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BACKGROUND/OBJECTIVE: Direct-acting oral antico-
agulants (DOACs) are increasingly used to prevent or treat
thromboembolism. We conducted a study to compare how
well initial DOAC prescribing for adult inpatients adhered
to dosing recommendations approved by the US Food and
Drug Administration (FDA).

DESIGN: Retrospective analysis.

SETTING: Single academic medical center, July 1, 2014 to
June 30, 2015.

PATIENTS: 508 adult inpatients.

MEASUREMENTS: DOAC prescriptions were evaluated to
determine whether they met FDA-recommended dosing and
administration according to patient age, weight, sex, race,
kidney function, diagnoses, and concomitant medications.

RESULTS: DOACs were prescribed in 635 admissions (247
apixaban, 97 dabigatran, 291 rivaroxaban). The indication was
atrial fibrillation/flutter in 465 admissions (8% with bioprosthe-
ses or valve repair), chronic deep vein thrombosis (DVT) in 67,

acute DVT in 32, chronic pulmonary embolism in 23, acute pul-
monary embolism in 19, DVT prevention after hip or knee sur-
gery in 19, and non-FDA-approved indications in 10. Sixteen
percent of orders for venous thromboembolic disease were for
patients with active malignancy. Dosages not concordant with
recommendations were prescribed for apixaban in 18% of ad-
missions, for rivaroxaban in 14%, and for dabigatran in 7% (P
= 0.04). Lower than recommended dosing was more common
than higher than recommended dosing (P < 0.05). Half the de-
viations were continuations of outpatient dosing. Atrial fibril-
lation/flutter and post-hip or -knee surgery dosing deviations
were more common than venous thromboembolic disease de-
viations (P < 0.001) but were not related to prescriber specialty.

CONCLUSIONS: DOAC prescribing recommendation devia-
tions that can affect clinical efficacy were identified. Education
and point-of-care decision support tools for improving dos-
ing are needed, as are outcome data for patients who receive
DOACs at lower than recommended dosing or for off-label
indications. Journal of Hospital Medicine 2017;12:544-550. ©
2017 Society of Hospital Medicine

Direct-acting oral anticoagulants (DOACs) have been in-
troduced into clinical use for stroke prevention in patients
with nonvalvular atrial fibrillation (NVAF), prevention of
venous thrombosis after hip or knee surgery, and treatment
of deep vein thrombosis (DVT) and pulmonary embolism
(PE).1'" Advantages of DOACs over warfarin are often stat-
ed as fixed dosing, minor drug and food interactions, wider
therapeutic index, and no need for laboratory test monitor-
ing.!® Yet, recommended DOAC dosages vary by renal func-
tion and therapeutic indications. Dosing recommendations
for prevention of stroke in patients with NVAF are based
on estimated creatinine clearance (dabigatran, rivaroxaban,
edoxaban), age (apixaban), weight (apixaban, edoxaban),
serum creatinine level (apixaban, edoxaban), and pres-
ence of cirrhosis by Child-Pugh class”!® (apixaban, edox-
aban).*®!112 Dosing recommendations based on coadminis-
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tration of strong CYP34A and P-glycoprotein inhibitors or
inducers vary by DOAC. In addition, dabigatran cannot be
crushed and must be stored in its original packaging, and
rivaroxaban should be taken with food when the dose is over
10 mg.

We studied DOAC prescribing in adults admitted to a large
academic medical center by comparing initial prescribed
dosing with FDA -approved prescribing information. We hy-
pothesized that the complexity of DOAC dosing may not be
recognized by prescribers.

METHODS

Our study protocol was approved by the Committee on Hu-
man Research (Institutional Review Board) of the Universi-
ty of California San Francisco.

Data Collection

We used electronic medical records (EMRs) to identify adult
inpatients who were prescribed a DOAC (apixaban, dabig-
atran, edoxaban, or rivaroxaban) at the University of Cali-
fornia San Francisco Medical Center, a large academic hos-
pital, between July 1, 2014 and June 30, 2015. Demographic
and medical information related to therapeutic indications,
contraindications, and indications for dose adjustments
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were collected and included diagnoses classified
by International Classification of Diseases, Ninth
Revision (ICD-9) and Tenth Revision (ICD-10) for
venous thromboses; phlebitis or thrombophlebitis;
PE or venous embolism; atrial arrhythmias; sur-
gical procedures; cirrhosis and/or ascites or liver
disease; coagulopathies; artificial heart valves or
implanted devices; prior use of medications in-
cluding parenteral anticoagulants; and laboratory
data obtained before the first DOAC order (serum
creatinine level, estimated glomerular filtration
rate [eGFR] determined by Chronic Kidney Dis-
ease Epidemiology Collaboration,!® international
normalized ratio, or, if available, activated partial
thromboplastin time and bilirubin level). Creat-
inine clearance was calculated with the Cock-
croft-Gault method!* using total body weight, per
drug label recommendation. Child-Pugh class was
calculated if cirrhosis was diagnosed.'® DOAC
dose, frequency, dosing directions, and prescriber
medical specialty were determined.

Accuracy of search results was confirmed by
review of the first 200 patients’ records. Records
were manually reviewed for encounters lacking
ICD-9/10 codes and approved DOAC indications
(30%) and encounters having multiple coded di-
agnostic indications (to identify the indication).
ICD-9 codes for venous thrombosis were reviewed
to differentiate acute from chronic events.

Data Analysis

The main outcome was concordance or discor-
dance between the first DOAC prescribing order
and the FDA-approved prescribing information
at the time. Initial classification, performed by 2
independent reviewers (a pharmacist and a phy-
sician, or 2 pharmacists), was followed by adjudi-
cation and individual record review (by 2 inde-
pendent reviewers) of all initial prescribing orders
classified as discordant. A third reviewer adjudi-
cated any disagreement. Records and notes were
reviewed to identify stated or potential reasons for
dosing variation and pre-admission prescriptions.
Data are presented as means and standard devia-
tions (SDs) and as raw numbers and percentages.
Differences in patient characteristics by DOAC or
therapeutic indication were determined by analysis
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TABLE 1. Patient Demographics

Demographic Total Apixaban  Dabigatran Rivaroxaban
Patients, n 508 191 75 242
Sex, n

Male 286 102 51 133

Female 222 89 24 109
Race, n

Black 34 13 2 19

White 316 111 49 156

Asian 67 36 10 21

Native American or Pacific Islander 10 5 1 4

Other 61 21 9 31

Unknown 19 5 3 1
Ethnicity, n

Hispanic 45 17 6 22

Non-Hispanic 445 168 68 209

Unknown 18 6 1 1
Age,y

Mean 68.6 722 70.2 65.2

SD 14.7 13.8 12.0 15.3

Range 19-98 19-98 33-94 20-97
Weight, kg

Mean 829 78.8 86.8 84.9

SD 248 252 24.3 24.4

Range 36.4-2255  36.4-179.8  49.1-156.8  39.3-225.5
Height, cm

Mean 170.5 169.5 173.2 170.4

SD 1 10.3 10.0 1.6

Range 1435-203.2 143.5-1956 152.4-198.1 147.3-203.2
Body mass index, kg/m?

Mean 28.4 272 28.7 29.2

SD 7.2 6.8 7.3 7.2

Range 14.4-71.3 14.8-50.9 17.6-59.0 14.4-71.3
Creatinine level, mg/dL

Mean 1.1 1.1 1.0 1.0

SD 0.7 1.0 0.4 03

Range 0.3-10.9 0.4-10.9 0.4-24 0.3-2.3
Estimated creatinine clearance,® mL/min

Mean 86.9 772 88.7 941

SD 48.8 50.0 48.0 473

Range 4-297 4-297 18-261 24-267

2Calculated with Cockcroft-Gault method using total body weight.
NOTE: Significant differences were detected between DOAC groups for age (rivaroxaban vs apixaban or dabigatran, P < 0.02), weight
(rivaroxaban vs apixaban, P < 0.02), body mass index (rivaroxaban vs apixaban, P < 0.02), and creatinine or estimated creatinine
clearance (apixaban vs rivaroxaban) by analysis of variance post hoc Bonferroni-Dunn method. No significant differences between sex
or race proportions for DOAC groups were detected. Abbreviations: DOAG, direct-acting oral anticoagulant; SD, standard deviation.

of variance (ANOVA) with Bonferroni correction for post hoc
comparisons. Dosing information was categorized as the same
as recommended, lower than recommended, higher than
recommended, or avoid drug use (drug—drug or drug—disease
interaction), per FDA-approved prescribing information,
and y* tests were used to determine whether variation in
dosing occurred by individual DOAC, therapeutic indica-
tion, or prescriber specialty. Relationships between dosing
variation and age or renal function were tested by ANOVA

with Bonferroni correction for post hoc comparisons.

RESULTS

There were 635 admissions with apixaban, dabigatran, or ri-
varoxaban prescribed for 508 patients (Table 1). Edoxaban
was not on the formulary and not prescribed during the
period studied. The therapeutic indication was prevention
of embolic stroke in patients with atrial fibrillation/flutter
or AF (465 admissions, or 73%, with valvular disease and/
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or tissue valve in 35), chronic DVT (67 ad-
missions, or 11%, with active malignancy in
14), acute DVT (32 admissions, with malig-
nancy in 2), chronic PE (23 admissions, with
malignancy in 3), acute PE (19 admissions,
with malignancy in 4), and DVT prevention
after hip or knee surgery (19 admissions).
DOACs were prescribed for unapproved
indications in 10 admissions, and these
were excluded from further analysis (mu-
ral thrombus in 3 admissions, low ejection
fraction in 2, bedrest immobilization in 2,
aortic aneurysm in 1, thrombocytosis in 1,
and extensive superficial venous thrombosis
in 1) (Table 2).

Patients with AF were older with lower
creatinine clearance compared to patients
with other diagnoses. Mean (SD) patient age
was 72.1 (12.7) years for AF, 53.1 (10.9) years
for chronic PE, 55.5 (14) years for acute PE,
56.4 (15.9) years for chronic DVT, 57.9
(18.4) years for acute DVT, and 61.4 (11.6)
years for DVT prevention after hip or knee
surgery (P < 0.0001 for all comparisons).
Mean (SD) estimated creatinine clearance
was 76.8 (43.5) mL/min for AF, 92.4 (44.4)
mL/min for DVT prevention after hip or
knee surgery, 111 (53) mL/min for chron-
ic DVT, 118 (55) mL/min for acute DVT,
126 (60) mL/min for chronic PE, and 127
(54) mL/min for acute PE (P < 0.0001 for
all comparisons). Differences between pa-
tient groups by therapeutic indication were
not detected for weight, body mass index, or
serum creatinine level.

The most frequent deviation from pre-
scribing recommendations was omission of
directions to administer rivaroxaban with
food—93% (248/268) of orders—but not for
DVT prevention after hip or knee surgery,
for which the 10-mg dose is appropriately
administered without food. Doses were the
same as recommended for 82% of apixaban
orders, 84% of rivaroxaban orders, and
93% of initial dabigatran orders (P < 0.05
for differences; Table 3). Dosages not con-
cordant with FDA recommendations were
prescribed in 44 (18.1%) of 243 apixaban
orders, 41 (14.3%) of 286 rivaroxaban or-
ders, and 7 (7.2%) of 89 initial dabigatran
orders. Lower than recommended doses
were more common than higher than rec-
ommended doses (Table 3, Figure 1): 15.2%
versus 2.1% of apixaban orders, 9.4% versus
3.5% of rivaroxaban orders, and 4.2% versus
1.0% of initial dabigatran orders (P < 0.05).

TABLE 2. Treatment and Therapeutic Indications and Prescriber

Specialties by Admission

Total Apixaban Dabigatran  Rivaroxaban

Treatment Indication
Initial DOAC orders, n (% row) 635 247 (38.9%) 97 (15.3%) 291 (45.8%)
With >1 admission

n (% row) 96 44 (45.8%) 13 (13.5%) 39 (40.6%)

% column 15.1% 17.8% 13.4% 13.4%
Therapeutic Indication
Atrial fibrillation/flutter (valvular disease, n = 35)

n (% row) 465 224 (48.2%) 71 (15.3%) 170 (36.6%)

% column 73.2% 90.7% 73.2% 58.4%
Acute PE (active malignancy, n = 4)

n (% row) 19 3(15.8%) 0 16 (84%)

% column 3.0% 1.2% 0 5.6%
Chronic PE (active malignancy, n = 3)

n (% row) 23 1(4.3%) 2 (8.7%) 20 (87.0%)

% column 3.6% 0.4% 2.1% 7.3%
Acute DVT (active malignancy, n = 2)

n (% row) 32 7 (21.8%) 6 (18.8%) 19 (59.4%)

% column 5.0% 2.8% 6.3% 6.5%
Chronic DVT (active malignancy, n = 14)

n (% row) 67 7(10.4%) 17 (25.4%) 42 (62.7%)

% column 10.6% 2.9% 17.7% 14.6%
DVT prevention (hip or knee surgery)

n (% row) 19 1(5.3%) 0 18 (94.7%)

% column 3.0% 0.4% 0 6.2%
Unapproved indication?

N (% row) 10 4 1 5

% column 1.6% 1.6% 1.0% 2.1%
Prescriber Specialty
Cardiology

N (% row) 202 113 (55.9%) 22 (10.9%) 67(33.2%)

% column 31.7% 45.7% 22.7% 22.9%
Emergency medicine

n (% row) 60 34 (56.7%) 1(3.3%) 24(40%)

% column 9.4% 13.8% 2.1% 8.2%
Hospital medicine

n (% row) 131 35 (26.7%) 26 (19.8%) 70 (53.4%)

% column 20.6% 14.2% 26.8% 24.1%
Other medical specialty

n (% row) 64 19 (29.7%) 16 (25.0%) 29 (45.3%)

% column 10.1% 7.7% 16.5% 10.0%
Surgery

n (% row) 132 41 (31.8%) 28 (21.2%) 63 (47.7%)

% column 20.7% 16.6% 28.9% 21.6%
Orthopedic surgery

n (% row) 47 6 (12.8%) 3(6.4%) 38 (80.9%)

% column 7.4% 2.4% 3.1% 13.1%

#Mural thrombus in 3 patients, low ejection fraction in 2, immobilization in 2, thrombocytosis in 1, aortic aneurysm in 1, and superficial venous

thrombosis in 1.

NOTE: Abbreviations: DOAC, direct-acting oral anticoagulant; DVT, deep vein thrombosis; PE, pulmonary embolism.
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TABLE 3. Observed Direct-Acting Oral Anticoagulant Dosing Compared With Prescribing Recommendations

Dosing vs Prescribing Recommendation, n (%)

n Same As Higher Than Lower Than Avoid Use

Direct-Acting Oral Anticoagulant

Apixaban 243 199 (81.9) 5(2.1) 37(15.2) 2(0.8)

Dabigatran 96 89 (92.7) (1.0) 4(4.2) .

Rivaroxaban 286 245 (85.7) 10 (3.5) 27 (9.4) 4(1.4)
Therapeutic Indication®

Atrial fibrillation/flutter 465 384 (82.6) 143.0) 63 (13.5) 4(0.1)

Acute PE 19 18 (94.7) 0(0) 1(6.3) 0(0)

Chronic PE 23 20 (87.0) 0(0) 1(4.3 28.7)

Acute DVT 32 29 (90.6) 0(0) 2(6.3) 1(3.1)

Chronic DVT 67 66 (98.5) 0(0) 1(1.5) 0(0)

DVT prevention (hip or knee surgery) 19 16 (84.2) 2(10.5) 0(0) 1(56.3)

2P = 0.04 for dose same as recommended between DOACs; P = 0.06 for dose-direction differences between DOACs.

P =0.001 for differences from recommended analyzed by therapeutic indication.

NOTE: Ten patients who were receiving DOACs for unapproved indications were not included in analyses (see text). Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism.

Failure to avoid drug use (for potential drug—drug or drug—
disease interactions) was uncommon (1%-2%). There were
more deviations from recommended doses for patients with
AF or DVT prevention after hip or knee surgery than for
patients with acute or chronic PE or acute DVT (Table 3).
No significant differences were detected between prescribed
and recommended doses by prescriber specialty.

In most cases, a reason for deviating from FDA dosing rec-
ommendations was not stated in the EMR. The exception
was fluctuating renal function, which was cited in 8 cases.

For apixaban, patients who were prescribed lower than
recommended doses were older than those prescribed rec-
ommended doses: mean (SD), 78.1 (12.2) years versus 71
(13.6) years (P = 0.003). Seventy-six percent of those pre-
scribed lower than recommended doses were older than 75.
Prescriptions for apixaban at lower than recommended doses
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FIG. Comparison of initial direct-acting oral anticoagulant dosing
with FDA-recommended dosing.

NOTE: Percentage of initial orders for apixaban, dabigatran, and rivaroxaban, categorized as same as recommended,
lower than recommended, higher than recommended, and avoid drug use, per FDA-approved prescribing information.
Abbreviation: FDA, US Food and Drug Administration.

were continuations of prior outpatient prescriptions in 20
of 37 cases (almost half), and in 12 cases (one-fourth) anti-
platelet drugs were coprescribed (aspirin in 10 cases, clopi-
dogrel in 1, prasugrel in 1). For rivaroxaban, older age was
associated with both lower than recommended dosing (P =
0.003) and higher than recommended dosing (P < 0.001).
Variations from prescribing recommendations were contin-
uations of outpatient rivaroxaban doses in about two-thirds
(26 of 41; 63.4 %) with 13 receiving antiplatelet drugs. For
dabigatran, 6 of 7 orders not in agreement with recommenda-
tions were continuations of outpatient dosing.

The specific equation used to estimate renal function also
had the potential to lead to dosing errors. Among the 41 rivar-
oxaban patients categorized as receiving doses discordant with
recommendations, 8 would have had an inappropriate DOAC
dose if eGFR were used instead of eCrCL as recommended.
No relationships were detected for other patient variables/
measures and dosing deviations from recommendations.

DISCUSSION

We examined initial hospital orders for DOACs in adults
admitted to a single academic medical center during 2014-
2015. Dabigatran, apixaban and rivaroxaban were prescribed
for prevention of stroke in patients with atrial fibrillation/
flutter (AF) in three quarters of the encounters similar to
national patterns. (15) Prescribing departures from FDA -ap-
proved recommendations ranged from failure to prescribe
rivaroxaban with food to failure to recognize drug-drug in-
teractions in 1% to 2%. Unexpectedly, lower than recom-
mended dosing was more common than higher than recom-
mended dosing of the three DOAC:s.

Rivaroxaban bioavailability is dose dependent with the
presence of food required to enhance absorption for doses
over 10 mg that are used for prevention of stroke in patients
with non-valvular AF or treatment of DVT or PE.>1¢ Peak
rivaroxaban concentrations are 75% higher and the total

An Official Publication of the Society of Hospital Medicine

Journal of Hospital Medicine Vol 12 | No 7 | July 2017 547



Schwartz et al | Dosing Accuracy of Direct Oral Anticoagulants

area under the concentration vs. time curve after dosing is
40% higher when rivaroxaban is administered with high fat
high calorie meals compared to the fasting state.!® If rivarox-
aban is not administered with food, drug concentrations and
pharmacologic effects may be less than in clinical trials that
specified co-administration with food.!"!? A small survey of
outpatients receiving rivaroxaban found that 23% reported
taking it without food.?*® With electronic pharmacy systems
in almost all hospitals and electronic prescriber order entry
in most, automated addition of directions for rivaroxaban
administration with food for doses over 10 mg to labels or
dispensing instructions could easily correct this deviation
from recommended practice.

Lower than recommended doses were prescribed in 9.4%
of orders for rivaroxaban and 15.2% of orders for apixaban,
with dose-deviations often appearing to be a continuation of
outpatient doses. Patients 75 years or older were more likely
to receive lower than recommended dosing of apixaban. Re-
ductions in apixaban doses from 5 mg twice daily to 2.5 mg
twice daily are recommended in patients with non-valvular
AF with two of the following criteria: age >80 y, weight <60
kg, serum creatinine >1.5 mg/dL or co-administration of a
strong PgP inhibitor to a patient without 2 of the 3 dose
reduction criteria. Our study was not designed to determine
reasons for under-dosing, but we speculate that clinicians
may have considered patients aged 75-79 years to be similar
to those 80 years of age or older, or, older and not as healthy
as those enrolled in randomized trials.?'* The median age of
our patients with AF receiving apixaban was 75y (interquar-
tile range of 16) vs 70y ( interquartile range 63-76) in the
pivotal trial comparing warfarin to apixaban.?! Renal func-
tion was also lower with 37% having eCrCL below 50 mL/
min compared to 17% in ARISTOTLE. (21). Twenty-six
percent of our apixaban-treated AF patients qualified for the
lower 2.5 mg twice daily compared to only 5% of ARISTO-
TLE participants,’! further suggesting differences between
patients in our sample compared to randomized trial partic-
ipants.

Concerns regarding bleeding or falls in older patients, may
also have contributed to lower than recommended doses.
Recent analyses of patients at risk for falls confirmed that
increased risk of falling was associated with more bone frac-
tures, bleeding and all-cause death but not stroke or systemic
emboli, and with less severe bleeding with the DOAC edox-
aban compared to warfarin.?® While a rationale for personal-
ized or lower than recommended dosing of apixaban may ex-
ist in very old patients and those at risk of falls and bleeding,
more data are needed to determine outcomes of lower than
recommended doses of DOACs before such an approach can
be endorsed. Monitoring of anticoagulant effect in patients
who receive doses lower than those investigated in clinical
trials could provide important information. The assays that
measure DOAC effects are likely to be more available be-
cause of the use of reversal agents in the setting of bleeding
with DOACs.?

We had anticipated higher than recommended dosing

for rivaroxaban as recommendations are based on creati-
nine clearance while laboratories routinely report estimated
glomerular filtration rate (eGFR) that can provide higher
estimates of renal clearance and estimated DOAC doses in
older and smaller individuals.?® Higher than recommended
dosing was found in only 3.5% of our sample. In half, eGFR
estimates were higher than creatinine clearance estimates.
An international postmarketing registry of rivaroxaban use
for the prevention of stroke in patients with NVAF which
included outpatients, found that 36% of those with creati-
nine clearances below 50 mL/min received a dose higher than
recommended, and 15% received a dose lower than expect-
ed.”? A more recent outpatient registry report on patients
with NVAF, in which apixaban, dabigatran, or rivaroxaban
was administered, found that overall 9.4% received a dose
lower than recommended, and 3.4% were overdosed, with a
similar percentage (34%) of rivaroxaban patients with cre-
atinine clearance of 15 to 50 mL/min receiving higher than
recommended dosing.”® The lower rate of higher-than-rec-
ommended doses that we observed may have been related to
the routine measurement of serum creatinine and attention
to dosing adjustments for renal function in the inpatient set-
ting compared to the outpatient setting. In addition, renal
function data may not be available to outpatient pharma-
cies, limiting potential input on dosing recommendations.
At least one cardiac society recommends monitoring of re-
nal function in patients treated with DOACs, annually in
patients with normal estimated creatinine clearance and
more frequently (at intervals in months equal to the cre-
atinine clearance divided by 10) in patients with abnormal
creatinine clearance.!! A hospital encounter provides an op-
portunity to assess or reassess renal status to optimize DOAC
dosing.

Dabigatran was the first DOAC introduced into use in the
United States with the same dose recommended for preven-
tion of stroke in patients with AF or venous thromboembol-
ic disease with reductions for creatinine clearance below 30
mL/min or creatinine clearance between 30 and 50 mL/min
and concomitant use of the potent P-glycoprotein inhibitor
dronedarone or systemic ketoconazole. The relative simplic-
ity of dosing may have been responsible for the lowest rate
of prescribing outside of recommendations observed in this
study, but the low dabigatran use limits analyses of contrib-
uting factors.

Failure to avoid drug use in combination with use of
strong P-glycoprotein inducers or inhibitors was infrequent
but should be preventable. Current prescribing recommen-
dations refer to “strong” P-glycoprotein inhibitors and list
different specific agents that interact with each DOAC
without a standardized definition or classification. Standard-
ized classifications or reference sources would be helpful.

Our primary goal in this study was to compare initial pre-
scribed dosing of DOACs with FDA-approved prescribing
directions. However, therapeutic indication data warrant
discussion. In our sample, 7.5% of patients with AF had bio-
prosthetic valves or recent mitral valve repair or replacement.
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Using the NVAF definition found in the 2014 AHA/ACC/
HRS (American Heart Association, American College of
Cardiology, Heart Rhythm Society) AF guidelines'—*“ab-
sence of rheumatic mitral valve disease, a prosthetic heart
valve, or mitral valve repair"—these patients would not ap-
pear to be candidates for DOACs. However, arguments have
been made that a bioprosthetic heart valve or native valve
after valve repair does not have a risk profile for thromboem-
bolism that differs from other forms of NVAF and would be
equally responsive to DOAC therapy.®! Data are sparse, but
retrospective subanalyses of limited numbers of patients with
valvular disease (including bioprosthesis and mitral repair
patients but excluding mechanical valve patients) enrolled
in the pivotal DOAC studies support this conclusion.*? For
the first months after biological valve replacement (includ-
ing catheter-based valve replacement), recent European
guidelines recommend vitamin K antagonists but also state,
“NOAC:s probably deliver the same protection.”® DOACs
were also used for management of venous thromboembolic
disease (both acute and chronic) in patients with active can-
cer. Our data predate the most recent American College of
Chest Physician guidelines on treatment of venous throm-
boembolism in patients with cancer, which provide grade 2B
recommendations for use of low-molecular-weight heparin
(LMWH) over vitamin K antagonists and grade 2C recom-
mendations for use of LMWH over dabigatran, rivaroxaban,
apixaban, or edoxaban.”

Our study had several limitations. First, data were from
a single US academic medical center, though similar rates
of prescribing deviation from recommendations have been
reported for rivaroxaban and dabigatran in NVAF patients
in other countries.”?* Second, therapeutic indications may
have been misclassified because of errors, incomplete EMR
data, or multiple indications. Third, we analyzed the first
DOAC order and not dispensing information or subsequent
corrections. Therefore, deviations from recommendations
should not be interpreted as errors that reached patients. We
evaluated dosing based on the measures used at the time of
hospital admission, noting that, in a significant fraction of
deviations from recommended doses, they represented con-
tinuations of outpatient doses when renal function or weight
may have differed, and it is unknown whether patients were
counseled to take rivaroxaban with food in the outpatient
setting. Fourth, the number of patients with acute DVT was
small, so firm conclusions cannot be drawn for this specific
population. Fifth, our estimates of off-label dosing may have
been underestimates, as data on cancer and cancer activity
or cardiac valvular disease may not have been complete.

CONCLUSION

Healthcare professionals are prescribing DOACs in ways
that differ from recommendations. These differences may
reflect the older ages and reduced renal function of clinical
populations relative to randomized clinical trial groups, but
they could also potentially alter clinical efficacy. Our find-
ings support the need to evaluate the appropriateness and

Dosing Accuracy of Direct Oral Anticoagulants | Schwartz et al

dosing of DOAC:s at each encounter and to determine the
outcomes of patients treated with lower than recommended

doses of DOACs and the outcomes of DOAC-treated pa-

tients with bioprostheses or active malignancies.
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