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Background: Scant literature exists evaluating utilization patterns for direct oral anticoagu-

lants (DOACs).

Objectives: The primary objective was to assess DOAC prescribing in patients with venous 

thromboembolism (VTE) and nonvalvular atrial fibrillation (NVAF) in outpatient clinics. 

Secondary objectives were to compare utilization between family medicine (FM) and internal 

medicine (IM) clinics, characterize potentially inappropriate use, and identify factors associated 

with adverse events (AEs).

Methods: This was a retrospective cohort study of adults with NVAF or VTE who received 

a DOAC at FM or IM clinics between 10/19/2010 and 10/23/2014. Descriptive statistics were 

utilized for the primary aim. Fisher’s exact test was used to evaluate differences in prescrib-

ing using an adapted medication appropriateness index. Logistic regression evaluated factors 

associated with inappropriate use and AEs.

Results: One-hundred twenty patients were evaluated. At least 1 inappropriate criterion was met 

in 72 patients (60.0%). The most frequent inappropriate criteria were dosage (33.0%), duration 

of therapy (18.4%), and correct administration (18.0%). Apixaban was dosed inappropriately 

most frequently. There was no difference in dosing appropriateness between FM and IM clinics. 

The odds of inappropriate choice were lower with apixaban compared to other DOACs (odds 

ratio [OR]=0.088; 95% confidence interval [CI] 0.008–0.964; p=0.047). Twenty-seven patients 

(22.5%) experienced an AE while on a DOAC, and the odds of bleeding doubled with each 

inappropriate criterion met (OR=1.949; 95% CI 1.190–3.190; p=0.008).

Conclusion: Potentially inappropriate prescribing of DOACs is frequent with the most com-

mon errors being dosing, administration, and duration of therapy. These results underscore the 

importance of prescriber education regarding the appropriate use and management of DOACs.

Keywords: rivaroxaban, dabigatran, apixaban, atrial fibrillation, venous thromboembolism, 

medication errors

Introduction
Thromboembolic events are major causes of morbidity and mortality in the United 

States (US). Atrial fibrillation, which is associated with a 5-fold increase in the risk of 

cardioembolic stroke, is a leading cause of death and permanent disability.1–3 Venous 

thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embo-

lism (PE), are likewise a significant cause of mortality, with an estimated prevalence 

of over 100,000 per year.4 The health care costs associated with VTE are considerable, 

exceeding $1.5 billion annually in the US.5,6
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Historically, anticoagulant therapy with warfarin has been 

considered the standard of care for prevention of thromboem-

bolic events associated with VTE and atrial fibrillation.3,7 Phy-

sician familiarity, clinical experience, and efficacy continue 

to influence prescribing patterns of warfarin. In addition, 

the ability to monitor the degree of anticoagulation, revers-

ibility of effects, and low-cost generic availability appeal to 

both patients and providers. However, several disadvantages 

exist for use of warfarin including significant drug-drug and 

drug-food interactions, delayed onset and offset of action, 

complex dosing with genetic variances, narrow therapeutic 

index, and frequent monitoring with patient-specific dose 

adjustments.3,4,8–11 Despite demonstrated efficacy in prevent-

ing thrombotic disease, the practical challenges associated 

with the utilization of warfarin have led to the search for new 

treatment options.3

Direct oral anticoagulants (DOACs), such as dabigatran, 

rivaroxaban, and apixaban, are newer agents approved for 

prevention of thrombosis in both nonvalvular atrial fibrilla-

tion (NVAF) and VTE. Randomized controlled trials have 

demonstrated non-inferiority to warfarin in preventing 

thromboembolic events.12–14 Advantages of these newer 

agents compared to warfarin include no routine monitoring 

of anticoagulant effect due to more predictable pharmacologi-

cal profiles, fewer drug-drug and drug-food interactions, and 

no required bridge therapy during brief interruptions due to 

rapid onset and offset of action.8–10 Challenges associated with 

DOACs include lack of clinical experience, concerns related 

to safety considering no antidote is available for reversal of 

anticoagulant effects for most agents, and cost. Furthermore, 

strict adherence is crucial as missed doses greatly increase 

the risk of thromboembolism due to a much shorter half-life 

compared to warfarin.3,4,8–10,15

Current guidelines support the use of DOACs for patients 

with DVT, PE, and NVAF and a CHA
2
DS

2
-VASc score of 

2 or greater (level B recommendation).8–11,15 They are also 

recommended for patients unable to maintain therapeutic 

international normalization ratio (INR) levels with warfarin 

therapy. Before initiation of any DOAC, it is recommended 

that kidney function be evaluated to determine if dose reduc-

tions are indicated.15

Although DOACs have provided possible solutions to 

several challenges associated with warfarin therapy, some 

prescribers remain unaware of potential drug-drug interac-

tions, dose adjustments based on kidney function, and cost 

implications. Current literature evaluating the utilization, 

prescribing patterns, and appropriateness of dabigatran and 

rivaroxaban in patients greater than 65 years of age with atrial 

fibrillation have indicated a high prevalence of inappropriate 

prescribing, which may lead to adverse events (AEs).16–18 

However, literature evaluating prescribing of all DOACs for 

patients with either atrial fibrillation or DVT/PE is lacking. 

Therefore, determining the utilization and prescribing pat-

terns of DOACs within a broader patient population could 

have a positive impact on patient outcomes and overall 

health costs.

The primary aim of this study was to assess utilization 

and prescribing patterns of DOACs in patients with NVAF 

and VTE (ie, PE and DVT) in an outpatient practice setting. 

Secondary aims of this study were to determine if differ-

ences exist in utilization and prescribing patterns of DOACs 

between internal medicine (IM) and family medicine (FM) 

teaching clinics, characterize potentially inappropriate 

prescribing based on drug interactions, contraindications, 

dosing, cost/access to treatment, and identify factors (eg, 

inappropriate prescribing, kidney function, age, agent selec-

tion) associated with undesirable treatment outcomes.

Methods
study design and patients
This was a retrospective, cohort analysis of adults receiving 

a DOAC with a diagnosis of NVAF or VTE. Patients were 

identified through a query of outpatient FM and IM clinic 

medical records and confirmed by manual chart review. 

Patients were eligible for inclusion if the following criteria 

were met: 18 years of age or greater, diagnosis of NVAF, PE, 

or DVT (based on ICD-9 codes), documented clinic visit with 

FM or IM from 10/19/2010 to 10/23/2014, and documented 

prescription for dabigatran, rivaroxaban, or apixaban as anti-

coagulant therapy for prevention or treatment of thrombosis. 

Patients were excluded if they were less than 18 years of age, 

pregnant, or had inadequate documentation in the medical 

record to meet inclusion criteria.

Data collection
All patient data were maintained in a Microsoft Excel (Red-

mond, WA, USA) spreadsheet. To provide quality assurance, 

individuals responsible for collecting data were trained in the 

use of the database and random audits were conducted. Base-

line demographics collected included age, race, sex, height, 

weight, body mass index, relevant past medical history, insur-

ance status, indication(s) for anticoagulant therapy, prescriber 

specialty (FM vs IM), prescriber status (resident, faculty, or 

midlevel [ie, nurse practitioner or physician assistant]), and 
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atrial fibrillation thromboembolic risk scores CHADS
2
 and 

CHA
2
DS

2
-VASc. Additional data obtained from subject med-

ical records included laboratory markers to evaluate kidney 

function (ie, calculated creatinine clearance [CrCl] using the 

Cockcroft-Gault equation), concomitant medications, dura-

tion of anticoagulant therapy, drug-drug or drug-disease inter-

actions, and history of anticoagulant and antiplatelet therapy. 

If subjects were transitioned between anticoagulants within 

the study period, the most recent DOAC data were utilized. 

Inpatient and outpatient records were evaluated to identify 

AEs (eg, hemorrhagic and/or thrombotic events), hospital 

admissions, or emergency room visits related to anticoagulant 

use during the study period. Finally, an adapted medication 

appropriateness index (MAI) tool was utilized to evaluate 

inappropriate prescribing. The MAI is a comprehensive tool 

that has been previously validated in the elderly population to 

assess inappropriate prescribing of medications.19,20 For this 

study, a similar methodology to Larock et al was utilized.18 

It included an adapted MAI for DOAC prescribing with 9 

categories of appropriateness: indication, choice, dosage, 

modalities and practicability of administration, drug-drug 

interactions, drug-disease interactions, duplication, and 

duration. Each MAI criterion was evaluated using detailed 

instructions that were developed based on US Food and 

Drug Administration (FDA)-approved DOAC prescribing 

information and guideline recommendations (Table S1). 

For each criterion, the evaluator rated A (appropriate), B 

(inappropriate with limited clinical importance), or C (inap-

propriate). Only inappropriate ratings (C) were considered for 

the primary outcome. The study was approved by the Texas 

Tech University Health Sciences Center Institutional Review 

Board and patient consent was not required.

statistical analysis
Patient data were converted from Microsoft Excel to IBM 

SPSS 23 (IBM Corp, Armonk, NY, USA) for analysis. 

Descriptive statistics, including means, standard deviations, 

and percentages were generated for the sample. Fisher’s 

exact test was used to assess the association of categorical 

variables. Binary logistic regression was implemented to 

determine the relationship of continuous and dichotomous 

independent variables with dichotomous dependent variables. 

Categorical independent variables used in the logistic regres-

sion models were dummy coded prior to analysis. For the 

logistic regression models, goodness of fit was assessed and 

residuals were reviewed. For all analyses, the a priori level 

of significance was .05.

Results
From 10/19/2010 to 10/23/2014, 146 patients were identified 

for possible inclusion. A total of 26 patients were excluded 

due to lack of indication (NVAF or VTE) for a DOAC, leaving 

a study population of 120 patients. Baseline demographics 

are depicted in Table 1.

Of the 120 patients included in the analysis, 40 patients 

(62.5%) with NVAF met at least 1 inappropriate criterion 

compared to 35 (58.3%) with VTE. Rivaroxaban was the most 

commonly prescribed DOAC received by 56% of patients. 

Dabigatran and apixaban were prescribed in 34% and 10% of 

patients, respectively. At least 1 inappropriate criterion was 

observed in 72 patients (60.0%). Thirty-six patients (30.0%) 

met 1 inappropriate criterion, 23 (19%) had 2 inappropriate 

criteria, 9 (7.5%) had 3 inappropriate criteria, and 4 (3.3%) 

met 4 out of 9 inappropriate criteria. Figure 1 describes the 

rate of inappropriateness per criterion. The 3 most common 

inappropriate categories were dosage (33%), duration of 

therapy (18.4%), and correct administration (18%).

For patients in whom inappropriate dosing was noted 

(n=39; 33.3%), most were associated with apixaban (n=5; 

41.7%), followed by dabigatran (n=11; 28.2%) and rivaroxa-

ban (n=23; 34.8%). No difference was found between FM and 

IM clinics within the most prevalent category, inappropriate 

dosage (n=16; 35.6% vs n=23; 31.9%, p=0.840). Addition-

ally, differences in kidney function did not confer a difference 

in appropriateness of dose prescribed (37.5% when CrCl 

<60 mL/min vs 31.1% when CrCl ≥60 mL/min; p=0.544).

Table 1 Baseline demographics (n=120)

Characteristic Family medicine 
clinic (n=47)

Internal medicine 
clinic (n=73)

age (years; mean ± sD) 66.2 ± 18.5 65.6 ± 17.8
sex
 Male (%) 36.2 50.7
race
 caucasian (%) 95.7 83.6
Insured (%) 80.9 68.5
Wt (kg; median, range) 82.8 (42.0–194.5) 79.8 (47.7–165.0)
BMI (mean ± sD) 32.4 ± 10.8 29.8 ± 8.77
crcl (mean ± sD) 73.0 ± 39.4 73.2 ± 35.4
Medical history (%)
 stroke
 heart failure
 hypertension
 Diabetes
 Vascular disease

4.3
3.62
80.9
29.8
21.3

16.4
24.7
68.5
16.5
36.9

cha2Ds2-Vasca 4 ± 1.12 4 ± 1.64

Note: aAtrial fibrillation stroke risk.
Abbreviations: BMI, body mass index; crcl, creatinine clearance; sD, standard 
deviation; Wt, weight.
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Results from the logistic regression analysis are shown 

in Tables 2 and 3. Two statistically significant predictors 

of appropriate choice of DOAC utilization over vitamin K 

antagonist were identified. Patients with prescription insur-

ance had approximately 6 times the odds of appropriately 

receiving a DOAC compared to those without prescription 

insurance (adjusted odds ratio [OR]=6.298; 95% confidence 

interval [CI] 1.112–35.658; p=0.038). Additionally, the model 

suggested that patients prescribed apixaban had a much lower 

odds of meeting appropriate choice criterion compared to 

those receiving rivaroxaban (adjusted OR=0.088; 95% CI 

0.008–0.964; p=0.047). Further analysis indicated patients 

with a history of bleeding were more likely to meet 1 or more 

categories of inappropriateness compared to those without a 

previous bleeding event (86% vs 57%, respectively; p=0.037).

An AE was noted in 27 patients (22.5%), among whom 

20 patients (16.7%) experienced a bleeding event, 4 (3.4%) 

suffered from a thrombotic event (stroke or VTE), and 3 

(2.5%) had a non-thrombotic or non-bleeding event while 

taking a DOAC. According to the logistic regression model 

(Table 3), significant predictors of a bleeding AE include 

number of inappropriate criteria met, age >60 years, and 

calculated CrCl. The analysis suggests that after controlling 

for covariates, the odds of a bleeding event roughly doubled 

with each additional inappropriate criterion met (OR=1.949; 

95% CI 1.190–3.190; p=0.008). Additional analysis sug-

gested that patients with a history of bleeding were more 

likely to experience a bleeding AE compared to those without 

a prior bleeding event (36% vs 14%, respectively; p=0.042).

Discussion
The current study found a high degree of potentially inap-

propriate prescribing of DOACs in primary care teaching 

clinics. Almost two-thirds of patients met at least 1 potentially 

inappropriate criterion. The most common issues noted in 

prescribing were dosage, correct administration, and dura-

tion of therapy.
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Figure 1 rate of inappropriateness by category.

Table 2 appropriateness of DOac choice logistic regression

Adjusted odds 
ratio (OR)

95% confidence 
interval (CI)

p-value

crcl 1.016 0.982–1.051 0.360
Family medicine 0.113 0.007–1.848 0.126
Internal medicine 0.112 0.006–2.035 0.139
rx insurance 6.298 1.112–35.658 0.038
Dabigatran 1.638 0.238–11.289 0.616
apixaban 0.088 0.008–0.964 0.047
White 3.595 0.428–30.202 0.239
Obese 1.802 0.298–10.881 0.521
age ≥60 years 2.354 0.222–24.986 0.477

Abbreviations: crcl, creatinine clearance; DOac, direct oral anticoagulant; rx 
insurance, prescription insurance.

Table 3 Bleeding adverse events logistic regression

Adjusted odds 
ratio (OR)

95% confidence 
interval (CI)

p-value

Inappropriate counta 1.949 1.190–3.190 0.008
age ≥60 years 9.078 1.010–81.603 0.049
calculated crcl 1.028 1.001–1.055 0.043
Family medicine 1.089 0.228–5.199 0.915
Internal medicine 0.556 0.120–2.587 0.454
rx insurance 0.768 0.224–2.635 0.675
Dabigatran 0.762 0.215–2.699 0.673
apixaban 0.425 0.038–4.806 0.489
White 0.714 0.090–5.661 0.750
BMI 0.927 0.839–1.023 0.132

Note: aInappropriate count, number of inappropriate categories met.
Abbreviations: BMI, body mass index; crcl, creatinine clearance; rx insurance, 
prescription insurance.
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Findings of our study are consistent with previously 

published literature,18 although there are some notable dif-

ferences. First, we did not consider the choice of a DOAC 

compared to warfarin inappropriate based on extreme weight 

(ie, <50 and >110–120 kg) due to lack of a specific contrain-

dication in the approved package labeling. While extremes in 

weight may present challenges regarding the predictability 

of anticoagulation activity, and many prescribers prefer not 

to use DOACs in these populations, there are currently no 

differences in dosing in the package insert based solely on 

weight.21–23 In our study, approximately one-fifth of the sub-

jects who received a DOAC weighed >110 kg, and of these, 

2 had an AE (1 on dabigatran suffered a major bleed and 1 

on rivaroxaban had a stroke/transient ischemic attack). In a 

study that assessed the safety, tolerability, pharmacokinetics, 

and pharmacodynamics of rivaroxaban in subjects of normal 

weight (70–80 kg) compared to subjects with extreme body 

weight (<50 and >120 kg), no differences were found.24 Scant 

literature is available assessing safety and efficacy in patients 

with low weight. Further studies are needed to evaluate the 

use of DOACs in patient populations with extremes in weight.

Regarding dosing of DOACs, our study found a 33% 

rate of inappropriate dosing. These findings are similar to 

a recent analysis of apixaban and rivaroxaban prescrip-

tions written by US cardiologists, where a high percentage 

(~20%) was written for a reduced dose.25 Our findings of 

rivaroxaban being more frequently dosed lower than current 

prescribing recommendations are likewise consistent with 

their findings. Apixaban was more frequently dosed inap-

propriately compared to other DOACs, with most events 

comprising doses lower than the FDA-approved prescribing 

recommendations. This result may be due to the complexity 

of recommended kidney function dose adjustments associ-

ated with apixaban, which requires an evaluation of serum 

creatinine, weight, and age compared to simply calculat-

ing CrCl with other DOACs. Caution should be exercised 

when prescribing DOACs, and particular care should be 

taken regarding the dose used in patients with kidney dys-

function. In our study, the risk of bleeding was increased 

in patients with higher CrCl, contrary to what one would 

expect. However, given the adjusted odds ratio (1.028), this 

may be of limited clinical relevance. In addition to dosage, 

the correct administration was also frequently inappropri-

ate. Issues related to administration could be explained by 

differing dosing regimens based on the indication, agent, or 

patient demographics. Some prescribers reported patients 

taking dabigatran only once daily despite being prescribed 

twice daily.

Duration of therapy was commonly potentially inap-

propriate (18.4%), with most prescribers extending anti-

coagulant therapy beyond recommendations for VTE. 

 Recommendations included in the MAI used to evaluate the 

appropriateness of duration were obtained from manufactur-

ers’ labeled indications and evidence-based guidelines. Our 

results suggest that some prescribers are uncomfortable fol-

lowing CHEST guidelines for length of DOAC therapy after 

a VTE event and prolonged therapy.8–10 While this practice 

may be suitable in various patient scenarios, a thorough 

risk-benefit analysis should be performed, along with a joint 

prescriber-patient discussion and detailed documentation. 

Alternatively, inappropriate duration of therapy could have 

been unintentional with poor documentation of DOAC start 

date, targeted duration of therapy not clearly stated in initial 

or follow-up care plan, or due to loss of follow-up.

According to our logistic regression, significant predictors 

of a bleeding AE were the number of inappropriate criteria 

met, age greater than or equal to 60 years, and calculated 

CrCl. While increasing age and impaired kidney function 

are primarily fixed risk factors associated with increased 

bleeding with anticoagulants, appropriate patient selection 

and dosing are modifiable factors that could be improved 

through specific educational and practice initiatives. In addi-

tion, patients with a history of prior bleed were significantly 

associated with more categories of inappropriateness and 

greater incidence of a bleeding AE. These patients should 

be identified early and closely monitored for the duration of 

DOAC therapy. Thromboembolic event rates were low and 

thus excluded from analysis.

While the current study provides additional data related 

to factors associated with potentially inappropriate DOAC 

prescribing and variables that may increase this risk, there are 

limitations. First, the study is retrospective with a relatively 

small sample size. Thus, it was difficult for co-investigators to 

assess patient compliance with the DOACs, which may have 

impacted the observed results. However, it did evaluate use 

in 2 different clinics and is the first study evaluating multiple 

categories of appropriateness for the 3 DOACs currently 

commercially available. Secondly, although explicit instruc-

tions were provided for each category within the MAI, the 

evaluation of appropriateness could be viewed as subjective, 

especially in situations where clear evidence-based guideline 

recommendations were lacking. However, when questions 

arose related to appropriateness in a particular case, co-

investigators were queried to ascertain agreement, thereby 

decreasing this effect. Third, due to the retrospective nature 

of this study, our results may be confounded by inaccurate 
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or incomplete documentation. This limitation was mitigated 

by verifying data with multiple sources, such as reviewing 

both outpatient and inpatient records for documentation of 

an AE. Finally, investigators noted that a large volume of 

DOAC prescribing (21.7%) was performed by outside provid-

ers or consultants (eg, cardiologists). In these cases, patients 

were seen at FM and IM clinics for their primary care, but 

anticoagulation therapy may have either been started or 

managed by specialists. Therefore, the primary care provider 

may have been reluctant to change therapy. Nevertheless, 

the investigators chose to preserve these data when analyz-

ing utilization, as appropriate use of pharmacotherapy is a 

shared responsibility.

Our results suggest several challenges associated with 

DOACs. First, strict adherence is critical, even compared to 

warfarin, due to differences in the pharmacokinetic and phar-

macodynamic profiles. Adherence to medication declines 

when comparing once-daily to more frequent administration. 

Therefore, the fact that 2 DOACs are dosed twice daily may 

be a likely source of confusion among prescribers leading to 

inappropriate dosing. Additionally, marketing strategies that 

emphasize DOACs as a “simple” alternative to warfarin do 

not take into account the real-world challenge for providers 

to remember precise prescribing details, contraindications 

and precautions, and required dose adjustments.

Improvements in clinical decision support and expan-

sion of the pharmacist’s role in prescribing and utilization 

of DOACs may help address many of the challenges associ-

ated with their use. Clinical decision support tools provided 

in electronic medical records could be developed to detect 

potential medication inappropriateness. Likewise, the 

involvement of a clinical pharmacist in the care of patients on 

DOACs could also improve their use. A pharmacist may be 

more likely to have expertise in the medication and guidelines 

for their use, the time to focus specifically on drug therapy 

management and educating the patient rather than multiple 

competing issues that a patient may have, and can assist in 

transitions of care and communication with the patient’s other 

health care providers.

Conclusion 
An evaluation of the utilization of DOACs in patients with 

NVAF and VTE within outpatient clinic settings suggests fre-

quent potentially inappropriate prescribing, which may lead 

to increased AEs, such as bleeding. These results underscore 

the importance of prescriber education regarding appropri-

ateness, dosing, and monitoring of these agents. Additional 

research is needed to identify effective interventions to reduce 

the likelihood of potentially inappropriate prescribing and 

resultant adverse sequelae.
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Table S1 adapted medication appropriateness indexa

Criteria Category Instructions

Indication A Valid indication exists

B DOAC used as a last resort or indication does not fit within reimbursement criteria

C Off-label use

Choice A DOac preferred choice: labile Inr with VKa, cI to VKa, patient preference, recurrent 
stroke/VTe on VKa, resistance to VKa

B no contraindication, not yet tested, no recurrent stroke/VTe on VKa
C Not preferred choice: severe renal insufficiency, poor compliance, need for drug monitoring, 

severe hepatic impairment, recurrent VTe/stroke on current DOac
Dosage A receives daily dose as recommended

C Inappropriate daily dose (too low or too high)

Correct administration A correct modalities of DOac intake
B limited clinical relevance for modalities of DOac intake (rivaroxaban taken in evening, 

dabigatran taken c/o meals)
C Inappropriate modalities of DOac intake (once-daily dabigatran, variable times of intake, 

rivaroxaban taken without meals)
Practical administration A No difficult taking dosage form

C Difficulties taking the drug (dabigatran BID in patients with poor compliance, dabigatran in 
patients with swallowing difficulties [capsules cannot be opened])

Drug-drug interactions A no DDI
B Potential DDI (caution or warning) without s/sx adverse event
C DDI contraindication with adverse consequence

Drug-disease interactions A no drug-disease interactions
B Potential interaction (caution or warning) without s/sx of worsening disease
C contraindicated with disease, presents high risk, or DOac used with caution and positive s/sx 

of worsening disease
Therapeutic duplication A DOac is the only antithrombotic

B concomitant anticoagulant when switching therapy (DOac to VKa)
C Duplication of antithrombotic

Duration of therapy A Duration in accordance with manufacturer indications
C Duration not appropriate based on recommendations

Notes: a = appropriate, B = inappropriate with limited clinical importance, c = inappropriate. c/o= without, s/sx = signs and symptoms. alarock as, Mullier F, sennesael al, 
et al. Ann Pharmacother, 2014;48(10),1258–1268, copyright ©2014 by saGe Publications, adapted by permission of saGe Publications.Inc.1

Abbreviations: BID, twice daily; DDI, drug-drug interaction; Inr, international normalization ratio; DOac, direct oral anticoagulant; VKa, vitamin K antagonist; VTe, 
venous thromboembolism.
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