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13% of patients that switched to a DOAC switched back to 
warfarin by the end of the study period.
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Introduction

After decades with warfarin as the only anticoagulant for 
stroke prevention in non-valvular atrial fibrillation (AF), 
four new direct oral anticoagulants (DOACs) have become 
available since 2010. DOACs offer many potential advan-
tages over warfarin including rapid onset of action, no 
required therapeutic blood level monitoring, less interac-
tions with food and medications, no dosing adjustments, 
and fewer lifestyle modifications [1–5]. As a result, the 
clinical use of DOACs has been increasing in the United 
States and Canada, and accounted for over half of new anti-
coagulant starts by the end of 2014, and appears to be ris-
ing [6–10]. With several anticoagulant options, physicians 
and patients appear to have an increasingly collaborative 
role in medication selection [11]. However, the charac-
teristics of the AF patients that switch from warfarin to a 
DOAC, their reasons for switching, and whether or not they 
switch back to warfarin, are not well studied.

We hypothesize that warfarin-treated patients with AF 
who elect to change therapy are younger and with fewer 
comorbidities as compared to those patients who choose to 
remain on warfarin. To test this hypothesis, we conducted 
a retrospective analysis of AF patients from six diverse 
anticoagulant clinics participating in the Michigan Antico-
agulation Quality Improvement Initiative (MAQI2). Addi-
tionally, we abstracted data from clinic and hospital visits 
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to monitor for any patients who transitioned from a DOAC 
back to warfarin.

Methods

Michigan anticoagulation quality improvement 
initiative (MAQI2)

MAQI2 is a Blue Cross Blue Shield of Michigan/Blue Care 
Network (BCBSM/BCN) quality improvement collabora-
tive [12]. This collaborative of six health system antico-
agulation clinics was formed in 2008, with the focus to 
improve anticoagulation patient safety, healthcare quality, 
and promoting collaboration on outcomes projects across 
the state of Michigan. Patients newly enrolling in each cent-
er’s anticoagulation clinic are randomly selected for chart 
abstraction into the MAQI2 database. Trained data abstrac-
tors collect de-identified patient care data from anticoagu-
lation clinic visits and supplement that data with both out-
patient and hospitalization records. BCBSM/BCN provides 
funding for data collection and quality improvement work, 
but does not participate in data analysis or manuscript edit-
ing. The MAQI2 project was reviewed and approved by the 
IRB at the coordinating center (University of Michigan) 
and each participating site.

Patient selection

Between January 2010 and June 2015, all non-valvular 
AF patients in the MAQI2 database who were treated with 
warfarin were eligible for inclusion in this study. Exclu-
sion criteria include patients on anticoagulation solely for 
indications other than AF (e.g. venous thromboembolism, 
mechanical valve replacement), patients who switched to 
non-DOAC warfarin alternatives (e.g. enoxaparin, clopi-
dogrel), and patients with fewer than one follow up encoun-
ter. 3873 patients met selection criteria (Fig.  1). These 
patients were divided into two cohorts: (1) patients who 
switched from warfarin therapy to DOAC therapy, and (2) 
patients who remained exclusively on warfarin therapy.

Data collection

Demographic, comorbidity, INR levels, insurance status, 
and co-administered medication data were collected at 
the time of enrollment in the anticoagulation clinic. HAS-
BLED and CHA2DS2-VASc risk scores, and time in thera-
peutic range were calculated using the baseline characteris-
tics data to measure patient risk and warfarin INR control 
[11, 13, 14]. Chronic kidney disease (CKD) status, defined 
as creatinine clearance (CrCl) <60 mL/min, was obtained 
from review of the medical record, and laboratory data 

were used to calculate the estimated CrCl with the Crock-
roft-Gault equation [15].

Outcomes

The primary outcomes assessed were baseline patient char-
acteristics (age, weight, gender, and presence of CKD). 
Secondary outcomes include rates and reasons for switch-
ing to DOAC, as well as those for switching back to war-
farin from a DOAC. Reasons for switching from warfarin 
to DOAC therapy were abstracted from the medical chart 
when documented by the physician or anticoagulation 
clinic provider. These were categorized using pre-defined 
reasons. Not all patients had a documented reason for 
switching from warfarin to a DOAC medication.

Statistical analyses

Patient demographics and comorbidities were compared 
using Fisher’s exact, Cochran-Armitage Trend Tests. A 
2-sided test with p < 0.05 was considered statistically sig-
nificant for all analyses. Analyses were performed using 
SAS version 9.3 (Cary, North Carolina, USA).

Results

Between 2010 to mid 2015, 400/3873 (10.3%) non-valvular 
AF patients switched from warfarin therapy to a DOAC. 
Of the patients who switched to a DOAC, 191 (47.8%) 

Fig. 1  Patient selection algorithm
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switched to dabigatran, 130 (32.5%) to rivaroxaban, 75 
(18.8%) to apixaban, and none to edoxaban. The percent of 
patient switching from warfarin to dabigatran declined dur-
ing the study period while the percent of patients switching 
from warfarin to apixaban increased. Patients who switched 
to DOAC therapy were less likely to have advanced CKD 
or to take amiodarone compared to non-switchers. Overall, 
both groups were similar in baseline characteristics (age, 
weight, gender), risk scores (HAS-BLED and CHA2DS2-
VASc), and insurance status (Table 1).

As shown in Table  2, warfarin treated AF patients 
more often switched to a DOAC for a patient related ease 
of use concern (37.5%) than a clinical reason (16.5%). 
The most common reasons for warfarin to DOAC switch-
ing was unstable INR (13.5%), challenges with access to 
blood drawing laboratories/need for frequent blood draws/
need for any dose changes (9.8%), and concerns regarding 
patient adherence (4.3%).

Of the patients that switch to a DOAC, 52/400 (13%) 
switch back to warfarin. Roughly half of those patients 
(28/52, 53.8%) switched from a DOAC back to warfarin 

within the first 6 months of DOAC use. The most common 
reasons to switch from a DOAC back to warfarin were side 
effects (21.2%), clotting events (17.3%), and cost/insurance 
issues (13.5%) (Table 3).

Discussion

In our study of AF patients initiated on warfarin, 10% 
changed to DOAC therapy during the period of study. Of 
those who changed to a DOAC, 10% ended up switching 
back to warfarin for a variety of reasons. Surprisingly, the 
baseline characteristics between switchers and non-switch-
ers are relatively similar. In fact, the presence of significant 
renal dysfunction was the only major difference between 
the two cohorts. This may be related to patient selection 
by prescribers given the renal clearance of the DOACs. 
Additionally, no difference was seen in bleeding and stroke 
risk or the insurance type. Finally, factors that contrib-
ute to patient ease of use and adherence had the greatest 
impact on the decision to switch from warfarin to a DOAC, 

Table 1  Demographics and characteristics data

SD standard deviation, CKD chronic kidney disease, TTR time in therapeutic range

Warfarin → DOAC switchers (at enroll-
ment) N = 400 (10.3%)

Warfarin only (at enrollment) N = 3473 
(88.0%)

p value

Demographics and comorbidities
 Age (mean ± SD) 69.8 ± 11.5 70.5 ± 12.7 0.32
 Weight (mean ± SD) 202.7 ± 57.1 197.4 ± 70.6 0.19
 Male 223 (55.8) 1965 (56.6) 0.75
 Female 177 (44.3) 1508 (43.4)
 CKD stage III–V 82/303 (27.1) 1139/2812 (40.5) <0.001
 CrCl (mean ± SD) 72.7 ± 20.8 65.3 ± 24.7 <0.001
 Labile INR (TTR <60%) n/a 1831 (52.7) (entire study) –

Risk scores (mean ± SD)
 CHA2DS2-VASc 3.4 ± 1.7 3.5 ± 1.8 0.42
 HAS-BLED (without TTR) 2.6 ± 1.2 2.7 ± 1.3 0.14

Quality of warfarin usage
 Percent TTR 0.54 ± 0.22 (at switch) 0.55 ± 0.22 (entire study period) –
 Length of warfarin treatment (days) 389.3 ± 423.9 (at switch) 544.9 ± 559.8 (entire study period) –

Insurance type
 Commercial insurance 83 (20.8) 697 (20.1) 0.75
 Medicare 250 (62.5) 2038 (58.7) 0.14
 Medicaid 5 (1.3) 66 (1.9) 0.44
 Other (none/mixed) 62 (15.5) 672 (19.4) 0.06

Medications coadministered
 Amiodarone 32 (8.0) 415 (12.0) 0.02
 Dronedarone 0 0 –
 Verapamil 0 0 –
 Aspirin 217 (54.3) 1811 (52.2) 0.42
 P2Y12 inhibitor 29 (7.3) 247 (7.1) 0.92
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accounting for roughly two-thirds (150/216, 69%) of transi-
tions for which data were collected.

Our study is unique as we examined not only the 
trends in anticoagulant use, but we also explored why the 
changes occurred. As with other studies of anticoagulant 
trends, we saw a rise in DOAC utilization during the year 

each respective DOAC became available, and overtime 
saw a relative drop in dabigatran use relative to the other 
DOACs [7, 16]. Also similar to other studies, we found 
that DOAC patients had better renal function relative 
to warfarin users, which is reassuring given that severe 
renal dysfunction is a contraindication for most DOAC 
medications [17]. However, several studies saw a differ-
ence in stroke and bleeding risk among DOAC patients, 
and others found DOAC users to be younger [6, 17, 18]. 
We did not find the differences in our population’s risk 
scores for either bleeding or stroke, which may reflect the 
contrast between patients who were initially started on 
warfarin before switching to DOAC therapy (our study) 
vs. patients who start on DOAC therapy de novo (most 
other studies).

One other study claimed that patients are playing an 
increasingly collaborative role in prescribing habits, but 
that safety concerns, rather than compliance and lifestyle 
concerns were most important to patients [11]. Our real-
world study appears to show rates of bleeding, stroke, and 
clotting events close to the expected findings of the original 
data, which is reassuring [1–3].

Table 2  Warfarin to DOAC switcher data

DOAC direct oral anticoagulant, INR international normalized ratio
Clinical reason other: physician encouraged/PCP decision, prescribed by another physician, renal failure improved and hematoma secondary to 
Lovenox. Switched to apixaban upon hospital discharge
Patient preference reason other: patient or relatives request, patient interested in DOAC, patient and her husband are both switching to dabi-
gatran, insurance company covers new agent or other Insurance related reason, patient didn’t want to pay a $60 Quarterly fee for warfarin man-
agement, originally prescribed a DOAC, but on warfarin during insurance approval only

Years of switch 2010–2011 2012–2013 2014–2015 Total
N = 155 (%) N = 125 (%) N = 120 (%) N = 400 (%)

DOAC agent switched to N (%)
 Dabigatran 153 (98.7) 30 (24.0) 8 (6.7) 191 (47.8)
 Rivaroxaban 0 74 (59.2) 56 (46.7) 130 (32.5)
 Apixaban 0 19 (15.2) 56 (46.7) 75 (18.8)
 Other 2 (1.3) 2 (1.6) 0 4 (0.9)

Reason for switch
 Patient specific reasons (may answer more than one) 50 (32.2) 50 (40) 50 (41.6) 150 (37.5)
  Unstable INR 14 (9.0) 23 (18.4) 17 (14.2) 54 (13.5)
  Frequent blood draws/ dose changes/poor access to lab 18 (11.6) 9 (7.2) 12 (10.0) 39 (9.8)
  Adherence concerns 4 (2.6) 7 (5.6) 6 (5.0) 17 (4.3)
  Dietary restrictions 8 (5.2) 3 (2.4) 5 (4.2) 16 (4.0)
  Warfarin side effects 3 (1.9) 4 (3.2) 5 (4.2) 12 (3.0)
  Other 3 (1.9) 4 (3.2) 5 (4.2) 12 (3.0)

 Clinical reasons (may answer more than one) 13 (8.4) 23 (18.4) 30 (25) 66 (16.5)
  Bleeding event(s) 2 (1.3) 5 (4.0) 8 (6.7) 15 (3.8)
  Superior alternative 2 (1.3) 6 (4.8) 5 (4.2) 13 (3.3)
  Drug interactions 4 (2.6) 3 (2.4) 5 (4.2) 12 (3.0)
  Clotting event 0 2 (1.6) 4 (3.3) 6 (1.5)
  Other 5 (3.2) 7 (5.6) 8 (6.7) 20 (5.0)

 Unknow reason for switch 238 (58.8)

Table 3  DOAC to warfarin switch back data N (%)

Switch back to warfarin 52/400 (13.0)
 Within 6 month 28 (7.0)
 After 6 months 24 (6.0)

Reason for switch (N = 52)
 Side effects 11 (21.2)
 Clotting event 9 (17.3)
 Cost/insurance issue 7 (13.5)
 Bleeding 6 (11.5)
 Impaired renal function 3 (5.8)
 Other 13 (25.0)
 Unknown 5 (9.6)

Total (patients may have multiple reasons) 54 (104)
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Our study design has multiple strengths. The study pop-
ulation is an inception cohort of newly initiated warfarin 
in AF patients, which reduces outside confounders such 
as prior experience using warfarin or a DOAC, or having 
failed an alternative treatment prior to the study. Trained 
abstractors who were familiar with the model of the antico-
agulation clinics performed all the data collection and con-
ducted random audits to validate the collected data. These 
factors ensure high quality retrospective data. The study is 
based on a unique cohort of patients, those having switched 
from warfarin to a DOAC, and who have not been well 
studied prior to this point.

Nevertheless, our study must be interpreted in the con-
text of certain limitations. As it is an observational analy-
sis, there are inherently potential confounders, and reduced 
generalizability of the study. However, our data registry has 
a heterogeneous patient population, including patients from 
rural and urban communities across Michigan. Also, the 
population covers several health systems, including private, 
public and academic institutions of various sizes. While the 
study predominately examined warfarin to DOAC transi-
tions, the data regarding DOAC maintenance and transi-
tion back to warfarin may lack generalizability to current 
DOAC populations (predominately rivaroxaban and apixa-
ban), as the majority of our patients initially switched to 
dabigatran, the first agent available, yet over the course of 
our study period, the relative new switches to dabigatran 
fell as the anti-Xa agents became available [6, 7]. Addition-
ally, there were several patients whose reasons for switch-
ing from warfarin to a DOAC were unable to be collected. 
These unrecorded reasons may have skewed the data.

Conclusions

A significant population of AF patients elect to switch from 
warfarin to DOAC therapy for stroke prevention. While 
there are many factors at play in anticoagulant prescrib-
ing trends, patient preference factors are likely playing an 
increasing role. It remains to be seen how the introduction 
of DOAC-specific reversal agents will impact the clinical 
decision to remain on warfarin therapy or switch to DOAC 
therapy for stroke prevention in AF [19, 20].
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