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Introduction
The emergence of the direct oral anticoagulant 
(DOAC) drug class has drastically changed the 
landscape of anticoagulation in atrial fibrillation 
(AF). DOACs offer several advantages over war-
farin for both clinicians and patients, including 
more predictable pharmacokinetic properties, 
fewer drug–drug/food interactions, faster onset of 
action, and shorter half-lives.1,2 In addition, 

apixaban and dabigatran have shown superiority 
compared with warfarin in the prevention of 
stroke or systemic embolism in two large phase 
III clinical trials in patients with AF.3,4 
Furthermore, four approved DOAC agents (i.e. 
apixaban, dabigatran, edoxaban, and rivaroxa-
ban) have shown a decreased risk of intracranial 
hemorrhage in comparison with warfarin in large 
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landmark trials of patients with AF.3–6 As a result, 
the use of DOAC agents for anticoagulation has 
increased rapidly in the USA in recent years.7

The attractiveness of DOACs has particular 
appeal to the geriatric population. In addition to 
their established safety and efficacy data in clini-
cal trials, DOACs offer a viable option for the 
many elderly patients who have difficulty with the 
frequent monitoring requirements of warfarin 
due to mobility and/or transportation issues. 
Considering that approximately 70% of those liv-
ing with AF are between 65 and 85 years of age,8 
the recent rise in DOAC usage has major implica-
tions in the elderly population with AF.

Several studies have indicated a higher risk for 
extracranial bleeding events, particularly gastroin-
testinal bleeding, with certain DOACs in patients 
above 75 years of age.9–11 A major aspect of this 
risk may be due to the fact that all DOACs require 
some form of renal dose adjustment. Elderly 
patients are generally at higher risk for acute renal 
failure and chronic kidney disease (CKD) due to a 
number of factors, including changes in hydra-
tion status and comorbid conditions.12–14 Despite 
this, there is high quality literature that demon-
strates no significant differences in major bleeding 
with DOACs in comparison with warfarin, specifi-
cally in patients with CKD.15,16 However, these 
studies represent only randomized controlled tri-
als, limiting their real-world applicability. In addi-
tion, the authors of these studies were unable to 
perform any subgroup analysis by age, for exam-
ple, in patients above 75 years of age.

Since DOACs do not require frequent laboratory 
or point-of-care tests for the monitoring of inter-
national normalized ratio (INR), and no gold 
standard test exists for therapeutic monitoring of 
DOACs, elderly patients often exercise the option 
of less frequent provider visits. Though conveni-
ent, this could cause short- and/or long-term 
exposure to DOAC doses much higher (or lower) 
than recommended based on their renal function, 
which may increase the risk for bleeding and/or 
thrombotic adverse events.

This study seeks to determine rates of US Food 
and Drug Administration (FDA)-recommended 
dosing with three commonly used DOACs (i.e. 
apixaban, dabigatran, and rivaroxaban), and 
rationales for prescribing above or below the 
recommended range in an elderly ambulatory 
population with AF.

Methods

Study design and approval
This study was a noninterventional, single-center, 
retrospective chart review conducted at the John 
D. Dingell Veterans Affairs Medical Center 
(VAMC) in Detroit, MI, USA. The study proto-
col was approved by the Institutional Review 
Boards of both the Detroit VAMC and Wayne 
State University, also located in Detroit.

Subjects were identified if they had an active pre-
scription documented between 1 January 2011 
and 31 August 2014 for apixaban, dabigatran, or 
rivaroxaban. Patients were included in the study 
if they were taking one of these agents for the 
indication of anticoagulation in nonvalvular AF, 
and were at least 75 years of age. Patients were 
excluded if they were prescribed the drug for any 
indication other than nonvalvular AF, or if the 
drug was discontinued within 7 days of 
initiation.

Data collection
The Detroit VAMC Computerized Patient 
Record System (CPRS) was used to collect data 
on subjects meeting the inclusion criteria. Several 
baseline characteristics were collected, including 
age, gender, race, weight, comorbidities, DOAC 
dosage, and presence of clinically significant drug 
interactions (e.g. concomitant antiplatelet 
drug[s], cytochrome P450 3A4 [CYP3A4], and/
or P-glycoprotein 1-ATP-binding cassette sub-
family B member 1 [P-gp/ABCB1] inhibitor[s], 
CYP3A4 and/or P-gp/ABCB1 inducer[s], 
omega-3 fatty acids, and/or vitamin E). 
Comorbidities were identified by documentation 
either in the subjects’ Problems List or in Progress 
Notes within the CPRS. Baseline risk for stroke/
transient ischemic attack (TIA) was calculated 
using the CHADS2 score; CHADS2 score: 1 
point: presence of congestive heart failure, hyper-
tension, age > 75 years, or diabetes; 2 points: his-
tory of stroke/TIA. Baseline risk for major 
bleeding was calculated using the HAS-BLED 
score: HAS-BLED score: 1 point for any of the 
following: presence of hypertension (systolic 
blood pressure > 160 mmHg), renal disease 
(dialysis, renal transplant, or serum creatinine 
[SCr] > 2.26 mg/dL), liver disease (cirrhosis or 
bilirubin > 2 × upper limit of normal coupled 
with aspartate transaminase/alanine transami-
nase/alkaline phosphatase > 3 × upper limit of 
normal), stroke history, prior major bleeding or 
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predisposition to bleeding, labile INR (time in 
therapeutic range < 60%), age ≥ 65 years, use of 
medications predisposed to bleeding (nonsteroi-
dal anti-inflammatory drugs, antiplatelet agents, 
etc.), alcohol (≥ 8 drinks/week), or drug use. Both 
of these scores have been well validated to predict 
stroke and major bleeding risk in patients with AF 
requiring anticoagulation.17,18

FDA-recommended dosing was defined as the 
FDA-approved DOAC dose based on estimated 
creatinine clearance (CrCl) utilizing the 
Cockcroft–Gault (CG) equation, as displayed in 
Table 1.

Estimated CrCl was calculated by using sub-
jects’ actual SCr and total body weight (TBW): 
CrCl =[(140 - age) x (weight in kg)] / (serum 
creatinine in mg/dL x 72), x 0.85 if female. 
Pharmacists at our facility commonly use ideal 
body weight (IBW), no body weight (NBW) 
CrCl= 140 - age / serum creatinine in ,mg/dL( ) ( )   
x 0.85 if female , or adjusted body weight (ABW) 
in addition to TBW to estimate renal function. 
Calculation via TBW represents the manufac-
turer-recommended renal dosing,19,20 whereas 
calculation via NBW represents a conservative 
approach used by some clinical pharmacists at the 
outpatient anticoagulation clinic (AC) at the 
Detroit VAMC. If a patient’s actual body weight 

is less than IBW, TBW is always used. Our elec-
tronic medical record calculates CrCl using the 
CG equation with ABW if the patient’s actual 
body weight is more than 130% of IBW. CrCl 
estimation using the CG equation with TBW was 
performed during data collection anytime SCr 
was drawn to determine whether patients were 
initiated and maintained on the FDA-
recommended DOAC dosage throughout the 
data-collection period. If at any point during 
treatment a patient was found to be on a dose 
other than the FDA-recommended dose, irre-
spective of CrCl calculation method, that case 
was designated as a ‘dose excursion’ (under- or 
over-dosed) at the time of SCr measurement. 
Concomitant drug interactions impacting dosing 
were also taken into consideration and dose 
appropriateness was determined by study investi-
gators using FDA-approved and manufacturer-
recommended dosing information.

Study population and data analysis
The vast majority of subjects (94%) in this study 
received anticoagulation therapy and monitoring 
by the AC, which currently manages over 900 
active patients and is staffed by two full-time 
clinical pharmacy specialists 5 days per week. In 
addition to INR point-of-care testing for the pre-
scribing and management of warfarin therapy, the 

Table 1. US Food and Drug Administration-approved dosing of apixaban, dabigatran, and rivaroxaban for 
reduction of risk of stroke and systemic embolism in nonvalvular atrial fibrillation.

Standard dose Renal adjustment Severe chronic kidney 
disease or end stage renal 
disease

Apixaban 5 mg orally twice 
daily

If two or more of the 
following characteristics:
 • age ≥ 80 years
 • body weight ≤ 60 kg
 • serum creatinine ≥ 1.5 

mg/dL
Recommended dose is 2.5 
mg orally twice daily

No clinical safety/efficacy 
data for patients with end 
stage renal disease on 
dialysis or CrCl < 15 ml/
min

Dabigatran 150 mg orally 
twice daily

If CrCl 15–30 ml/min: 75 
mg orally twice daily

CrCl < 15 ml/min or 
on dialysis: dosing 
recommendations cannot 
be provided

Rivaroxaban 20 mg orally once 
daily (with the 
evening meal)

If CrCl 15–50 ml/min: 15 
mg orally once daily (with 
the evening meal)

Use in patients with CrCl 
< 30 ml/min should be 
avoided

Source: US prescribing information.19, 20, 32 CrCl, creatinine clearance.
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AC also offers protocolized care for patients 
receiving DOAC agents, including laboratory 
monitoring, assessment for adverse events, and 
adherence monitoring. DOAC patients are typi-
cally seen for an initial visit to determine which 
agent is most suitable for them based on individ-
ual patient factors. This visit is followed by a 
1-month follow-up appointment, and then every 
3–6 months thereafter based on patients’ individ-
ual risk factors for bleeding and/or thrombosis.

A total of 114 patients were identified who were 
at least 75 years of age and had an active prescrip-
tion for DOAC within the study time period. A 
total of 87 patients met the inclusion criteria and 
27 patients were excluded due to the following 
rationales: indication other than nonvalvular AF 
(13), lack of required documentation (8), less 
than 7 days of therapy (4), or prescribed one of 
the DOAC agents but never actually took the 
drug (2). Of the 87 patients included, we derived 
98 total patient cases. To explain this concept: if 
a patient was switched from one DOAC agent to 
another during the study period, as long as they 
received at least 7 days of therapy on each drug 
they were considered two separate patient cases. 
We encountered 11 of these patients during the 

study period. This ultimately resulted in 28 apixa-
ban, 34 dabigatran, and 36 rivaroxaban patient 
cases (see Figure 1). Data were collected retro-
spectively on each subject from the date of first fill 
of the DOAC prescription through 31 December 
2014. Baseline characteristics of the study popu-
lation as well as rates of FDA-recommended dos-
ing were compared using the chi-square test, 
Fisher’s exact test, or Kruskal–Wallis one-way 
analysis of variance, where appropriate. A p value 
of < 0.05 for each was considered statistically sig-
nificant. Data analysis was completed utilizing 
Statistical Analysis System V9.4.

Results
Baseline characteristics of the study population 
are outlined in Table 2. No statistically significant 
differences were found in baseline characteristics 
among the three DOAC cohorts. The average 
duration of DOAC treatment among subjects was 
293 days (standard error of mean: 30 days).

Rates of FDA-recommended dosing were compared 
across individual DOAC cohorts upon therapy 
initiation and throughout the treatment period 
based on both TBW and NBW CrCl estimation. 

Figure 1. Selection of study population. AF, atrial fibrillation; DOAC, direct oral anticoagulant.
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Table 2. Baseline characteristics of the study population.

Apixaban (n = 28) Dabigatran (n = 34) Rivaroxaban (n = 36) p value

Average age (years; median [IQR]) 82.5 (79.5–87.5) 80 (77–84) 83 (79–86) 0.06*

Male sex 27 (96%) 34 (100%) 36 (100%) 0.29$

Caucasian race 19 (67.9%) 29 (85.3%) 27 (75%) 0.26

Body mass index (kg/m2; median [IQR]) 28.8 (24.2–30.5) 28.0 (25.1–33.1) 27.9 (24.6–29.8) 0.48*

CHADS2 score  

1–2 9 (32.1%) 14 (41.2%) 16 (44.4%) 0.60

> 3 19 (67.9%) 20 (58.8%) 20 (55.6%)  

HAS-BLED score  

1–2 12 (42.9%) 20 (58.8%) 15 (41.7%) 0.29

> 3 16 (57.1%) 14 (41.2%) 21 (58.3%)  

Baseline comorbidities  

Tobacco user 2 (7.1%) 3 (8.8%) 2 (5.6%) 0.89$

Prior stroke/transient ischemic attack 6 (21.4%) 9 (26.5%) 5 (13.9%) 0.42

Coronary artery disease/Prior myocardial 
infarction

19 (67.9%) 20 (58.8%) 28 (77.8%) 0.23

Heart failure 10 (35.7%) 6 (17.7%) 6 (16.7%) 0.14

Diabetes mellitus 13 (46.4%) 17 (50%) 13 (36.1%) 0.48

Hypertension 27 (96.4%) 31 (91.2%) 34 (94.4%) 0.77$

Chronic obstructive pulmonary disease 7 (25%) 7 (20.6%) 8 (22.2%) 0.91

Peripheral vascular disease 6 (21.4%) 8 (23.5%) 12 (33.3%) 0.50

Chronic kidney disease 11 (39.3%) 7 (20.6%) 12 (33.3%) 0.26

Gastrointestinal pathology‡ 6 (21.4%) 11 (32.4%) 15 (41.67%) 0.23

Presence of potentially interacting drugs  

Aspirin 17 (60.7%) 22 (64.7%) 26 (72.2%) 0.61

Any antiplatelet agent§ 17 (60.7%) 24 (70.6%) 29 (80.6%) 0.22

Cytochrome P450 3A4 or P-glycoprotein 
1-ATP-binding cassette subfamily B 
member 1 inhibitor

15 (53.6%) 13 (38.2%) 14 (38.9%) 0.40

Cytochrome P450 3A4 or P-glycoprotein 
1-ATP-binding cassette subfamily B 
member 1 inducer

0 (0%) 0 (0%) 0 (0%) N/A

Other|| 3 (10.7%) 1 (2.9%) 6 (16.7%) 0.17$

*Calculated using the Kruskal–Wallis test.
$Calculated using the Fisher’s exact test. All other p values were calculated using the chi-square test.
‡Presence of gastroesophageal reflux disease, gastritis, or peptic ulcer disease.
§Any antiplatelet agents: aspirin, aspirin/dipyridamole, cilostazol, clopidogrel, non-acetylsalicylic acid-based nonsteroidal anti-inflammatory 
drugs, prasugrel, selective serotonin reuptake inhibitors, serotonin–norepinephrine reuptake inhibitors, ticagrelor, ticlopidine, or any 
combination thereof.
||Omega-3 fatty acids, vitamin E.
IQR, interquartile range; N/A, not available.
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Rates of FDA-recommended dosing are shown in 
Table 3. Rates are broken down by each DOAC 
cohort in three categories: dose upon initiation 
based on TBW CrCl estimation, dose throughout 
treatment based on TBW CrCl estimation, and 
dose throughout treatment based on NBW CrCl 
estimation. DOAC dosing throughout treatment 
based on NBW CrCl was also included to deter-
mine if dosing accuracy rates significantly 
improved with a more conservative CrCl 
estimation.

As shown in Table 3, upon therapy initiation and 
based on TBW CrCl, apixaban was dosed accord-
ing to FDA recommendations in 92.9% of patient 
cases, dabigatran in 91.2% of cases, and rivaroxa-
ban in 86.1% of cases, but these differences were 
not found to be statistically significant (p = 0.70). 
FDA-recommended dosing was maintained 
throughout treatment at the highest rates with 
dabigatran (88.2% based on TBW CrCl, 91.2% 
based on NBW CrCl), compared with both apixa-
ban (78.6% based on both TBW and NBW CrCl) 
and rivaroxaban (58.3% based on TBW CrCl, 
72.2% based on NBW CrCl). However, the only 
rate difference that was found to be statistically 
significant was that of dabigatran (throughout 
treatment based on TBW CrCl) at 88.2%, versus 
rivaroxaban at 58.3% in the same measurement 
(p = 0.005).

Dose excursions (represented by patients 
exposed to a non-FDA approved DOAC dose at 
any point during therapy) were documented by 

study investigators with each SCr measurement 
in all patient cases. A total of 25 patients experi-
enced a dose excursion(s) at one or more 
instances during therapy, including 10 patients 
that were actually initiated on a non-FDA 
approved dose. Rationales for dose excursions in 
each case are displayed in Table 4.

The most common rationales for dose excursions 
were as follows: patient fluctuation in renal func-
tion near the dosing cutoff (8 of 25 patients expe-
riencing excursion[s]; 32%) and requests or 
recommendations from providers outside the 
pharmacist-led AC who were comanaging the 
patient’s drug therapies (8 of 25 patients experi-
encing excursion[s]; 32%). Other rationales for 
dose excursions are listed in Table 4. Overall, 
prescription and/or maintenance of a reduced 
dose (below what is FDA-recommended based 
on CrCl) was most commonly encountered (24 
of 25 [96%] of patients experiencing excursion[s]), 
versus only one patient who was maintained on 
the standard dose of dabigatran (150 mg twice 
daily) despite a one-time CrCl estimation of less 
than 30 ml/min. Further analysis of patients that 
experienced a dose excursion(s) revealed that 16 
of 25 (64%) of these patients had a HAS-BLED 
score of 3 or more. Similarly, 16 of 25 (64%) of 
these patients had a CHADS2 score of 3 or more. 
This indicates that although the majority of these 
patients were characterized as having a high risk 
for both bleeding and/or thrombosis,17,18 most of 
these patients were dosed at lower than the FDA-
recommended dose.

Table 3. Rates of US Food and Drug Administration-recommended dosing across direct oral anticoagulant 
groups.

Apixaban (n 
= 28)

Dabigatran (n 
= 34)

Rivaroxaban 
(n = 36)

p value(s)

Upon initiation  
(TBW CrCl)

26 (92.9%) 31 (91.2%) 31 (86.1%) 0.70*

Throughout treatment 
(TBW CrCl)

22 (78.6%) 30 (88.2%) 21 (58.3%) 0.01
0.005D-R

0.30D-A

0.09R-A

Throughout treatment 
(NBW CrCl)

22 (78.6%) 31 (91.2%) 26 (72.2%) 0.13

*Calculated using the Fisher’s exact test. All other p values were calculated using the chi-square test.
D-RChi-square comparison of dabigatran cohort versus rivaroxaban cohort.
D-AChi-square comparison of dabigatran cohort versus apixaban cohort.
R-AChi-square comparison of rivaroxaban cohort versus apixaban cohort.
CrCl, creatinine clearance; NBW, no body weight; TBW, total body weight.
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For patients in the study population that switched 
DOAC therapy during the data-collection period, 
the most common switch encountered was from 
dabigatran (3) or rivaroxaban (4) to apixaban (7 
of 11; 64% of switches). Rationales for switches 
were highly variable, though all patients who 
switched from rivaroxaban to apixaban did so due 
to minor bleeding events (hematuria [2], exces-
sive bruising [1], and recurrent epistaxis [1]) 
experienced while taking rivaroxaban.

Discussion
In our study, the use of a DOAC-dosing strategy 
utilizing multiple estimations for CrCl led to rates 
of FDA-approved dosing of 86.1–92.3% upon 
therapy initiation, and 58.3–88.2% throughout 
treatment, for the three DOACs studied. These 
findings are relatively consistent with existing 
real-world data that show off-label dosing of 
DOACs occurring at rates from 13% to as high as 
57%.21–24

We found that the majority (96%) of dose excur-
sions outside the FDA-approved range were repre-
sentative of under-dosing. Many of these instances 
occurred due to patient fluctuation in estimated 
CrCl near the dosing cutoff for the DOAC being 
used. For example, 10 of 15 (66.7%) patients 

who experienced dose excursions while on rivar-
oxaban did so due to fluctuation in CrCl near 50 
ml/min, the cutoff for 20 mg daily versus 15 mg 
daily dosing. These findings reveal that even in an 
AC setting with diligent laboratory monitoring, 
maintaining elderly patients on FDA-
recommended doses of DOACs can be extremely 
difficult. Many other factors may have played a 
role in under-dosing, including the high preva-
lence of concomitant aspirin and/or other anti-
platelet drug(s), and clinician concern for the risk 
of major bleeding potentially outweighing the risk 
of thromboembolic events in this population. 
This risk versus benefit ratio has raised significant 
debate regarding the safety and efficacy of 
reduced, off-label DOAC doses. Recent retro-
spective data from the Outcomes Registry for 
Better Informed Treatment of Atrial Fibrillation 
(ORBIT-AF II) has shown under-dosing of 
DOACs to be associated with an increase in 
cardiovascular hospitalization (adjusted hazard 
ratio 1.26; 95% confidence interval 1.07–1.50; 
p = 0.007)23 and higher unadjusted rates of throm-
boembolic events and death (though not statisti-
cally different after adjustment).24 In addition, a 
recent retrospective propensity weighed cohort 
study of over 55,000 patients with AF and a mean 
age of 74 years, trialed on a low-dose DOAC 
(apixaban 2.5 mg twice daily, dabigatran 110 mg 

Table 4. Assessment of rationales for dose excursions across direct oral anticoagulant groups.

Number of patients 
experiencing dose 
excursions (25)

Rationales for excursion outside US Food and Drug 
Administration-recommended dosing

Apixaban 6 • Reduced dose due to:
°  drug interaction with amiodarone (1)
°  outside provider recommendation (1)
°  bilateral knee amputation (1)
°  fluctuation in body weight near the dosing cutoff (1)
°  age nearing 80 years (1)

• Maintained reduced dose, despite serum creatinine 
temporarily < 1.5 mg/dl (1)

Dabigatran 4 • Reduced dose due to:
°  outside provider recommendation (2)
°  fluctuation in estimated CrCl near the dosing cutoff (1)

• Maintained standard dose despite estimated CrCl 
temporarily < 30 ml/min (1)

Rivaroxaban 15 • Reduced dose due to:
°  fluctuation in estimated CrCl near the dosing cutoff (7)
°  outside provider recommendation (5)

• Maintained reduced dose despite estimated CrCl 
temporarily > 50 ml/min (3)

CRCl, creatinine clearance.
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twice daily, or rivaroxaban 15 mg daily) or warfa-
rin was performed by Nielsen and colleagues. 
Patients were restricted to lowered DOAC doses, 
despite the fact that only 7.8% of the total study 
population had any form of renal dysfunction.25 
Interestingly, no statistically significant differ-
ences were found in the rates of ischemic stroke/
systemic embolism across the four groups. 
Dabigatran 110 mg twice daily displayed signifi-
cantly lower rates of bleeding than warfarin, but 
no difference in bleeding was found for apixaban 
or rivaroxaban when compared with warfarin.25 
These studies add to the continuous debate in the 
USA about whether DOAC dosing should be 
based solely on renal function versus a more indi-
vidualized approach adopted by other interna-
tional regulatory agencies.26

We also found that rivaroxaban had the lowest 
rate of FDA-approved dosing throughout treat-
ment, but this was statistically significant only in 
comparison with dabigatran. Interestingly, a simi-
lar study by Whitworth and colleagues in 120 
patients with nonvalvular AF or venous thrombo-
embolism (VTE) found apixaban to be the most 
commonly misdosed agent.22 However, these 
patients were significantly younger (average age 
66 years), and DOAC dosing for VTE treatment 
differs significantly to that of dosing for antico-
agulation in nonvalvular AF, which may explain 
our conflicting findings.

The most evident challenge experienced by our 
AC clinic and likely many others is accurately 
estimating patients’ renal function, which can 
vary greatly depending on choice of patient weight 
used (e.g. TBW, IBW, ABW, etc.) in the numera-
tor of the CG equation. The Randomized Evaluation 
of Long-term Anticoagulant Therapy (RE-LY) 
and Rivaroxaban Once daily, oral, direct factor 
Xa inhibition compared with vitamin K antago-
nism for prevention of stroke and Embolism Trial 
in Atrial Fibrillation (ROCKET-AF) trial investi-
gators used TBW to calculate estimated CrCl in 
dabigatran and rivaroxaban patients, respectively.27 
Therefore it would appear most appropriate to 
use TBW in CrCl estimation to dose these two 
agents. However, a large meta-analysis performed 
by Wilhelm and Kale-Pradhan in 2011 compared 
24 hour measured CrCl with CG estimated CrCl 
in over 1100 patients using various body weights 
to determine the most accurate predictor of meas-
ured CrCl. The authors found that using the CG 
equation with NBW and actual SCr most closely 
predicted measured CrCl, and provided a better 

estimate than using TBW (which overestimated 
measured CrCl) or IBW (which underestimated 
measured CrCl).28 This study justifies the dosing 
approach used at our AC, as described above. It 
is important to note that other renal function esti-
mations, such as the use of serum cystatin C (ver-
sus SCr), may provide more conservative 
estimations, especially in frail elderly patients.29 
Though not routinely used in the USA, calcula-
tion with serum cystatin C may be useful in 
DOAC dosing, especially in frail patients with 
mild or moderately reduced kidney function and 
other risk factors for bleeding.

DOAC selection based on other factors (besides 
renal function) may alleviate some concern over 
fluctuating or difficult-to-estimate renal function 
commonly seen in elderly patients. For example, 
dabigatran was recently placed on the Beers List 
by the American Geriatrics Society as potentially 
inappropriate for use in older adults.30 As seen in 
our study, rivaroxaban may present the most dif-
ficulty in accurately dosing due to its higher CrCl 
dosing cutoff of 50 ml/min. With that said, an 
agent such as apixaban, with the lowest amount 
of renal excretion (27%) of any DOAC,31 and 
dosing based on weight, age, and actual SCr32 
(rather than estimated CrCl) may be a favorable 
choice, particularly for those with documented 
fluctuations in renal function. Of note, measures 
of therapeutic drug monitoring are available for 
DOACs (dilute thrombin time and/or ecarin clot-
ting time for direct thrombin inhibitors, and anti-
activated factor X assay for factor Xa inhibitors), 
but are not currently recommended for routine 
use due to a number of factors, including cost and 
drug-specific calibration requirements.33

Several limitations apply to our study. Most nota-
bly, our study population was much smaller in 
comparison with most other studies that evaluate 
DOACs in AF. However, our study was designed 
to assess retrospectively DOAC doses prescribed, 
for which a small study population with descrip-
tive outcomes can suffice. This being a retrospec-
tive chart review study at a single center, we were 
limited to clinical documentation found only in 
the Detroit VAMC CPRS. It is important to note 
that all but one patient were men, which is to be 
expected in a cohort of patients within a VA 
health system. However, evidence to this point 
has shown no significant differences in DOAC 
safety or efficacy with respect to gender.34,35 
Lastly, the most recently approved DOAC agent, 
edoxaban, was not included in our study since it 
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was not approved for use in the USA until January 
2015, after the end of the data-collection period.

This study was conducted to provide anticoagula-
tion providers with an example of how often 
patients can be exposed to non-FDA recom-
mended doses of DOACs, even in a setting with 
stringent laboratory monitoring and more fre-
quent patient visits. Our study gives a real-world 
perspective of the challenge faced by clinicians in 
dosing, monitoring, and the overall management 
of anticoagulation with DOAC therapy in geriat-
ric patients. We hope that this study supports fur-
ther research, through comparison and/or 
compilation of data from existing AF registries 
and other anticoagulation settings, to help us 
establish the most accurate and effective dosing 
strategies for DOACs in the elderly.
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