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Abstract
The role of dedicated anticoagulation management services (AMS) for patients receiving direct oral anticoagulant (DOAC) 
therapy is unclear. The objective of our study was to describe DOAC management in patients who were and were not man-
aged by an AMS. We conducted a retrospective cohort study among patients with atrial fibrillation at the University of Utah 
Health (UUH) who received DOAC therapy between January 2013 and June 2016. Patients in the AMS group were managed 
by a pharmacist-led AMS whereas those in the non-AMS group were managed by other providers. The number and type 
of provider encounters and interventions related to DOAC therapy and a composite endpoint of thromboembolism, bleed-
ing, and all-cause mortality were recorded. Overall, 90 and 370 patients were managed in the AMS and non-AMS groups, 
respectively. AMS group patients had greater chronic disease burden as measured by the Charlson comorbidity index. AMS 
group patients had more frequent DOAC-related encounters than non-AMS group patients but both groups had similar DOAC 
therapy intervention rates. Over half of patients in the AMS group received potentially duplicative interventions from their 
regular clinicians. The composite endpoint occurred in 18.9% and 13.5% of AMS and non-AMS group patients, respectively 
(p = 0.29). Patients managed by AMS providers were more complex and had more frequent encounters regarding their DOAC 
therapy than those managed by non-AMS providers. However, there was evidence of duplicative DOAC therapy management 
efforts. No difference between AMS and non-AMS groups in the composite clinical endpoint was detected.
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Highlights

• Patients on direct oral anticoagulants (DOACs) referred 
to anticoagulation management services (AMS) tended 
to be more complicated.

• Duplicative efforts in DOAC management between AMS 
pharmacists and non-AMS providers are likely occurring.

• No difference in clinical endpoints between AMS and 
non-AMS groups were observed.

• Periprocedural planning interventions occurred com-
monly among patients on DOACs.

• Implications: More evidence is needed to fully determine 
the role of AMS services in DOAC monitoring and ther-
apy.

Introduction

The use of direct oral anticoagulants (DOACs) such as dabi-
gatran, rivaroxaban, apixaban, edoxaban is increasing [1]. 
The primary advantages of DOACs over warfarin therapy 
are lower risk for intracranial hemorrhage, no requirement 
for routine laboratory monitoring, and fewer drug and die-
tary interactions [2, 3]. However, there are several factors 
that impact DOAC use: (1) need for dose adjustments or 
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switching to alternative anticoagulants in renal or hepatic 
impairment, (2) less certain drug-drug interaction manage-
ment due to lack of standardized tests to monitor the antico-
agulant effect, (3) differing dosing schedules and frequency 
based on therapeutic indication and specific DOAC used, (4) 
varied side effect profiles besides bleeding, (5) interruption 
of therapy for invasive procedures, and (6) significant costs 
compared to warfarin [4–7]. As a result, off-label DOAC 
prescribing is common [8–11] indicating a potential need 
for comprehensive patient and provider education and fre-
quent patient follow up to mitigate the risk for harm during 
DOAC therapy.

Anticoagulation management services (AMS) staffed by 
anticoagulation therapy experts have a well-recognized role 
in warfarin management [12–14]. However, the need for 
close monitoring during warfarin therapy stems from a nar-
row therapeutic index, the need for routine laboratory moni-
toring, and numerous dietary and drug interactions. Given 
the aforementioned advantages of DOAC therapy, the role 
of a dedicated AMS for DOAC management is unclear. One 
study in the Veterans Affairs (VA) health system showed that 
pharmacist interventions improved adherence to DOAC ther-
apy but these interventions were not part of an AMS dedi-
cated to managing DOAC patients and clinical endpoints of 
thromboembolism (TE) or bleeding were not examined [15]. 
Another study in a hospital setting evaluated the effect of a 
pharmacist led DOAC stewardship program and documented 
interventions in 36% of patients [16]. Interventions included 
discontinuing concurrent antiplatelet therapy, DOAC dose 
adjustments, and laboratory monitoring of DOAC antico-
agulant response, but bleeding or TE endpoints were not 
evaluated [16].

Many health systems are trying to determine whether 
patients prescribed DOAC therapy need to be formally 
enrolled in existing AMS. The objective of our study was to 
describe the initial experience of managing DOAC therapy 
within an AMS and determine the effect, relative to non-
AMS management (i.e., DOAC management provided by the 
prescriber), on health care utilization and anticoagulation-
related endpoints.

Methods

Study setting and patients

This retrospective cohort study was conducted at University 
of Utah Health (UUH), a large academic healthcare system 
in the Western United States. Administrative data within 
the UUH Electronic Data Warehouse was used to identify a 
cohort of adult patients with a diagnosis of atrial fibrillation 
or atrial flutter who were prescribed DOAC therapy at UUH 
between January 2013 and June 2016. DOAC prescriptions 

were identified using the first outpatient order for any of the 
following, apixaban, dabigatran, edoxaban, or rivaroxaban; 
the cohort entry date was defined as the first DOAC pre-
scription. Atrial fibrillation or flutter diagnosis of any type 
including paroxysmal, persistent, longstanding persistent, 
etc. was identified using ICD 9/10 codes (427.3x/I48.x) for 
any healthcare visit during the 365 days preceding the cohort 
entry date. After creating the cohort using administrative 
data, each patient record was manually reviewed to confirm 
DOAC status and collect study endpoints. We excluded 
patients with insufficient information to determine study 
endpoints, patients not receiving DOAC therapy, and cases 
where DOAC therapy was managed outside the UUH system 
as determined during manual chart reviews.

Primary exposure

The primary exposure of interest was the intended DOAC 
management approach: pharmacist-led AMS versus non-
AMS providers. We defined intended pharmacist-led AMS 
management as having two or more encounters with AMS 
providers documented in the electronic medical record 
between January 2013 and December 2017. The AMS 
approach included initial patient education followed by 
phone calls or chart reviews by a pharmacist at regular 
intervals. At the beginning of the observation period AMS 
guidelines suggested reviews every 3 months. During the 
study the suggested frequency of reviews was decreased to 
every 6 or 12 months for most patients. Phone encounters 
with AMS pharmacists entailed questions about adherence, 
bleeding or stroke concerns, and reminders about suggested 
labs such as serum creatinine and complete blood counts, 
when necessary. Patients with less than two encounters with 
AMS providers were categorized as being managed by non-
AMS providers. Non-AMS providers included cardiologists, 
neurologists, or primary care providers, depending on who 
was primarily responsible for managing DOAC therapy, and 
could include multiple providers per patient. Patients were 
followed for two years, until DOAC therapy discontinuation, 
or death, whichever occurred first.

Study endpoints

We assessed the number and type of encounters, inter-
ventions related to DOAC therapy, and clinical endpoints 
including thromboembolic events (ischemic stroke, transient 
ischemic attack, peripheral arterial embolism), any bleed-
ing (major bleeding, clinically relevant non-major bleeding 
[CRNMB], or minor bleeding), and death from any cause 
during follow-up. First, we described the frequency and 
type of DOAC-related encounters that occurred within the 
AMS and non-AMS groups. Second, as some patients in 
the AMS group had potentially duplicative DOAC-related 
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encounters and interventions from their regular clinicians 
during routine care we described DOAC-related encounters 
provided by patients’ regular clinicians within the AMS 
group. “Encounters” were defined as any visit or phone or 
electronic communication that directly addressed DOAC 
therapy issues. “Interventions” were defined as changes in 
DOAC therapy or management aimed at ensuring best qual-
ity care. We categorized DOAC therapy-related interven-
tion types as one or more of the following: (1) addressing 
inappropriate DOAC dosing, (2) addressing changes in renal 
function, (3) addressing bleeding concerns, (4) evaluating 
potential DOAC treatment failures, (5) developing peripro-
cedural plans, (6) managing drug interactions, (7) addressing 
insurance coverage or cost issues, (8) addressing adherence 
concerns, (9) discontinuing DOAC therapy, (10) managing 
side effects other than bleeding, and (11) “other” types of 
interventions.

The secondary endpoint was a composite of clinical 
events including thromboembolic events, any bleeding, 
and death from any cause as previously described. We also 
examined a composite of major endpoints (ischemic stroke, 
peripheral arterial embolism, major bleeding and death) and 
individual components of the composite endpoints. Each 
individual endpoint was identified by International Classifi-
cation of Disease, 9th and 10th revision codes and/or death 
records from the State Population Database and verified dur-
ing manual chart review.

Major and CRNMB were defined per International Soci-
ety on Thrombosis and Haemostasis guidelines [17, 18]. All 
other bleeding was categorized as minor. Thromboembolic 
endpoints required objective confirmation via radiologic 
imaging (e.g., computed tomography scanning, magnetic 
resonance imaging, or ultrasound). Baseline characteristics 
were identified using the closest value proximal to the index 
DOAC prescription date, within one year.

Statistical analysis

Baseline characteristics and endpoint measures were sum-
marized using frequency and percentage for categorical 
variables, and mean and standard deviation (SD) for con-
tinuous variables. The chi-squared test of association and 
Student’s t tests were used to compare differences in cate-
gorical and continuous variables between the AMS and non-
AMS groups, respectively. Time to the composite clinical 
endpoint and composite of major endpoints were analyzed 
using a Kaplan–Meier product limit estimator from which 
patients were censored at the time of the first encounter with 
an individual endpoint or the end of the 2-year follow up 
period whichever came first. Hazard ratios of the endpoints 
comparing the AMS and non-AMS groups were estimated 
using Cox proportional hazard models. In order to control 
for the possible effects of more interventions occurring early 

following discharge for patients newly started on DOAC 
therapy, additional sensitivity analysis was performed 
using a follow-up start beginning 90 days after the initial 
discharge. Patients who had any endpoint during this ini-
tial 90-day period or whose follow-up was shorter than 90 
days were excluded from this analysis. The regression model 
could not be adjusted for covariates because the number of 
endpoints was too small to include additional explanatory 
variables in the model. Instead the time-to primary compos-
ite endpoint regressed on the exposure to AMS was stratified 
by Charlson comorbidity index scores, 0 or 1 versus 2 or 
higher. Analyses were performed using Stata v. 15.0 (Stata-
Corp LP, College Station, Tx) and SAS version 9.4 (SAS 
Institute, Cary, NC).

Results

An initial cohort of 737 patients was identified from admin-
istrative queries. A total of 274 patients were excluded after 
manual chart review for the following reasons: lack of end-
point data in the chart (n = 42), not receiving DOAC therapy 
(n = 72), and managed outside of UUH system (n = 163) 
leaving a total of 90 and 370 patients in the AMS and non-
AMS groups, respectively (Fig. 1).

Baseline characteristics were similar between groups 
(Table 1) except that patients in the AMS group had higher 
 CHA2DS2-VASc scores, (p = 0.07), greater chronic disease 
burden per the CCI (p < 0.001), and were more likely to be 
prescribed apixaban (p = 0.002). AMS patients were also 
less likely to be prescribed rivaroxaban (p = 0.035) than 
those in the non-AMS group.

DOAC‑related encounters

Patients in the AMS group had more frequent DOAC-
related encounters with AMS providers compared to non-
AMS group providers (5.2 vs 3.7 per patient-year, p < 0.001) 
(Online resource, Table S1). Potentially duplicative DOAC-
related encounters provided by regular clinicians in the AMS 
group occurred at a rate of 3.1 per patient-year.

DOAC‑related interventions

The overall proportion of patients receiving DOAC therapy 
interventions was similar in the AMS and non-AMS groups 
(71.1% vs 74.9%, p = 0.30) (Online resource Table S1). The 
overall proportion of AMS group patients receiving poten-
tially duplicative DOAC therapy interventions from their 
regular clinicians was 57.8%. The rate of DOAC therapy 
interventions per patient -year was 1.1 per patient-year in 
both the AMS and non-AMS groups (p = 0.69). Potentially 
duplicative DOAC-related interventions provided by regular 
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clinicians in the AMS group occurred at a rate of 0.7 per 
patient-year.

A comparison of DOAC therapy interventions cate-
gorized by provider type is shown in Fig. 2. In total 325 
patients received 795 interventions. Periprocedural planning 
interventions were commonly provided by AMS pharma-
cists, regular clinicians caring for AMS group patients, and 
non-AMS providers. Compared to AMS-group pharmacists, 
non-AMS providers were more likely to provide interven-
tions relating to bleeding risk (2.7% vs. 8.0%, p = 0.018) 
and discontinuation of DOAC therapy (0.6% vs. 14.0%, 
p < 0.01). Regular clinicians caring for AMS group patients 

frequently provided interventions that were also being pro-
vided by AMS pharmacists.

The difference between the AMS and non-AMS group 
patients’ primary composite endpoint was not statistically 
significant (18.9% vs. 13.5%, p = 0.29) (Table 2). Bleeding 
of any severity occurred more frequently in the AMS group 
(18.9% vs 10.5%, p = 0.03) as did gastrointestinal (GI) tract 
bleeding (7.8% vs 1.6%, p = 0.005). All other differences 
in clinical endpoints between groups were not statistically 
significant.

The 2-year cumulative incidence of the primary compos-
ite endpoint from the Kaplan–Meier estimator was higher in 

Fig. 1  Flowchart of group 
allocation of atrial fibrillation 
patients prescribed DOAC 
therapy in the University of 
Utah Health System. AMS 
anticoagulation management 
service, DOAC direct oral 
anticoagulant, UUH University 
of Utah Health

AMS-An�coagula�on Management Service; DOAC-direct oral an�coagulant; UUH-University of 
Utah Health 

737 AF pa�ents 
prescribed DOAC 
therapy between 

January 2013 and June 
2016 

AMS group (n=90) 

AMS pharmacists
(n=665) 

Regular clinician 
encounters (n=435)

Non-AMS group (n=370)

Provider encounters 
(n=1,829) 

274 Excluded
- Lack of data in chart (n=42) 

- Not actually ge�ng DOAC (n=72) 
- Managed outside UUH (n=163)

Table 1  Characteristics of atrial 
fibrillation patients prescribed 
DOAC therapy in the University 
of Utah Health System

a 117 values were missing, creatinine clearance calculated using Cockcroft-Gault equation and actual body 
weight)
DOAC direct oral anticoagulant; AMS anticoagulation management service; SD standard deviation

AMS group
n = 90

Non-AMS group
n = 370

p-value

Age, mean (SD) 68.9 (11.0) 67.1 (12.0) 0.19
Gender—Male (%) 285 (62.2) 229 (61.9) 0.88
Race—Caucasian (%) 83 (92.2) 340 (91.9) 0.92
CHA2DS2-VASc, mean (SD) 3.0 (1.5) 2.7 (1.6) 0.07
Charlson Comorbidity Index, mean (SD) 3.0 (3.1) 1.7 (2.1) < 0.001
Creatinine clearance < 50 mL/min (%) 8 (8.9) 23 (9.4)a 0.89
DOAC Type (%)
Apixaban 49 (4.4) 135 (36.5) 0.002
Rivaroxaban 31 (34.4) 172 (46.5) 0.04
Dabigatran 15 (16.7) 81 (21.9) 0.27
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the AMS group compared to the non-AMS group (18.0% vs. 
14.1%), but the difference was not statistically significant 
(log-rank test, p-value = 0.45). The hazard ratio for AMS 
vs. non-AMS groups for the primary composite endpoint 
was 1.25 (95% confidence interval [CI] 0.70–2.24) (Fig. 3a). 
When analysis was limited to the composite of major end-
points, the log-rank test result remained statistically insig-
nificant (p = 0.22), but the cumulative incidence was lower 
in the AMS group than the non-AMS group (1.3% vs. 3.6%) 
with a hazard ratio of 0.33 [95% CI 0.04–2.59] (Fig. 2a). 
Sensitivity analysis starting patient follow-up from 90 days 
after the index DOAC prescription date had a nominal 
influence on the cumulative incidences and hazard ratios 
(Fig. 2b).

The primary composite endpoint hazard ratio estimate for 
AMS vs. non-AMS groups stratified by CCI score 0 or 1 was 

2.34 (95% CI 1.08–5.09], whereas the hazard ratio estimate 
in patients with CCI scores 2 or more was 0.66 (95% CI 
0.27–1.62) (Online resource Figure S1). The direction of 
association in endpoint hazard ratios associated with base-
line CCI scores were consistent when the patient follow-up 
started 90 days following the index DOAC prescription (data 
not shown).

Discussion

This is among the first studies to measure endpoints of 
patients prescribed DOACs who were and were not managed 
by an AMS. Our results demonstrate that patients prescribed 
DOAC therapy received frequent contacts related to their 
anticoagulation therapy from healthcare providers regardless 

Fig. 2  Direct oral anticoagulant 
therapy interventions catego-
rized by provider type

0% 10% 20% 30% 40% 50%

Inappropriate Dose
Renal Func�on

Bleeding Risk
Possible failure
Periprocedural

Drug-drug Interac�on
Cost

Improve Adherence
Stopped therapy

Side Effects
Other

AMS Pharmacists (n=146) Regular Clinicians non-AMS providers

Table 2  Outcomes of direct oral 
anticoagulant therapy among 
patients with atrial fibrillation 
managed in the University of 
Utah Health System categorized 
by anticoagulation management 
service status

CRNMB clinically relevant non-major bleeding

AMS group
n = 90

Non-AMS group
n = 370

p-value

Composite endpoint (%) 17 (18.9) 50 (13.5) 0.29
Bleeding
Any severity (%) 17 (18.9) 39 (10.5) 0.03
Major bleeding (%) 1 (1.1) 2 (0.5) 0.48
CRNMB (%) 10 (11.1) 22 (6.0) 0.08
Minor bleed (%) 6 (6.7) 15 (4.1) 0.29
Bleeding type
Gastrointestinal tract bleeding (%) 7 (7.8) 6 (1.6) 0.005
Hematuria (%) 0 8 (2.2) 0.17
Hematoma (%) 1 (1.1) 2 (0.5) 0.48
Epistaxis (%) 6 (6.7) 13 (3.5) 0.18
Other bleeding types (%) 3 (3.3) 10 (2.7) 0.73
Stroke (%) 0 4 (1.1) 0.59
Death (%) 0 7 (1.9) 0.35
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of whether they were being managed by an AMS. Common 
DOAC therapy interventions included periprocedural plan-
ning, drug interaction management, insurance coverage or 
cost issues, and dose adjustments. The number and types 
of interventions made by the different provider types indi-
cated that duplication of effort in DOAC management may 
be occurring between AMS pharmacists and regular clini-
cians. These results could indicate that lack of clear role 
delineation regarding DOAC therapy may result in subopti-
mal communication between AMS pharmacists and regular 
clinicians. With regard to periprocedural anticoagulation 
planning this could result in patients receiving the same 
instructions multiple times which could be reassuring, or 
conflicting instructions which could cause confusion. AMS 
pharmacists were more likely to address insurance cover-
age and medication cost issues than either non-AMS group 
or regular clinicians. Interventions for inappropriate DOAC 
doses constituted only a small fraction of total interventions.

We were not able to detect a discernable benefit of AMS 
care over non-AMS care regarding clinical endpoints in 
patients receiving DOAC therapy. In fact, there were slightly 
more bleeding episodes in the AMS cohort compared to the 
non-AMS cohort, particularly GI bleeding events. Patients 
in the AMS group tended to have higher CCI scores and 
worse renal function than those in the non-AMS group and, 
therefore, may have been at higher bleeding risk. When 
endpoint results were stratified by CCI score, patients with 
low chronic disease burden managed by AMS pharmacists 
were twice as likely to experience adverse endpoints than 
those in the non-AMS group. A possible explanation for 

this observation is that AMS pharmacists were more likely 
to ask patients about and document episodes of bleeding 
than providers in the non-AMS group. Conversely, there was 
evidence that patients with higher chronic disease burden 
managed by AMS pharmacists had lower risk of experienc-
ing adverse endpoints but the confidence interval associated 
with this estimate was wide and included evidence of both 
benefit and harm. Additional studies with larger samples 
sizes are needed to confirm this observation.

Limitations of this study included the small sample size, 
especially in the AMS group, and thus the small number 
of endpoints limiting statistical power and ability to per-
form adjusted analyses. Additionally, this was a retrospec-
tive study and information pertaining to DOAC therapy 
was often not well documented and it was unclear in some 
instances whether DOAC therapy was actually discussed. 
Changes in treatment practices over the study period, par-
ticularly with regard to DOAC management during left atrial 
ablation procedures and the recommended frequency of 
encounters in the AMS group may also have influenced our 
results. In addition, DOACs were analyzed as a class and we 
acknowledge that there are differences between individual 
DOACs that could have influenced the results.

Conclusion

Patients receiving DOAC therapy managed by AMS phar-
macists tended to be higher risk and received more frequent 
interventions regarding their DOAC therapy than those 

A  Event-free survival from Index Discharge B  Event-free survival from 90 days a�er Index Discharge 
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Fig. 3  Kaplan–Meier estimates of event-free survival and hazard 
ratio [95% confidence interval] from Cox-proportional hazard regres-
sion models. Orange lines estimates for anticoagulation management 
service group; Blue lines estimates for non-anticoagulation manage-
ment service group; Solid lines primary composite endpoint includ-

ing ischemic stroke, transient ischemic attack, peripheral arterial 
embolism, major bleeding: clinically relevant non-major bleeding, 
minor bleeding and death; Dotted lines composite of major endpoints 
including ischemic stroke, peripheral arterial embolism, major bleed-
ing and death; HR hazard ratio
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managed by non-AMS providers. However, some of this 
may represent duplicative efforts. Due to the small sam-
ple size, and low rate of endpoints, no differences were 
detected between AMS and non-AMS groups in clinical 
endpoints. Additional studies with larger samples sizes and 
more clearly defined AMS services for patients on DOACs 
are required to definitely demonstrate the benefit or cost of 
a dedicated AMS. Additionally, the most effective mix of 
AMS interventions for patients on DOAC therapy has yet 
to be determined, and it is possible that periodic bioinfor-
matic-driven interventions such as drug interaction manage-
ment, adherence monitoring, and periprocedural planning 
may lend themselves well to DOAC therapy management 
compared to the close monitoring AMS provide for patients 
receiving warfarin.
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