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Abstract
Background: Factor X inhibition can cause the prolongation of PT by acting on the common pathway factors. Although, Expensive and less
available “calibrated anti-FXa” predicts DOAC plasma level had better than prothrombin time (PT) and the international normalized ratio (INR).
Consecutive reports raise more attention to (PT/INR) abnormalities in clinical scenarios for the minority of patients on DOACs. This study focuses
on studying the magnitude of the Apixaban effect on INR elevation, which may be of clinical significance.

Methods: This was a single-center, retrospective, observational analysis of adult patients who received at least 30 days of Apixaban. This study's
primary outcome is to test the association between Apixaban use and significant INR elevation

Results: Five hundred Fifty-two patients have screened in the study .194 patients meet our study aim criteria, Apixaban use was associated with a
significant rise in INR levels after Apixaban (1.54 ± 2.59) compared  to the previous values (1.03 ± 0.62) P <0.001. The mean rise was 0.58 (95% CI:
0.34-0.82, p<0.001). Multiple linear regression showed insignificance of all other tested variables, like Age, Polypharmacy, Use of CYP inhibitors,
baseline INR, or renal function.

Conclusion: Apixaban use is associated with a significant increase in INR in non-hospitalized patients, although the clinical outcomes of this
observation are still understudied.

Although routine monitoring of INR for Apixaban is generally unadvised, it is pivotal for practitioners to understand the magnitude of this
phenomenon, more research is warranted to describe the clinical importance and guidance for those coagulation assays in daily practice.

Take Home Message
Regular coagulation tests should not be used to monitor DOAC therapy, However, inadvertent INR testing for patient started on Apixaban more than
1 month was Higher than baseline (before use Apixaban), we tried to examine the phenomenon facing practiconer in daily practice.

Background
During the last decade, our practice of anticoagulation management had dramatic positive changes; direct oral anticoagulants (DOACs) have
changed this area forever. (1) Health care Practitioners who had enormous experience and knowledge during managing their patients with Vitamin
K antagonists for more than half a century had unprecedented options to treat their patients with DOACs, DOACs have proven to be at least as
effective as VKAs, with far less serious bleeding, fixed doses, no routine monitoring, and less food and drug interactions. In addition, patients prefer
the DOACs for their ease and simplicity. These factors were reflected in increased numbers of patients and many challenging populations groups
that had never been treated are stepping in like frail, extremely aged, and cancer patients. (2-5)

These results in more questions raised, tons of researchers publishing new dilemmas, and monitoring which was an absolute advantage started to
fire back not only for physicians but also for their patients, one of the major non-adherence reasons in a survey was lack of monitoring. The gap in
monitoring efficacy and safety is broadening in comparison to VKAs.

The international normalized ratio (INR) is a routine lab in daily practice with multiple uses in different clinical scenarios. Although guidelines
recommend against DOACs monitoring, multiple reports described the association of INR prolongation with different DOACs, especially
rivaroxaban, and to less extent with Apixaban. (6,7) a case report of Apixaban toxicity reported INR > 20. (8)Moreover, a retrospective study in
Denmark linked INR increase to predict bleeding events. (9) One of the gaps we are facing about DOAC use, is trying to ignore having INR results.

The data around this association is limited and has limitations, the phenomenon is neither well described in literature nor it is applications. Our
study aims to measure the frequency of INR lab orders for patients on Apixaban and the effect of Apixaban on INR prolongation in a stable
outpatient population.

Methods
This study was a single-center retrospective Cohort study for 565 non-critically ill Hospitalized Patients who were already on Apixaban at KAMC
and were admitted between January 1, 2019, and July 29, 2021. In addition, the data include all patients who were admitted between January 1,
2019, and July 29, 2021, and received a dose of Apixaban during their hospital admission.

We did not include patients who received warfarin or any direct thrombin inhibitor or other factor Xa inhibitors during the first 72 hours prior to or
following Apixaban administration, any patient who did not get at least one lab investigation for INR before or after admission, and patients with a
known history of coagulopathy Diseases, advanced right-sided heart failure, ESRD, any level of liver failure. Patients with a history of acute liver
failure and Pregnant women were also excluded from our study.

Ethical approval is sought from the KAMC IRB committee, and all data is kept in a secure file and accessed by the research team only.
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Patients' data were collected from the electronic medical records using a standardized proforma. Data collected included patient demographics
(age, weight, Height, BMI, and gender,), patient's past medical

history and did the patient was using Apixaban or not (indication of taking Apixaban, date of diagnosis, order date), and baseline laboratory results
(INR without warfarin, PT without Warfarin). the use of aspirin or warfarin, the number of medications (patient considered polypharmacy),
inhibitors, and inducers of the cytochrome CYP and P-gp were collected. Patient's INR was also collected pre and post (defined as INR before
starting Apixaban and after), and INR post-Apixaban was collected with the nearest Patient encounter (at least 30 days after the first Apixaban
prescription).

The prothrombin time (PT)/INR, PTT with heparin, and PTT without heparin, if available, serum creatinine were collected starting. Liver function
tests were collected in addition to the CHADS score, Bleeding tendency or predisposition, Labile INR levels on warfarin, and if the patient has
embolic or bleeding events were utilized, as well as the adverse events were considered. The CHA2DS2-VASc score for Stroke Risk Assessment in
Atrial Fibrillation was categorized based on the total score obtained as i) low risk (score 0), moderate risk (score=1), and High risk (score=>2)(31).

Data Management and Statistical Analysis:
SPSS version 23 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Descriptive statistics in the form of frequencies and percentages
using suitable tables and figures will be used to represent categorical data. Shapiro–Wilk test was used to check the normality of the continuous
variables, and that followed normal distribution were presented using mean and standard deviation, whereas those that didn't follow were
presented using a median and interquartile range.

Comparison of continuous variables between categorical variables was evaluated using the Students' t' test or Mann-Whitney U test. The Analysis
of Covariance (ANCOVA) method was used to evaluate the main and interaction effects of categorical variables on a continuous dependent
variable while controlling for the effects of specified independent continuous variables that co-vary with the dependent. A p-value <0.05 will be
considered statistically significant.

Results
Our analysis included 552 adult patients who received at least 30 days of Apixaban. After the exclusion criteria were applied, 338 patients (61 % of
screened patients) had INR before starting on Apixaban of which, only 194 patients had INR on Apixaban also. Those 194 patients who were
eligible for the analysis had (INR before and after starting the Apixaban). Demographics are presented in (Table 1) 
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Table 1

Baseline Demographics

Age 64 (21: 94)

Gender-male% 43 %

   

Weight 79 ( 40: 99)

BMI 30.9 (17: 52)

Comorbid n,(%)  

DM 135 (69.5%)

HTN 156 (80)

HF 94 (48 %)

Stroke 54    (27)

Vascular disease 88 (45.3)

   

CHA2DS2VASc mean CHA2DS2VASc > 3

CHA2DS2VASc > 5

3.85

154 (79.3)

68 ( 35)

   

HAS-BLED mean 2

HAS-BLED > 3 54 (29 )

S.cr 1.22 (0.38: 3.9)

Crcl 79 ml/min (13:190)

Crcl <50 % 26

Concomitant Medications  

Polypharmacy (Meds> 5) 55 %

No medication mean 8 (1:17)

SAPT 58 ( 29.8)

DAPT 20 (10 )

   

Apixaban dose  

5 mg 143

2.5 mg 51

Reduced dose (off-label dosing) 10

Strong P-gp inh  

Amiodarone 4

Concomitant CYP 3A4 Inducer  

Rifampicin 1

We observed statistically significant differences in the international normalized ratio (INR) before and after using Apixaban. The INR value
significantly increased after using Apixaban (1.54 ± 2.59) compared to the previous values (1.03 ± 0.62). (Table -2) the mean rise was 0.58 (95% CI:
0.34-0.82, p<0.001). (Figure 1) 
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Table 2

Comparison of INR before and after using Apixaban

  Mean SD t df P value

Baseline INR 1.03 0.62  

-3.659

 

364

 

<0.001Post INR 1.54 2.59

The CHA2DS2-VASc calculation showed that 4.2% were in the low-risk category of Ischemic heart disease, whereas the majority fell in 87.1% of
high risk

We used a Multivariate analysis of covariance (MANCOVA) model to eliminate the effects of covariates on INR value after Apixaban use.The
analysis showed there were no statistically significant differences seen in INR after Apixaban after controlling factors like gender, BMI>25, Age>65,
INR, Serum Creatinine, CHF, hypertension, diabetes Mellitus, stroke, vascular disease, bleeding tendency or predisposition and drug or alcohol use. 

However, there were statistically significant differences observed in INR value after Apixaban use in patients who had embolism [ F(1, 330) =
15.254, p = <0.001, partial η2

=0 .047] . and bleeding [F(1, 330) = 8.481, p = 0.004, partial η2 =0 .026]

Discussion
Apixaban inhibits both free factor Xa and prothrombinase activity and clot-bound factor Xa activity(10, 23), which makes the INR unreliable for
clinical interpretation since the mechanism is distinct from that of warfarin (12,13). The sensitivity of the PT varies widely from one DOAC to the
next, and it can be affected by factors such as the reagent employed and the drug concentration in the plasma (14).

Clotting time measurements do not correlate to the same degree of anticoagulation as found with warfarin because both binding and unbound
serine proteases are blocked. Apixaban is appealing because it has a predictable pharmacokinetic profile, numerous paths of elimination, an
improved bleeding profile in comparison to warfarin, a lack of other serious side effects, and does not require frequent anticoagulation monitoring.
(6,15,16).

The extent to which Apixaban affects the INR is unclear, and this lack of information might have unintended consequences for patient
management. After excluding possible confounding factors, our findings showed that the INR significantly increased after Apixaban use. This
increase was not associated with any factors like off-label dose, age, or baseline INR before starting. Previous studies have shown that Anti factor
X DOACs have different effects on regular coagulation tests. Even so, Ofek et al. could build a model predicting Anti factor X level by using INR for
rivaroxaban. the Apixaban’ s effect on the INR in hospitalized patients is small to moderate in vitro and preliminary observational studies (7).

Frost et al. examined the impact of treatment with rivaroxaban and Apixaban on coagulation tests in healthy subjects, which showed overall
medication concentration was observed to affect the minimal increase in INR seen with Apixaban, although it was not predictive (18).

Another small study in japan assessed clinical outcomes for cardioembolic stroke patients who were using DAOCs, patients who had coagulation
assay prolongation on presentation had a mild stroke and less large vessel occlusion(19) .finally a case report of an acute on top of chronic kidney
disease, a patient who was admitted with INR 3.5, Apixaban drug was detectable in her blood after 10 days of discontinuation(20).

INR has been developed in the 1980s By the World health organization to standardize the practice of anticoagulation around the globe, it achieved
widespread acceptance in the scientific community, not only for VKA management, but for other indications: Preoperative screening to assess the
integrity of the extrinsic (factor VII) and common pathways (fibrinogen and factors II, V, and X) of coagulation, Coagulopathy evaluation,
Assessment of liver function, and assessment of the nutritional status. (21-23)for VKA management, but for other indications: Preoperative
screening to assess the integrity of the extrinsic (factor VII) and common pathways (fibrinogen and factors II, V, and X) of coagulation,
Coagulopathy evaluation, Assessment of liver function, and assessment of the nutritional status. (21-23)

Our finding provides important background for estimating Apixaban's impact on the INR considering many other patient factors. Healthcare
professionals (HCPs) need to be aware of the effect that DOACs have on routine coagulation test findings as these drugs gain popularity as a
convenient therapeutic choice for patients. (24)

Our hospital collected both the prothrombin time (PT) and international normalized ratio (INR) despite evidence suggesting that INR is not a valid
way to track anticoagulation when using DOACs. Possible causes include reasons rather than DOAC-specific monitoring are part of the hospital
order set, treating patients with high-risk chest pain, guiding anticoagulation protocols, and "standard" laboratory testing for admission. The
increase in INR could be influenced by a variety of conditions, including drugs that interact with one another and preexisting comorbidities. Incorrect
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interpretation of this degree of elevation, on the other hand, might lead to improper treatment or reversal of anticoagulation, both of which are
undesirable outcomes (24,30).

Due to the potential impact of many patient variables on Apixaban, not all-inclusive risk factors are important to take into consideration. Thus we
considered co-factors such as age, gender, abnormal renal and liver function, serum creatinine, congestive heart failure, Hypertension, Diabetes
Mellitus, stroke, vascular disease, bleeding tendency or predisposition, embolism, bleeding, and drug or alcohol use. In our analysis, we observed
that factors such as abnormal renal and liver function, embolism, and bleeding showed a direct effect on INR increase.

Clinicians need to know if coagulation tests are impacted by Apixaban usage in addition to sufficient knowledge about the extent of anticoagulant
action. Fibrinogen levels, as well as the PT and aPTT durations are routinely measured in the ER and some inpatient settings. Non-specialist
doctors may misunderstand "abnormal results" from these tests since factor Xa inhibitors might impact their reliability. (32)

A factor Xa inhibitor may be responsible for the prolonged PT and aPTT in a sepsis patient rather than the sepsis itself. Many patients undergoing
a "coagulation screen" will be taking Apixaban. Hence all acute care providers need to learn how these tests are affected. Although the chromogenic
test has been shown to have a greater association between Apixaban levels and factor Xa activity, its application is currently limited due to
availability and cost difficulties, whereas the PT assay is commonly accessible and easily conducted in most laboratories (21).

Although Apixaban shows a concentration-dependent PT lengthening, the tests are not reliable for quantitatively evaluating factor Xa inhibitory
action owing to their low sensitivity and large reagent-dependent heterogeneity. Educating the doctors and specialists who are not primarily
engaged in anticoagulation treatment but will encounter a growing number of patients inadvertently taking Apixaban will provide the greatest
challenge. (33-35)

Limitations

We acknowledge the limitations in this study:It is a single-center study, and due to the retrospective nature of the study, we were unable to
determine the exact timing of drug administration before blood samples influenced the results. Secondly, INR fluctuations can be influenced by a
variety of variables while in the hospital, making it challenging to assess and account for all of them, our study excluded all possible known factors
from the study but this is still a gap.

Another drawback of our study is that we did not investigate the possibility of all interactions between different drugs and the effect these
interactions could have on INR levels in each patient. However, the application of this evaluation needs to be cautiously approached because there
is a lack of evidence concerning the interactions of DOACs with other drugs.

Conclusion
Our findings showed that non-hospitalized patients taking Apixaban have a significantly higher INR. Many of the variables were found to interfere
with our patients' ability to maintain an acceptable international normalized ratio (INR) had already been documented by other researchers, and
therefore, their presence was not surprising or unexpected. 

It is unclear how an elevated INR may manifest in a patient's clinical situation. A higher than usual INR may occur in patients using Apixaban; thus,
the healthcare team must be aware of this possibility. Our findings have potential therapeutic implications, but more prospective studies are needed
to corroborate our findings.

Abbreviations
INR: International Normalized Ratio

PT: Prothrombin Time

CYP: Cytochrome P

P-gp: P-glycoprotein

HCPs: Healthcare professionals

BMI: Body Mass Index

DOAC : Direct Oral Anticoagulant

VKA : Vitamin K antagonist
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