widely used for primary or
secondary prevention of stroke in patients with AF, while
AF ablation under uninterrupted warfarin or rivaroxaban
has shown a safety profile.”®* However, there is no
evidence of benefit of DOACs in patients with mechanical
prosthetic valves or moderate/severe mitral stenosis.®

Direct thrombin inhibitors and factor Xa inhibitors
do not usually require laboratory monitoring. However,
standardized and well-established tests for laboratory
evaluation of the anticoagulant effect of these drugs are
not yet available when needed in special occasions in the
usual medical practice.”” Therefore, greater knowledge
of this topic should be sought by evaluating hemostatic
tests that are routinely used in clinical laboratories, such
as prothrombin time (PT), in patients using direct oral
anticoagulants since such hemostatic parameters may be
extensive and variably affected by these drugs."

Specific tests include the anti-factor Xa chromogenic
assay, which has been suggested for laboratory
evaluation of Rivaroxaban and is able to estimate
the plasma concentration of the drug when specific
calibrators are used. This method has been shown to be
adequate for determination of Rivaroxaban over a wide
concentration range, but it is not routinely available in
most laboratories.'*"

In order to provide a small contribution in this context,
the present study aimed to comparatively evaluate PT/
INR in patients with AF using Rivaroxaban, according to

the time elapsed between the last administration of the
drug and the time of collection of blood samples from
the patient.

Methods

We evaluated 34 patients with AF using Rivaroxaban
(daily dose of Xarelto® 20mg) divided into subgroups
with collection time < 12 hours (n = 7) and collection
time > 12 hours after the last administration of the
drug (n = 27). The use of the drug was investigated
and confirmed by patient self-report. The project was
approved by the Research Ethics Committee of the
Universidade Federal de Minas Gerais and the Lifecenter
Hospital Ethics Committee. Individuals selected as
participants were informed of the research objectives and
signed a free and informed consent form prior to blood
collection. For each participant, a standardized clinical
record was also filled out, whose data were essential for
the analysis of results of the present study. The sample
size of both the study group and its subgroups was
defined for convenience.

Blood samples of control individuals (not in use of
anticoagulant or other medication with effects on the
hemostatic system), who were selected by the medical
team or by the researchers, were used in parallel to test
the quality of the reagents for PT, and whose results
were found within normal limits according to the
manufacturer.

Samples of 10 mL of venous blood (5 mL in 3.2%
sodium citrate and 5 mL without additive) were collected
using the Vacutainer® System (Becton-Dickinson) tubes
in the morning, requiring a 12-hour fast. Blood samples
were rapidly centrifuged at 3500 rpm for 15 minutes in
room temperature. Plasma samples were transferred to
plastic tubes and then centrifuged again under the same
conditions to ensure platelet-poor plasma (<10 000/mm?).
The serum and plasma obtained were divided into
several aliquots and stored at -80°C until use.

Regarding the inclusion criteria, the case group of
the present study included patients with paroxysmal,
persistent, or permanent non-valvular AF at medium or
high risk of thromboembolic events (CHADS2 > 2), men
and women, aged over 18 years and with a history of
AF of any duration, documented by electrocardiogram
and/or 2-dimensional doppler echocardiogram within
12 months prior, and for whom anticoagulation was
indicated. Patients with transient AF secondary to
other reversible disorders (thyrotoxicosis, cardiac or
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thoracic surgery, pneumonia, and severe anemia),
situations in which chronic anticoagulation therapy
was interrupted during the duration of the present
study; any contraindication for anticoagulant agents;
conditions associated with elevated risk of bleeding
(intracranial, intraocular, spinal, retroperitoneal, and
intra-articular bleeding, gastrointestinal bleeding, or
active ulcer within the previous year; recent severe
trauma, major surgery and active infective endocarditis),
uncontrolled hypertension (blood pressure greater than
170/100 mmHg), or acquired or hereditary hemorrhagic
disorders; association of antiplatelet therapy or
fibrinolytic therapy with the use of oral anticoagulants;
amiodarone therapy, verapamil, quinidine, ketoconazole,
ritonavir, corticosteroids, anti-inflammatories, heparin,
fondaparinux, or hormone replacement therapy; hepatic,
malignant, autoimmune, thyroid, and infectious diseases;
severe renal insufficiency (creatinine clearance less than
30 mL/min); alcoholism; pregnancy, or any relevant
laboratory or clinical change detected by the physician
investigation were excluded.

PT and INR

PT was measured by automated coagulometric
method, using the Destiny Max™ diagnostic system,
and TriniCLOT PT Excel S, ISI = 1.2 (TCoag, Wicklow,
Ireland) as a reagent.

Biochemical Characterization of Participants

In order to verify the presence and absence of
comorbidities that could influence the results of PT/
INR, a biochemical characterization of participants
was undertaken, including determination of alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), gamma glutamyltransferase (GGT), creatinine,
triglycerides, total cholesterol, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), and C-reactive
protein (CRP).

Statistical Analysis

Statistical analyses were performed by the MiniTab
program (version 17). Graphs were plotted (scatter
plotting) using GraphPad Prism®, version 6.07. Because
PT and INR did not show a normal distribution, the
results were presented as median and interquartile range.
The Mann-Whitney test was used to compare the groups,
and p < 0.05 was considered significant.

Results

Regarding the biochemical characterization of
patients performed to rule out comorbidities that could
influence the results of PT and its derived parameters,
no significant changes were detected, that is, hepatic,
renal and lipid profiles were within the reference limits.

The comparison of the parameters of PT and INR in
patients with AF using Rivaroxaban as a function of the
time elapsed between the last dose of the drug and the
moment of blood collection is presented in Table 1.

PT, in seconds, was considerably higher in patients
whose Rivaroxaban administration was <12h, suggesting
that the test was sensitive to detect anticoagulant effect.
As a consequence, prothrombin activity, evaluated in
terms of median and interquartile range was lower in
this group. INR also appeared to be different between
subgroups and was significantly higher in the <12h
subgroup, although this ratio is not considered a reliable
mode of expression in the context of Rivaroxaban use.
The results are shown in Figure 1 and Figure 2.

Discussion

Markers of hepatic and renal function and lipid profile
were evaluated in the present study, whose results were
normal. This fact is important since it reflects that the
results of PT/INR were not changed by liver or kidney
diseases. Thus, changes detected in PT/INR are very
likely to be attributed to the use of Rivaroxaban, since
the patients also did not present other characteristics that
could compromise the results, such as weight extremes,
for example.

Table 1 - Prothrombin time in patients with atrial
fibrillation using rivaroxaban, according to the time
between administration of the drug and blood collection

Time <12h Time >12h p
(n=7) (n=27) value*
PT (s) 329 (15.5) 20.5 (7.4) 0.003
INR 2.69 (0.45) 1.54 (0.56) 0.003

*p <0.05. Mann Whitney Test. Values presented as median and
interquartile range. PT(s): prothrombin time (seconds). INR:
International Normalized Ratio.
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INR: International Normalized Ratio.
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Figure 1 - Prothrombin time of patients in use of Rivaroxaban, as a function of time of blood collection after administration of the
drug. The horizontal lines represent the median of each subgroup (Mann Whitney Test).

PT(s): prothrombin time (seconds).
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Figure 2 - INR of patients in use of Rivaroxaban, as a function of time of blood collection, after administration of the drug. The
horizontal lines represent the median of each subgroup (Mann Whitney Test).
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The levels of C-reactive protein (CRP) were also
evaluated, which were not different between the
subgroups, indicating no differences in the inflammatory
status for the participants of this study. Regarding the
use of other drugs, such as statins or antihypertensives,
the limited sample size prevented appropriate analyses.

The prolongation of PT observed in the present study
in patients using Rivaroxaban, in relation to those found
for healthy non-medicated individuals is in line with
previous studies reported in the literature, such as that
by Douxfils et al.” According to these studies, PT can be
used as a screening test to assess bleeding risk, although
more specific tests using calibrators should be applied
to confirm the plasma concentration of Rivaroxaban.
In this regard, ISTH basically defines 2 types of tests
for the evaluation of direct oral anticoagulants: simple
semiquantitative tests available in most laboratories, and
quantitative tests capable of accurately reporting levels of
the drug. The effect of Rivaroxaban has been investigated
on both types of tests in order to provide evidence to
support the standardization of the laboratory evaluation
of this drug. It is emphasized that the use of Rivaroxaban
does not require frequent monitoring or periodic dose
adjustment, however, the need for standardized sensitive
and safe laboratory tests (qualitative and quantitative)
is unquestionable, which allows the evaluation of the
degree of anticoagulation or determination of optimal
dose in specific situations. These include, for example,
evaluation of special populations of patients, such
as those with hepatic or renal insufficiency, weight
in extreme ranges, imminent surgery, and cases of
therapeutic failure or suspected non-adherence to
treatment.!’ In these circumstances, it is necessary to
know the performance of the tests available in the
investigation of the hemostatic status of the individual.

Although a very limited number of samples were
assayed, our findings indicate that at the plasma peak
of the drug (around 2 to 3 hours), PT is quite sensitive to
evaluate the effect of Rivaroxaban.

However, close to the administration of the subsequent
dose (after 24 hours), this test is no longer significantly
prolonged as a function of the reduced anticoagulant plasma
levels. It should be noted that the result of PT is largely
influenced by the quality of thromboplastin employed,
whose variability is not corrected when expressing the
result in INR. The development of a validated sensitivity
index for Rivaroxaban and the consequent use of an INR
specific for this anticoagulant have already been proposed
to minimize the variability among the reagents."

In summary, the results of PT and its derivatives
in the present study suggest a sensitivity of the test to
detect the anticoagulant effect up to 12 hours after drug
ingestion, dropping to values close to normal in the
subsequent hours before the next dose. However, for a
greater test reliability it would be necessary to develop
a thromboplastin sensitivity index to be used, validated
for Rivaroxaban.

Conclusion

In agreement with Douxfils et al.'* and Samama et al.*,
it is concluded that, in contrast to warfarin, knowledge
of the time interval between drug administration and
blood collection in patients using Rivaroxaban is essential
to interpret a laboratory test that evaluates hemostasis,
particularly PT and its derivatives. Therefore, it is
essential to be aware that the results of PT will be affected
as a function of the time of blood collection after taking
the drug.
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