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ABSTRACT
Background: Thromboprophylaxis with oral anticoagulants is
an important but underused element of atrial fibrillation (AF)
treatment. Reduction of stroke risk by anticoagulants comes at
the price of bleeding risk. Patients with AF receiving
anticoagulants require heightened attention with transition from
one care setting to another.
Methods: This review of the literature focuses on issues
specific to the anticoagulation treatment of patients with AF.
Results: Patients presenting for emergency care of anticoag-
ulant-related bleeding should be triaged for the severity and
source of the bleeding using appropriate measures, such as
discontinuing the oral anticoagulant, administering vitamin K
when appropriate to reverse warfarin-induced bleeding, or
administering clotting factors for emergent bleeding. Reversal
of oral anticoagulants in patients admitted to the hospital for
surgery can be managed similarly to patients with bleeding,
depending on the urgency of the surgical procedure. Patients
with AF who are admitted for conditions unrelated to AF should
be assessed for adequacy of stroke risk prophylaxis and
bleeding risk. Newly diagnosed AF should be treated in nearly
all patients with either warfarin or a newer anticoagulant.
Conclusions: Patient education is critically important with all
anticoagulants. Close adherence to the prescribed regimen,
regular international normalized ratio testing for warfarin, and
understanding the stroke risk conferred by AF and aging are
goals for all patients receiving oral anticoagulants. Detailed

handoff from the hospitalist to the patient’s primary care
physician is required for good continuity of care. Monitoring by
an anticoagulation clinic is the best arrangement for most
patients. The elderly, particularly frail or debilitated patients
who are transferring to long-term care, need a detailed transfer
of information between settings, education for the patient and
family, and medication reconciliation. Communication and
coordination of care among outpatient, emergency, inpatient,
subacute, and long-term care settings are vital in patients with
AF who are receiving anticoagulants to balance stroke
prevention and bleeding risk.

INTRODUCTION
Atrial fibrillation (AF) affects an estimated 2.66

million people in the United States.1 The prevalence
of this age-related condition ranges from <1% of the
population aged <60 years to approximately 10% of
the population aged ‡80 years.2 Approximately 70%
of patients with AF are aged 65 to 85 years.3 With the
aging population, the incidence of AF is expected to
rise to >5.6 million by 2050.2

Symptoms of AF range from no symptoms to a
significant degree of morbidity, including fatigue,
palpitations, and acute pulmonary edema.4 AF is also
associated with an increased risk for cognitive
impairment, depression, and dementia.5,6 More im-
portant, AF is an associated factor in up to 1 in 5
strokes in the United States7,8 and increases stroke
risk approximately 5-fold.9 Approximately 15% of the
795,000 new or recurrent strokes that occur each year
are associated with AF.10,11 Stroke risk is most
commonly assessed with the CHADS2 scoring sys-
tem, which stratifies stroke risk by assigning 1 point
each for the presence of congestive heart failure,
hypertension, age ‡75 years, and/or diabetes melli-
tus, and 2 points for a history of stroke or transient
ischemic attack. A score of 0 is considered low risk for
stroke, 1 indicates moderate risk, and ‡2 indicates
high risk.12 Recently updated guidelines for anti-
thrombotic therapy in patients with AF use the
CHADS2 system for treatment decisions. Patients with
AF and a CHADS2 score of 0 should receive no
antithrombotic therapy unless a patient desires
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antithrombotic therapy, in which case low-dose
aspirin, rather than oral anticoagulation or combina-
tion therapy with aspirin and clopidogrel, should be
prescribed. For a CHADS2 score of 1, oral anticoag-
ulants, rather than aspirin or combination therapy with
aspirin and clopidogrel, are appropriate. For a
CHADS2 score of ‡2, oral anticoagulants should be
used.13

This article reviews issues specific to anticoagula-
tion treatment of patients with AF and the communi-
cation and coordination of care that are essential to
prevent untoward outcomes.

GUIDELINES, RISK FACTORS, AND NOVEL
AGENTS FOR AF

As guidelines indicate, oral anticoagulants as
thromboprophylaxis are a cornerstone of AF treat-
ment.14 Anticoagulation with warfarin is associated
with a 68% relative risk reduction of stroke.15 For
patients newly diagnosed with AF, current guidelines
for initiation of anticoagulant therapy recommend
starting warfarin with doses between 5 and 10 mg
for the first 1 or 2 days for most individuals and
subsequent dosing based on the international nor-
malized ratio (INR) level response. The initial warfarin
dose should be reduced when other clinical factors
increase the risk for hemorrhage, including advanced
age, debilitation, malnourishment, congestive heart
failure, liver disease, recent major surgery, or medi-
cations known to increase the sensitivity to warfarin
(eg, amiodarone). For patients with these risk factors,
the starting dose of warfarin should be <5 mg, with
subsequent dosing based on the INR value re-
sponse.16

Among patients receiving warfarin, the time in
therapeutic range varies from 29% to 75%; the wide
variance may be explained by patient population
differences and methods of warfarin dosing and
measuring time in therapeutic range.17 Newer antico-
agulants offer the advantage of more consistent
anticoagulation. Dabigatran, a direct thrombin inhib-
itor, was approved by the U.S. Food and Drug
Administration in 2010 for reduction of the risk of
stroke and systemic embolism in patients with non-
valvular AF. The pivotal Randomized Evaluation of
Long-Term Anticoagulation Therapy (RE-LY) trial
compared dabigatran and dose-adjusted warfarin in
>18,000 patients. Dabigatran 150 mg improved the
primary outcome—stroke or systemic embolism—
compared with warfarin (1.1% vs 1.7%, P<0.001 for
superiority), yielding a number needed to treat (NNT)
of 167 patients. Dabigatran 150 mg was associated
with fewer intracranial bleeds but with similar rates of
major hemorrhage.18-20 A cost-effectiveness analysis
suggests that dabigatran 150 mg is cost effective in

AF populations at high risk for hemorrhage or at high
risk for stroke unless INR control with warfarin is
excellent. In moderate-risk AF populations, warfarin
may be more cost effective than dabigatran unless
INR control is poor.21 Poor INR control equates to INR
levels that are often outside the range of 2-3.

Guidelines for the management of AF were
recently updated to include dabigatran.22 Patients
with normal renal function should receive dabigatran
150 mg twice daily. For patients with a creatinine
clearance (CrCl) of 15 to 30 mL/min, the recommend-
ed dose of dabigatran is 75 mg twice daily. There is
no dosage recommendation for patients with CrCl
<15 mL/min or for patients on dialysis.

Rivaroxaban, a factor Xa inhibitor, is the most
recent addition to oral anticoagulant options. The
pivotal Rivaroxaban Once Daily Oral Direct Factor Xa
Inhibitor Compared with Vitamin K Antagonism for
Prevention of Stroke and Embolism Trial in Atrial
Fibrillation (ROCKET-AF) compared rivaroxaban with
dose-adjusted warfarin in >14,000 patients. Rivarox-
aban improved the primary outcome—stroke or
systemic embolism—compared with warfarin (1.7%
vs 2.3%, P<0.001 for noninferiority), yielding an NNT
of 222 patients. Rivaroxaban was associated with
fewer intracranial bleeds but with similar rates of
major hemorrhage.23 Rivaroxaban may be a cost-
effective alternative to adjusted-dose warfarin for
stroke prevention in patients with AF.24 Patients with
a CrCl >50 mL/min should receive rivaroxaban 20 mg
with the evening meal. The dose should be reduced
to 15 mg for those with a CrCl of 15 to 50 mL/min.
There is no dosage recommendation for patients with
a CrCl <15 mL/min.25

The benefit of reducing stroke risk must be
balanced with the increased risk of bleeding. The
HAS-BLED scoring system can be used to predict
bleeding risk. HAS-BLED rates bleeding risk by
adding 1 point each for hypertension (systolic blood
pressure >160 mmHg), abnormal renal function
(dialysis, renal transplant, serum creatinine level
>2.3 mg/dL), abnormal hepatic function (chronic liver
disease, bilirubin >2 times the upper limit of normal,
liver enzymes >3 times the upper limit of normal),
prior stroke, prior bleeding (major bleeding history,
anemia, predisposition to bleeding), labile INRs
(unstable INRs or poor time in therapeutic range),
elderly (aged >65 years), drug therapy (concomitant
antiplatelet drugs, nonsteroidal antiinflammatory
drugs), and alcohol (>8 drinks per week) for a
maximum of 9 points.26 In the HAS-BLED scoring
system, a score of 0-1 indicates low risk for bleeding
in AF patients, a score of 2 indicates intermediate risk,
and high risk is a score of ‡3. A high HAS-BLED score
should not be the cause for avoiding or stopping
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anticoagulation but should indicate patients who
need extra review and follow-up.

Renal dysfunction is a particular concern in
patients with AF. The prevalence of AF among all
patients with renal dysfunction is 18% and increases
to 25% in patients aged >70 years.27 Severe renal
dysfunction carries the increased risk of both bleed-
ing and thrombosis, increasing the complexity of
anticoagulation management.28

Dabigatran is primarily eliminated renally. Use of
dabigatran, including the 75 mg dose, has not been
studied in patients with a CrCl <15 mL/min and
should not be used for them. Renal excretion
accounts for about two-thirds of rivaroxaban elimina-
tion; half of this is eliminated as unchanged drug. Use
of rivaroxaban in patients with a CrCl <15 mL/min is
not recommended.25 Renal clearance is a very minor
route of warfarin elimination. Closely monitored
warfarin may be the preferred anticoagulant in
patients with severe renal dysfunction; however,
moderate and severe renal dysfunction may reduce
warfarin dose requirements to avoid bleeding risk.29

Transition of patients from one care setting to
another poses additional risk.30-32 The care of
patients with AF receiving antithrombotic therapy
who are transitioning from the community to the
hospital and back again requires consideration of
multiple factors. These factors include weighing the
benefits of transfer and the risks of complications,
such as bleeding or thrombosis, care strategies for
healthcare providers, and the additional burdens
patients incur.32-37

Hospital admission is common for patients with
AF. In a population of >55,000 patients aged ‡65
years with AF, more than half were admitted to the
hospital for AF within the 24-month observation
period; 43.7% of the admissions were for readmis-
sions and comorbidities, notably hypertension
(80.5%), structural heart disease (32.9%), coronary
artery disease (23.1%), and diabetes (19%), and 60%
of patients were receiving warfarin.38 Anticoagulation
requires close monitoring and adjustment depending
on clinical circumstances as the patient moves
through various care settings.14 Good communication
and the continuity of care among providers are key in
mitigating risk.39-43

TRANSITION TO INPATIENT CARE
The number of warfarin-treated patients present-

ing for emergency care is increasing, especially
elderly patients.44 Additionally, patients’ INR levels
are often outside of the therapeutic range.45 Warfarin
use is a powerful marker of mortality risk,44 making
accurate identification and anticipation of risk crucial
for optimal outcomes. Patients receiving warfarin
often present for emergency care with epistaxis or

other minor hemorrhages (eg, bleeding from small
cuts) or for asymptomatic supratherapeutic INR.46

Anticoagulated patients with bleeding should initially
receive the same care as any patient with bleeding,
including identification of the bleeding source with
local hemostasis where possible, fluids, and red
blood cells. In cases of warfarin overdose, activated
charcoal may be used empirically to reduce warfarin
absorption if ingestion has been within the previous 2
hours.47 In vitro research suggests that charcoal may
reduce warfarin absorption.48 No research is available
about the use of charcoal for rivaroxaban overdose,
but could be considered.25

Reversing overanticoagulation while maintaining
enough anticoagulation to reduce stroke risk is a
challenging balance that requires a cautious ap-
proach. In general, a light-handed approach is best
for reversing overanticoagulation. Simply stopping
warfarin, monitoring the INR values, and restarting
warfarin at a lower dose may be sufficient in some
cases.49 For many patients, low-dose vitamin K may
be appropriate to return the INR value to a therapeutic
range more quickly. Simple warfarin interruption is
likely to result in a slower decline in INR values in
patients with recent surgery, active malignancy, or
decompensated heart failure, and in elderly patients,
especially those who require low weekly doses of
warfarin (<15 mg) to maintain therapeutic anticoag-
ulation.50 INR levels from 6 to 10 typically decline to
<4 within 2.5 days with warfarin discontinuation alone
and within 1.4 days with a 1.0-2.5 mg dose of oral
vitamin K.51,52 In patients without bleeding who have
an INR level of 4.5 to 10.0, 1 mg of oral vitamin K not
only lowers the INR level into the therapeutic range
more quickly than withholding warfarin, but also
avoids the warfarin resistance seen when larger
vitamin K doses are administered.51-53 For patients
with INR levels >10 and no serious symptoms, 2 mg
of oral vitamin K has been used safely.54 As noted
above, when administered with temporary interruption
of warfarin, vitamin K lowers an INR range of 6-10 to 4
in about 1.4 days.55

For cases of non–life-threatening bleeding, both
oral and intravenous (IV) vitamin K will have the same
effect within 24 hours. However, IV vitamin K causes
INR level correction within 6 to 8 hours and may be
more desirable when more rapid reversal is re-
quired.56,57 Current guidelines recommend vitamin K
1-5 mg orally for patients without serious bleeding.
For serious bleeding, the guidelines recommend
vitamin K 10 mg mixed in a minimum of 50 mL of IV
fluid and infused over ‡20 minutes.16,55 Lower doses
(1-5 mg) of IV vitamin K may be as effective as higher
doses.58 In a metaanalysis of studies of patients
treated with vitamin K antagonists, the case-fatality
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rate of major bleeding was 9.1% (95% confidence
interval, 2.5%-21.7%).59 Life-threatening hemorrhag-
es, such as intracerebral bleeds or those from a
gastrointestinal source, require emergent reversal
with fresh frozen plasma, prothrombin complex
concentrate, or recombinant factor VIIa in addition to
IV vitamin K.16

Newer anticoagulants, including the direct throm-
bin inhibitor dabigatran and factor Xa inhibitors such
as rivaroxaban and apixaban, work differently in the
coagulation cascade and therefore are not affected by
vitamin K administration. All have shorter half-lives
than warfarin with a shorter duration of anticoagulant
effect. For minor bleeding, simply stopping dabiga-
tran or rivaroxaban may be sufficient because of their
short half-lives.

Many healthcare providers are concerned about
the unavailability of reversal agents for the newer
anticoagulants. However, this concern should be
tempered with the fact that both new anticoagulants
have a much shorter duration of anticoagulant effect
than warfarin and that reversal of warfarin with vitamin
K is not immediate. Unless immediate reversal is
required, the conservative approach of simply stop-
ping the drug (whether a newer anticoagulant or
warfarin) is often prudent.

For clinically important bleeding, dabigatran can
be dialyzed (protein binding is low). However, clinical
data supporting this approach are limited. Consider
surgical hemostasis or the transfusion of fresh frozen
plasma or red blood cells. Some experimental
evidence supports the role of activated prothrombin
complex concentrates (eg, factor IIa inhibitor bypass
activity [FEIBA recombinant factor VIIa or concen-
trates of coagulation factors II, IX, or X]). However, the
usefulness of these concentrates in clinical settings
has not been established. Platelet concentrates can
be used in cases where thrombocytopenia is present
or long-acting antiplatelet drugs have been used.
Measurement of the activated partial thromboplastin
time or ecarin clotting time may help guide therapy for
a decrease in hemoglobin and/or hematocrit or
hypotension. Presently, no specific reversal agent
for dabigatran is available.60-62 Rivaroxaban is highly
protein bound, making removal by hemodialysis
unlikely. Use of reversal agents such as prothrombin
complex concentrate, activated prothrombin complex
concentrate, or recombinant factor VIIa may be
considered but has not been evaluated in clinical
trials.25

For urgent or emergent surgery, the decision of
drug withdrawal or use of reversal agents is deter-
mined by the time sensitivity of the clinical situation. It
is important to remember that neither warfarin nor the
newer anticoagulants cause bleeding but instead limit

the ability of the body to stop bleeding. Reversal of
warfarin with vitamin K is not rapid, compared with
reversal of heparin with protamine.63 Persistent INR
level elevation may require vitamin K dosing repeated
every 12 hours.16

Patients taking anticoagulants who present for
emergency care for unrelated conditions should be
evaluated for the intensity of anticoagulation and the
risk for bleeding and thromboembolic complications.
Management of anticoagulation should be transi-
tioned to the patient’s primary care physician or
anticoagulation clinic for patients to be discharged,
and for those requiring inpatient care, to the admitting
physician or hospitalist and the hospital’s anticoagu-
lation monitoring service. Patients with AF who are
admitted for inpatient care should be assessed for
adequacy of stroke risk prophylaxis and bleeding risk
using risk-assessment tools, such as CHADS2 and
HAS-BLED. The risks for bleeding and hemorrhage
are higher in warfarin-näıve patients, suggesting the
need for added vigilance with initiation of anticoagu-
lation.64

Newly prescribed drugs and maintenance medi-
cations should be reviewed for drug interactions that
are common with warfarin. Newer anticoagulants are
less prone to drug interactions than warfarin.65

Patients should be questioned about medication
adherence. For patients receiving warfarin, INR levels
should also be assessed. For patients receiving a
newer anticoagulant, INR levels cannot be used to
assess coagulation.

Patients requiring transition from one anticoagu-
lant to another should be managed with consideration
of each agent’s half-life and onset of effect (Table 1).
Patients who require surgery or who are unable to
take oral medication may require transition to paren-
teral anticoagulants. Depending on the bleeding risk
associated with the surgical procedure and patient
risk of thromboembolism, warfarin is discontinued
several days before the procedure, and bridging (the
use of unfractionated heparin or low molecular weight
heparin to prevent clots during the perioperative
period and to reduce bleeding risk during and after
surgery) may be necessary.66 How to switch from a
newer anticoagulant to a parenteral anticoagulant and
vice versa are detailed in Table 1.

When switching from dabigatran to a parenteral
anticoagulant, 12 hours should elapse after the last
dose of dabigatran for patients with a CrCl ‡30
mL/min, and 24 hours should elapse after the last
dose of dabigatran for patients with a CrCl <30
mL/min. When switching from a parenteral anticoag-
ulant to dabigatran, dabigatran should be started no
more than 2 hours before the next dose of the
parenteral anticoagulant (eg, enoxaparin) would have
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been scheduled. Dabigatran has a rapid onset of
anticoagulant effect and can be started at the time of
discontinuation of a continuously administered par-
enteral anticoagulant (eg, IV heparin).

TRANSITION TO OUTPATIENT CARE
Prior to discharge, patients leaving inpatient care

should be referred to the care management team to
facilitate transition to at-home or long-term care.
Facets of moving the patient to outpatient care
include detailed transfer of information between
settings, education of the patient and caregiver,
medication reconciliation, and a plan for follow-up
medical care that includes pending test results.67

Newer anticoagulants require the investigation of
insurance coverage and the patient’s ability to pay
for the medication.

Patients receiving warfarin who will be discharged
to self-care will require handoff to a provider for INR
monitoring. Referral to a formal, structured manage-
ment program, such as an anticoagulant clinic, is
ideal for most patients.16 For highly motivated
patients, self-monitoring may be an option.68

Patient education is critically important for both
warfarin and the newer anticoagulants. Persistence
and adherence to medication regimens increases
with patient understanding of why medications are
prescribed and of potential side effects.69,70 Educa-
tion for patients receiving warfarin should include
information on drug and dietary interactions and the
importance of regular INR monitoring.16 Education for

patients receiving the newer anticoagulants should
include an explanation about the importance of taking
medication as prescribed, given the short duration of
anticoagulant effect compared with warfarin and
dangers of abruptly stopping medication without
medical advice. Patients and their caregivers should
know the signs and symptoms of bleeding and how to
differentiate minor bleeding from bleeding that re-
quires medical attention.25,62 Transition to long-term
care should be similar to hospital-to-hospital transfer,
with systematic methods in place to ensure a
complete handoff.71 Measures to ensure that antico-
agulant doses are not missed or duplicated during the
transition are critically important to avoid increased
risk for stroke or bleeding.67

Elderly patients with AF face several related
hazards that require special consideration in antico-
agulation, including increased risk for stroke, bleed-
ing, and other adverse effects, interactions with
warfarin, comorbid conditions, and falls. As a result,
anticoagulation is underprescribed in elderly patients
with AF. The risk of falling or advanced age should not
be an absolute or relative contraindication to antico-
agulation; potential benefit (stroke prevention) versus
bleeding risk should be carefully considered for each
patient.72,73 Given that nearly 75% of the total costs
associated with AF are attributed to direct and indirect
hospitalization costs,74 clinical strategies that can
reduce AF-related hospitalizations may optimize care
by improving clinical outcomes and reducing costs.

Table 1. How to Switch To/From Parenteral Anticoagulants and Warfarin To/From Newer Oral Anticoagulants25,62

Switching Dabigatran Rivaroxaban

To a parenteral anticoagulant Wait 12 hours after the last dose of dabigatran
if CrCl ‡30 mL/min or 24 hours if CrCl <30
mL/min.

Start the parenteral anticoagulant when the
next dose of rivaroxaban would have been
due.

From a subcutaneous
anticoagulant (eg,
enoxaparin)

Start no more than 2 hours before the next
dose of the subcutaneous anticoagulant
would have been scheduled.

Start 0–2 hours before the next dose of the
subcutaneous anticoagulant would have
been scheduled.

From an intravenous
anticoagulant (eg, heparin)

Start at the discontinuation of the continuously
administered parenteral anticoagulant.

Start at the discontinuation of the continuously
administered parenteral anticoagulant.

To warfarin For a CrCl ‡50 mL/min, start warfarin 3 days
before discontinuing dabigatran; for a CrCl
30-50 mL/min, start warfarin 2 days before
discontinuing dabigatran; for CrCl 15-30
mL/min, start warfarin 1 day before
discontinuing dabigatran.

No data available. One approach is to
discontinue rivaroxaban and begin both a
parenteral anticoagulant and warfarin at the
time the next dose of rivaroxaban would
have been administered.

From warfarin Start dabigatran when INR is <2. Start rivaroxaban when INR is <3.

CrCl, creatinine clearance; INR, international normalized ratio.
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CONCLUSIONS
Transition of care among various care settings

presents multiple challenges.30,31,75 Anticoagulated
patients with AF generate additional requirements for
information transfer on transition to inpatient care and
back to outpatient care (Table 2). Anticoagulated
patients admitted with bleeding should be treated
based on the severity of bleeding or for an invasive
procedure. For many patients, simply withholding the
anticoagulant may be the safest management strate-
gy. Patients näıve to an anticoagulant require close
monitoring, given the higher risk for both stroke and
bleeding within the first several months of treatment.

For patients transitioning to outpatient care,
involvement of a care manager can ensure attention
to practical issues, such as educating the patient and
caregiver, securing an uninterrupted source of med-
ication, and arranging follow-up care and laboratory
tests that may decrease the risk for rehospitalization.
Inadvertent discontinuation of anticoagulant therapy
and poor adherence are frequent causes of hospital
readmission.76 The impact of the availability of
dabigatran and the new factor Xa inhibitors, such as
rivaroxaban23 and apixaban,77 is yet to be seen.
However, vigilant transition of care of patients
receiving anticoagulation will continue to be a key
element in achieving the best patient outcomes.
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