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Recommendations for prediction of stroke and
bleeding risk

Recommendations Classa Levelb Ref C

The CHA2DS2-VASc score is 
recommended for stroke risk 
prediction in patients with AF.

I A 368, 371, 
386

Bleeding risk scores should be 
considered in AF patients on oral 

risk factors for major bleeding.
anticoagulation to identify modifiable IIa B

384, 386, 
387, 

389–392

Biomarkers such as high-sensitivity 
troponin and natriuretic peptide 

stroke and bleeding risk in AF 
may be considered to further refine

patients.

IIb B 380–382, 
387, 393

AF ¼ atrial fibrillation; CHA2DS2-VASc ¼ Congestive Heart failure,
hypertension, Age ≥75 (doubled), Diabetes, Stroke or transient ischaemic
attack or systemic embolism (doubled), Vascular disease, Age 65–74, and Sex
(female).
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

9.2 Stroke prevention
9.2.1 Vitamin K antagonists
Warfarin and other VKAs were the first anticoagulants used in AF
patients. VKA therapy reduces the risk of stroke by two-thirds and
mortality by one-quarter compared with control (aspirin or no ther-
apy).38 VKAs have been used in many patients throughout the world
with good outcomes,394 – 396 and this is reflected in the warfarin
arms of the NOAC trials (see chapter 9.2.2.). The use of VKAs is limited
by the narrow therapeutic interval, necessitating frequent monitoring
and dose adjustments, but VKAs, when delivered with adequate time
in therapeutic range (TTR), are effective for stroke prevention in AF pa-
tients. Clinical parameters can help to identify patients who are likely to
achieve a decent TTR on VKA therapy.397 These have been summar-
ized in the SAMe-TT2R2 score. Patients who fare well on this score,
when treated with a VKA, have on average a higher TTR than patients
who do not fare well on the score.398,399 VKAs are currently the only
treatment with established safety in AF patients with rheumatic mitral
valve disease and/or a mechanical heart valve prosthesis.400

9.2.2 Non-vitamin K antagonist oral anticoagulants
NOACs, including the direct thrombin inhibitor dabigatran and the
factor Xa inhibitors apixaban, edoxaban, and rivaroxaban, are

No

YesMechanical heart valves or moderate or severe
mitral stenosis

Estimate stroke risk based on number of
CHA2 DS2 -VASc risk factorsa

10 b

OAC should be
considered (IIaB)

LAA occluding devices
may be considered in

patients with clear
contra-indications
for OAC (IIbC) NOAC (IA)c VKA (IA)c,d

No antiplatelet or 
anticoagulant

treatment (IIIB)

Oral anticoagulation
indicated

Assess for contra-indications
Correct reversible 
bleeding risk factors

aCongestive heart failure, Hypertension, Age ≥75 years (2 points), Diabetes, prior Stroke/TIA/embolus (2 points), Vascular disease, age 65–74 years, female Sex.
bIncludes women without other stroke risk factors. 
cIIaB for women with only one additional stroke risk factor.
dIB for patients with mechanical heart valves or mitral stenosis.

≥2

Figure 8 Stroke prevention in atrial fibrillation.
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CHA2DS2-VASc score in the pre- post-DOAC eras
0 1 >2

52.5 vs. 60.7%, P<0.001

Antithrombotic prescribing, by stroke risk scores, in pre- and post-DOAC era 
(Australia, 2011-5; Pre- / Post-DOAC – N=1089 / 1029; Mean Age: 75 years)

Admassie E, Am J
Cardiol 2017

Adherence!
(45.2%)



OR (95% CI) p
Age 0.98 (0.97-0.99) <0.001

Men 1.28 (1.05-1.54) 0.012

CHF 1.36 (1.01-1.83) 0.042

VHD 1.71 (1.11-2.70) 0.017

Prior bleeding 0.14 (0.06-0.29) <0.001

CHA2DS2-VASc >2 1.95 (1.36-2.80) <0.001

DOAC Era 1.40 (1.17-1.68) <0.001

Factors associated with OAC prescribing in the overall study period 

VHD: valvular heart disease

Admassie E, Am J Cardiol 2017
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The ATRIA Cohort of AF pts
N = 13559; Age: 73 years

Net Clinical Benefit :

(annual rate of ischemic strokes / systemic emboli prevented by warfarin) minus (intracranial hemorrhages 

due to warfarin) * impact weight

The impact weight was 1.5, reflecting the greater clinical impact of intracranial hemorrhage versus 

thromboembolism
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Net clinical benefit, adjusted for the risk of subsequent death, of OACs vs. no 
OACs according to different age groups (the PREFER in  AF)

Patti G Int J Cardiol 2018



Ischemic stroke

ICH

Chao TF, Lip GYH Circulation 2018

Risk of ischemic stroke and ICH by treatment
(era without NOACs, years 1996-2011)

Oral Anticoagulation in Very Elderly (> 90 years) Patients with 

Atrial Fibrillation - A Nationwide Cohort Study



Chao TF, Lip GYH Circulation 2018

Risk of ischemic stroke, ICH and major bleeding 
by treatment. (era with NOACs, years 2012-2015)

Oral Anticoagulation in Very Elderly (> 90 years) Patients with 

Atrial Fibrillation - A Nationwide Cohort Study



Pre-DOAC
(N=86)

Post-DOAC
(N=68)

p

Fall risk 42% 29% 0.154

Refusal 21% 21% 1.000

ADR (current bleeding) 16% 13% 0.765

Anemia & other hematologic 
disorders

6% 9% 0.54

Non-compliance, labile INR 8% 12% 0.631

Aging, dementia, psychiatric 
disorders, palliative care, CKD

5% 10% 0.26

Fear / high risk / history of 
bleeding

2% 6% 0.406

Summary of documented reasons for not prescribing an OAC

ADR: adverse drug reaction; CKD: chronic kidney disease
Admassie E, Am J

Cardiol 2017
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Modifiable bleeding risk factors 

Hypertension (especially when systolic blood pressure is >160 mmHg) 

Labile INR or TTR <60% (VKA) / Medication predisposing to bleeding

Excess alcohol (≥8 drinks/week)

Potentially modifiable bleeding risk factors 

Anaemia / Reduced platelet count or function

Impaired renal and liver function

Non-modifiable bleeding risk factors 

Age >65 years or ≥75 years

History of major bleeding / Previous stroke

Dialysis-dependent kidney disease or renal transplant

Cirrhotic liver disease / Malignancy / Genetic factors

Biomarker-based bleeding risk factors 

High-sensitivity troponin / Serum creatinine / estimated CrCl

Growth differentiation factor-15

Risk factors for bleeding in anticoagulated patients 
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Initiation or continuation of OAC in atrial fibrillation patients after an 
ischemic stroke or transient ischemic attack

Kirchhof P, Eur 
Heart J 2016

Start OAC
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Withholding or reinitiating OAC in atrial fibrillation patients after an 
intracranial bleeding



CAA and AF: Factors Associated with Increased Risk of 
Thromboembolism and Intracerebral Hemorrhage

DeSimone CV, JACC 2017



Risk Factors Associated With ICH and Heart–Brain Team Schema for Consideration 
of Pharmacologic and Nonpharmacologic Therapies in a Patient With AF and CAA

DeSimone CV, JACC 2017

As the population ages, encountering a patient
with AF and CAA is becoming an increasingly com-
mon clinical scenario. In patients with AF, the use of
anticoagulation increases the risk of lobar ICH (56,57).
Because most cases of warfarin-associated ICH occur
when the International Normalized Ratio is within the
therapeutic range (58), tight control of International
Normalized Ratio is not sufficient to prevent ICH.
Several lines of evidence support that an underlying
vasculopathy contributes to the risk of anticoagulant-
associated ICH. ICH on warfarin is associated with the
presence of an APOE ε2 allele (59). In addition, the
APOE ε2 allele (59) is associated with worse clinical
outcomes among patients with lobar ICH (60), sug-
gesting that prognosis can be negatively impacted by
underlying CAA.

In patients with CAA and a history of lobar ICH, the
risk of recurrent bleeding is increased (27,61,62). This
risk is even greater with anticoagulation or the pres-
ence of cSS or CMBs on MRI (16,63). Therefore, pa-
tients with cSS, lobar CMBs, or prior lobar ICH on
anticoagulation represent those with the greatest risk
of future hemorrhage (Figure 6) (18,42,64). When
available, brain MRIs should be reviewed in detail
before prescribing anticoagulation to elderly patients.
The cost versus benefit of obtaining a brain MRI to
assess future ICH risk before deciding on anti-
coagulation has never been studied formally and,
therefore, cannot be recommended routinely; how-
ever, it is the focus of ongoing research efforts
because of the major clinical and economic implica-
tions of ICH. However, brain MRI scanning may be
indicated clinically in elderly patients with cognitive
decline or previous ICH and in such cases it would be
prudent to review for the presence of cSS and CMBs
before prescribing anticoagulation for AF.

The available evidence is insufficient to assess the
risk-benefit of anticoagulation in patients with pre-
vious ICH because these patients have typically been
excluded from randomized, controlled studies eval-
uating oral anticoagulants for AF (65). The 2016
guidelines for the management of AF from the Euro-
pean Society of Cardiology suggested that oral anti-
coagulation for stroke prevention in AF should
probably be avoided in patients with symptomatic
lobar ICH and probable or confirmed CAA (66),
although this recommendation remains a matter of
debate given the growing evidence from observa-
tional studies of persistent benefit from anti-
coagulation after an ICH (67). Yet, these observational
studies have lacked sufficient detail to characterize
the likelihood of CAA among ICH patients. Further-
more, observational studies that have examined
outcomes in patients with ICH may be confounded

because those who resumed anticoagulation after ICH
may represent individuals whose clinicians deemed
them to be at a lower risk of recurrent ICH, and
therefore these results must be interpreted
cautiously.

The direct oral anticoagulants dabigatran, rivar-
oxaban, apixaban, and edoxaban have been shown to
have a lower risk of ICH compared with warfarin in
large-scale clinical trials (68–70). In a substudy of the
AVERROES trial (Apixaban Versus Acetylsalicylic Acid
[ASA] to Prevent Stroke in Atrial Fibrillation Patients
Who Have Failed or Are Unsuitable for Vitamin K
Antagonist Treatment), apixaban was found to have
the same amount of new microbleeds in comparison
with aspirin (71). However, to date, these agents have
not been specifically tested in patients with a history
of ICH (especially CAA-associated ICH), to examine
the risk of ICH recurrence. Furthermore, only dabi-
gatran has an approved reversal agent (idarucizumab)
that can be used to rapidly and effectively reverse the
anticoagulant effect in case of an ICH. In a multi-
center study, andexanet alfa (a recombinant modified

FIGURE 6 Risk Factors Associated With ICH and Potential Management Strategies

Cerebral amyloid angiopathy (CAA) increases the risk of having an intracerebral hemor-
rhage (ICH). It is important to recognize that certain imaging findings that can suggest
the diagnosis of CAA in patients. These include the presence of cerebral microbleeds,
cortical superficial siderosis, or a prior lobar ICH. Adding an anticoagulant in this setting
increases the risk of hemorrhage. Disseminated cortical superficial siderosis (cSS) and
prior lobar ICH may have the highest risk of future hemorrhage (bold). CMB ¼ cerebral
microbleed; DOAC ¼ direct oral anticoagulant.
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human factor Xa decoy protein) effectively achieved
hemostasis in patients who presented with acute
major bleeding (predominantly gastrointestinal or
intracranial) after the administration of a factor Xa
inhibitor (apixaban, rivaroxaban, edoxaban, or
enoxaparin). However, 18% of patients developed
thrombotic events during the 30-day follow-up (72).

NONPHARMACOLOGIC APPROACHES FOR

STROKE PREVENTION

Left atrial appendage occlusion (LAAO) is an alter-
native for patients with AF who have a high risk of
bleeding with long-term anticoagulation (73). LAAO
has been shown to be beneficial for stroke prevention
in AF (74–76) and does not require the use of long-
term anticoagulation (77). Patients with CAA, espe-
cially those with prior lobar ICH or markers of
particularly high risk of ICH (multiple CMBs, cSS),
may be reasonable candidates for this intervention.

Currently, an individualized risk–benefit analysis
of LAAO should only occur on a case-by-case basis as
part of shared decision making collaboration between
the clinician and patient. Further research is required
to define the practice of LAAO technologies without
the need for anticoagulation, especially in high-risk
patients, such as those with probable CAA and pre-
vious lobar ICH. Until then, the current LAAO regis-
tries are necessary to provide this valuable
information.

One potential approach to optimizing care in pa-
tients at risk may be the development of specialized
heart–brain clinics. Our model includes close collab-
oration among cardiology (general, interventional,
and electrophysiology), neurology (stroke special-
ists), and neuroradiology to address complex situa-
tions such as the decision of what stroke prevention
strategy to recommend and implement in patients
with AF and probable CAA. This multidisciplinary,
patient-centered approach is suited to provide the
highly individualized care required in these cases
(Figure 7).

CONCLUSIONS

CAA is a widely prevalent but often overlooked entity
in the overall management of patients with AF. CAA is
associated with cognitive impairment and a pro-
pensity for ICH. In patients with AF, the current
clinical risk scores do not sufficiently take CAA into
account. Increased awareness of CAA among clini-
cians may decrease the risk and/or incidence of ICH.
Thus, risk factors for thromboembolism and ICH—

including the likelihood of CAA—should be weighed
carefully when considering anticoagulation. Data on
alternative treatments to warfarin for the manage-
ment of patients with AF who also have CAA are
emerging. Research quantifying risk of CAA to modify
risk schema such as the HAS-BLED score will be
necessary to provide clinically relevant numerical
criteria. Therapies such as LAAO and direct oral an-
ticoagulants seem to be promising; however, more

FIGURE 7 Heart–Brain Team Schema for Consideration of Pharmacologic and
Nonpharmacologic Therapies in a Patient With Atrial Fibrillation and CAA

Schema from our multidisciplinary clinic that involves input from cardiologists, neurol-
ogists, and radiologists. The risks and benefits of anticoagulation are reviewed by these
experts based on existing data. Additional review of brain imaging to identify features
suggestive of CAA can be performed if clinical suspicion is high. After an informed
discussion with the patient, those deemed to be at low risk of hemorrhage can be
considered for warfarin or DOACs. Those at a higher risk of bleeding can considered for
left atrial appendage occlusion or close observation with no therapy. *The use of DOACs
in those at higher risk of bleeding requires further data, but they are associated with a
lower risk of intracranial hemorrhage than warfarin. CHA2DS2-VASc ¼ congestive heart
failure, hypertension, age $75 years, diabetes mellitus, prior stroke, transient ischemic
attack, or thromboembolism, vascular disease, age 65–74 years, sex category (female);
HAS-BLED ¼ hypertension, abnormal renal or liver function, stroke, bleeding, labile
international normalized ratio, elderly, drugs or alcohol; LAA ¼ left atrial appendage;
Rx ¼ prescription; other abbreviations as in Figures 2 and 6.
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cSS: cortical superficial siderosis
CMBs: cerebral microbleeds



Modifiable bleeding risk factors 

Hypertension (especially when systolic blood pressure is >160 mmHg) 

Labile INR or TTR <60% (VKA) / Medication predisposing to bleeding

Excess alcohol (≥8 drinks/week)

Potentially modifiable bleeding risk factors 

Anaemia / Reduced platelet count or function

Impaired renal and liver function

Non-modifiable bleeding risk factors 

Age >65 years or ≥75 years

History of major bleeding / Previous stroke

Dialysis-dependent kidney disease or renal transplant

Cirrhotic liver disease / Malignancy / Genetic factors

Biomarker-based bleeding risk factors 

High-sensitivity troponin / Serum creatinine / estimated CrCl

Growth differentiation factor-15

Risk factors for bleeding in anticoagulated patients 
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Effects of Apixaban Versus Warfarin by Cancer Status 
Composite end point (Stroke/SE, MI, death, and ISTH major bleeding)  

Melloni C,
Am J Med 2017Cancer

Efficacy and Safety of Apixaban Versus Warfarin
in Patients with Atrial Fibrillation and a History
of Cancer: Insights from the ARISTOTLE Trial
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ABSTRACT

BACKGROUND: Cancer is associated with a prothrombotic state and increases the risk of thrombotic events
in patients with atrial fibrillation. We described the clinical characteristics and outcomes and assessed the
safety and efficacy of apixaban versus warfarin in patients with atrial fibrillation and cancer in the Apixaban
for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) trial.
METHODS: The association between cancer and clinical outcomes was assessed using Cox regression models.
At baseline, 1236 patients (6.8%) had a history of cancer; 12.7% had active cancer, and 87.3% had remote
cancer.
RESULTS: There were no significant associations between history of cancer and stroke/systemic embolism,
major bleeding, or death. The effect of apixaban versus warfarin for the prevention of stroke/systemic em-
bolism was consistent among patients with a history of cancer (event/100 patient-years = 1.4 vs 1.2; hazard
ratio [HR], 1.09; 95% confidence interval [CI], 0.53-2.26) and no cancer (1.3 vs 1.6; HR, 0.77; 95% CI,
0.64-0.93) (P interaction = .37). The safety and efficacy of apixaban versus warfarin were preserved among
patients with and without active cancer. Apixaban was associated with a greater benefit for the composite
of stroke/systemic embolism, myocardial infarction, and death in active cancer (HR, 0.30; 95% CI, 0.11-
0.83) versus without cancer (HR, 0.86; 95% CI, 0.78-0.95), but not in remote cancer (HR, 1.46; 95% CI,
1.01-2.10) (interaction P = .0028).
CONCLUSIONS: Cancer was not associated with a higher risk of stroke. The superior efficacy and safety of
apixaban versus warfarin were consistent in patients with and without cancer. Our positive findings regard-
ing apixaban use in patients with atrial fibrillation and cancer are exploratory and promising, but warrant
further evaluation.
© 2017 Elsevier Inc. All rights reserved. • The American Journal of Medicine (2017) 130, 1440–1448
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Adherence to Guidelines vs. Prejudice: 
Conclusions

è According to guidelines, CHA2DS2-VASc = 0 patients with AF 
should NOT receive OAC therapy, but real world data show 
they do receive OAC in more than 1/3 of cases

è Among all others, who should receive OAC with few exceptions, 
there is substantial under treatment, mostly due to prejudice 
driven by:
è Older Age
è Risk of falling 
è CKD
è Recent ischemic stroke
è Previous or active malignancy

è High risk of bleeding (not HAS-BLED!) and intra-cranial 
hemorrhage associated with cerebral amyloid angiopathy are 
potential reasons for NOT prescribing OAC therapy, after multi-
professional assessment leading to individually tailored decision 
making, including LAA occlusion


