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exeCuTive summary

Background
Approximately 2.3 million U.S. adults have atrial fibrillation (AF) and that number is projected to reach 
5.6 million in the year 2050.1 2 The prevalence rate in the 65+ Medicare population increased from 3.2% 
in 1992 to 6% in 2002 with much of the increase due to improved survival of AF patients.3 Prevalence 
progressively increases with age, with a doubling of prevalence between ages 65-74, 75 to 84 and 85+.3 
Non-valvular atrial fibrillation (NVAF), which makes up approximately 70% of AF cases, is the focus of this 
report. Annual costs for the NVAF population in the U.S are estimated to be $6.65 billion.4

AF is of particular concern because of its association with an increased risk of stroke, heart failure and 
all cause mortality.5 The Framingham Study reports that the probability of stroke in patients with NVAF is 
almost five-fold higher than in patients without NVAF.6 Strokes in patients with NVAF are more severe and 
disabling than those in patients without NVAF.7 

Practice guidelines have been developed based on the consistent observation in clinical trials that 
antithrombotic therapy significantly reduces the incidence of ischemic strokes in patients with NVAF. 
Two sets of evidence-based guidelines are typically considered: ACC/AHA/ESC guidelines and 
American College of Chest Physicians guidelines. Despite recommendations from these guidelines that 
oral anticoagulation (OAC) reduces the risk of stroke in patients with NVAF at moderate to high risk, 
anticoagulation appears to be consistently underutilized. Several studies report a prevalence of treatment 
with OAC for high risk patients with NVAF that ranges from only 39% to 59%. 8 9 10 11 

A major factor cited for underutilization involves physician concern with OAC-associated hemorrhage. A 
self reported survey of physicians indicated, physicians who underutilize OAC therapy overestimate the 
bleed risk associated with the use of OAC therapy.12 

Practical issues of access to care and a patient’s ability to care for themselves are often not considered 
when studies apply the results from clinical trials to the real world. This discrepancy certainly applies 
to NVAF, where current oral agents used in anticoagulation therapy can be less effective in real world 
clinical practice because of inappropriate prescribing and management of anticoagulation. 

This paper is intended to highlight the cost, utilization, mortality, and risk characteristics of Medicare 
beneficiaries with NVAF. We present the analysis for Medicare beneficiaries with NVAF stratified by 
eligibility and institutional status, for the following four populations: 

< 65: �  This population receives Medicare benefits because of disability or End Stage Renal Disease. 
This includes dual (both Medicare and Medicaid) and non dual eligible as well as institutionalized and 
non institutionalized. These people are often low income 

65+ Institutionalized � . These beneficiaries reside in nursing homes and are often eligible for Medicaid 
as well as Medicare. They are disabled, often poor, and often frail.

65+ Non Institutionalized, Non-Medicaid � . These beneficiaries are living in the community and are not 
receiving Medicaid. They perhaps fit the classical image of Medicare beneficiaries.

65+ Non Institutionalized, dual Eligible � . These beneficiaries live in the community, but they are 
eligible for Medicaid because they meet federal poverty levels. 

Report Highlights
Our analysis of Medicare 5% sample identified 70% of total AF patients would be classified as NVAF 
(see methodology for identification criteria of NVAF). The prevalence of NVAF increases with age with an 
overall prevalence rate for the Medicare population of 5.3%

Among patients with NVAF, the annual frequency of stroke, a significant complication of NVAF, is 
approximately 3%. During the year of a stroke, NVAF patients’ costs are approximately $5,000 per 
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patient per month (PPPM). Major bleeds (see appendix for definition), a complication associated with 
anticoagulation stroke prophylaxis, occur in patients with NVAF at an annual rate of 8%. During the year 
of a bleed, NVAF patients’ costs are approximately $4,400 PPPM.

figure 1: major bleeds, minor bleeds, and sTroke PoPulaTion PPPm Trended and To 2010
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Approximately 20% of patients with NVAF will have a stroke or a major or minor bleed in a given year but 
will account for approximately 36% of NVAF total medical cost. The pie graph below shows the annual 
dollar amounts incurred by patients with NVAF in a population of one million 65+ Medicare beneficiaries. 

figure 2: nvaf PaTienTs wiTh bleed or sTrokes aCCounT for 36% of CosTs 
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The mortality rate among NVAF patients with strokes and/or bleeds is high as shown below. Although 
20% of NVAF patients will have a stroke or bleed in a given year, they will account for 32% of the  
NVAF deaths.
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figure 3: nvaf PaTienTs wiTh bleed or sTrokes aCCounT for 32% of deaThs 
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Source: Milliman analysis of Medicare 5% sample 2008

Our analysis identified that over 50% of patients with NVAF do not appear to be receiving anticoagulation 
therapy, the standard of care for stroke prevention in patients with NVAF without contraindications.

Oral anticoagulation therapy (OAC) is recommended for stroke prevention in patients with AF and >1  �
risk factor; Warfarin is currently the only OAC available by prescription and certainly the most effective 
OAC treatment.13

From our analysis of Medicare 5% sample 2008 data, we estimated that only 43% of the 65+ patients  �
with NVAF would be considered on OAC therapy.

Considerations for Payers Regarding Anticoagulation Management for Patients with NVAF
To address patient management concerns, plans should consider disease management efforts aimed  �
at the AF population and, in particular, monitoring of OAC therapy and INR values. 

To address the burden of OAC dosing and monitoring, specialized anticoagulation clinics with  �
personnel trained to manage anticoagulation have been established in some regions.14 15 Patient self-
testing with and without self reporting has been another approach to improving OAC management.16 

To address quality of care and safety, OAC management in patients with NVAF has received attention  �
from Medicare as well as the Joint Commission on the Accreditation of Healthcare Organizations. 
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aTrial fibrillaTion in The mediCare PoPulaTion

In this section we establish why atrial fibrillation (AF) warrants increased attention, providing an overview 
of the reported prevalence, health risks, cost burden, treatment patterns, and challenges regarding 
oral anticoagulation therapy. The focus of this report is on Medicare beneficiaries with non valvular-
atrial fibrillation (NVAF) which accounts for greater than 70% of AF cases.17 Of particular interest 
is the appropriate use of oral anticoagulation therapy in the NVAF population to reduce the risk of 
thromboembolic events, the vast majority of which are strokes. 

Prevalence, Risks and Costs
Approximately 2.3 million U.S. adults have AF and that number is projected to reach 5.6 million in the 
year 2050.1 2 The prevalence rate in the 65+ Medicare population increased from 3.2% in 1992 to 6% 
in 2002 with much of the increase due to improved survival of AF patients.3 Prevalence progressively 
increases with age, with a doubling of prevalence between ages 65-74, 75 to 84 and 85+.3 

AF is an irregular heart rhythm originating in the atrial (upper) chambers of the heart. Patients with AF 
are often asymptomatic, although they may have symptoms such as palpitations, dyspnea, dizziness 
and fatigue. AF occurs most often in patients with underlying heart disease such as hypertensive heart 
disease, heart failure, atherosclerotic, or valvular heart disease.13 AF is associated with an increased risk 
of stroke, heart failure and all cause mortality, especially in women.5 One in every 6 strokes is associated 
with AF18, with approximately 40% of the strokes in patients 80-89 years old attributed to AF.6 

The pathophysiology of stroke associated with AF is not clearly defined. The high risk of stroke is thought 
to be caused by several factors. When AF occurs, the atria do not contract and blood stagnates and 
lingers in the left atrium and atrial appendage. This can lead to a thrombus formation which can break off, 
becoming an embolus, and travel and lodge in an artery causing an ischemic stroke. In addition, patients 
with AF have a higher prevalence of other risk factors for stroke including hypertension, diabetes and 
heart failure which also contributes to the higher stroke incidence rates.19 

Specifically in regards to patients with NVAF, the Framingham Study reports the probability of stroke is 
almost fivefold higher than in patients without NVAF.6 Ischemic strokes in patients with NVAF are more 
severe and disabling than those in patients without NVAF.7 

The cost of care associated with NVAF can be considerable, as estimated by Coyne et al. to be $6.65 
billion. Using the Healthcare Cost and Utilization Project (HCUP) data, the National Ambulatory Care 
Survey (NAMCS) database and the National Hospital Ambulatory Medical Care Survey (NHAMCS) the 
Coyne et al. study reported 350,000 hospitalizations, 5.0 million office visits, 276,000 ED visits and 
234,000 hospital outpatient department visits were attributable to NVAF annually in the U.S.4 An analysis 
of the Integrated Healthcare Information Systems (IHCIS) National Managed Care Benchmark Database 
evaluated 25 million managed care lives for readmission rates among NVAF patients. In the year following 
the index hospitalization, 12.5% of chronic NVAF patients were readmitted for NVAF with a mean time to 
readmission of 142.5 days.20

Treatment Guidelines
Management of patients with AF involves 3 objectives: rate control, prevention of thromboembolism, 
and correction of rhythm disturbance. Drugs, cardioversion, and ablation can be used to control heart 
rate or in an attempt to restore normal sinus rhythm. The selection of the appropriate therapeutic 
approach depends on several clinical variables, including age, duration of atrial fibrillation, and coexisting 
conditions. Apparent restoration of sinus rhythm does not reduce the risk of stroke; as such, the need for 
anticoagulation remains after attempted sinus rhythm restoration.13

Selection of patients with NVAF for anticoagulation to prevent strokes depends on physician assessment 
of the relative risk of stroke versus bleeding in an individual patient. The decision can be complicated and 
difficult since each patient presents with a unique constellation of clinical features. 
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Practice guidelines have been developed based on the consistent observation in clinical trials that 
antithrombotic therapy significantly reduces the incidence of ischemic strokes in patients with NVAF. A 
meta-analysis reports an average 64% relative risk reduction of ischemic stroke in those on adjusted 
dose warfarin versus placebo.21 

Two sets of guidelines are typically considered. A summary of the ACC/AHA/ESC guidelines and 
College of Chest Physicians guidelines appears below. Details are provided in Appendix B. 

figure 4: aCC/aha/esC anTiThromboTiC guidelines for nvaf PaTienTs

 Class

PaTienT feaTures anTiThromboTiC TheraPy reCommendaTion

age less Than 60 yrs –  asPirin (81 To 325 mg Per day) or i

no hearT disease (lone af) no TheraPy

age < 60 yrs –  asPirin (81 To 325 mg Per day) i

hearT disease, no risk faCTors*

age > 60 To 74 yrs – no risk faCTors* asPirin (81 To 325 mg Per day) i

age > 65 To 74 yrs wiTh diabeTes oral anTiCoagulaTion (inr 2 To 3) i

melliTus or Cad

age > 75 years – women oral anTiCoagulaTion (inr 2 To 3) i

age > 75 years – men,  oral anTiCoagulaTion (inr 2 To 3), 

no oTher risk faCTors or asPirin (81 To 325 mg Per day) i

age > 65 years – hearT failure oral anTiCoagulaTion (inr 2 To 3) i

lv ejeCTion fraCTion less Than oral anTiCoagulaTion (inr 2 To 3) i

or equal To 35% or fraCTional 

shorTening less Than 25%, 

and hyPerTension

rheumaTiC heaT disease oral anTiCoagulaTion (inr 2 To 3) i

(miTral sTenosis)

ProsTheTiC hearT valves oral anTiCoagulaTion (inr 2 To 3 or higher) i

Prior Thromboembolism oral anTiCoagulaTion (inr 2 To 3 or higher) i

PersisTenT aTrial Thrombus on Tee oral anTiCoagulaTion (inr 2 To 3 or higher) iia

* Risk factors for thromboembolism include heart failure (HF), left ventricular (lV) ejection fraction less than 35%, and history of hypertension. 
AF = Atrial fibrillation; CAd = coronary artery disease; INR = international normalized ratio; TEE =transesophageal echocardiography
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figure 5: ameriCan College of ChesT PhysiCians: 2008 guidelines

risk level PaTienT feaTures TheraPeuTiC guidelines evidenCe level

Low	 •	Age	< 75 years asPirin 75- To 325-mg/day 1b

	 •	No	AdditioNAL	risk	fActors	 	

iNtermediAte	 •	ANy	oNe	of	the	foLLowiNg		 wArfAriN	 1A

  risk faCTors: (TargeT inr 2.5, range 2.0 To 3.0)

  - age > 75 years or

  - hearT failure‡ asPirin 1b

  - diabeTes* 75- To 325-mg/day

  - hisTory of hyPerTension†

  - lv sysToliC dysfunCTion‡ 

high	 •	>1	iNtermediAte	risk	fActor	 wArfAriN	 1A

	 •	history	of	stroke,	tiA,	or		 (tArget	iNr	2.5	rANge	2.0	to	3.0)	

  sysTemiC embolus*  

	 •	mitrAL	vALve	diseAse	or	

  ProsTheTiC hearT valve§  

*Not defined.
†Systolic BP > 160 mm Hg.
‡Recent (< 100 days) CHF or fractional shortening < 25% by M-mode echocardiography.
§ If mechanical valve, target INR 3.0 (range 2.5 to 3.5).

Several clinical schemes have been developed to estimate the risk of ischemic stroke in patients with 
AF. The CHADS2 risk scoring methodology is the simplest and most commonly used although the 
risk projections produced are not considered precise.22 The CHADS2 assigns points for five factors; 
1 point for Congestive heart failure, 1 point for Hypertension, 1 point for Age > 75 years, 1 point for 
diabetes and 2 points for history of Stroke or TIA. Risk scores correspond with the following levels: 0-1 
point low risk, 2 points moderate risk, 3+ points high risk. Treatment recommendations for prophylactic 
anticoagulation depend on the number of risk factors. 

Anticoagulation Therapy: Challenges and opportunities
Despite evidence that oral anticoagulation (OAC) reduces the risk of stroke in patients with NVAF at 
moderate to high risk, anticoagulation appears to be consistently underutilized. Several studies report a 
prevalence of treatment with OAC for high risk patients with NVAF that range from 39% to 59%.8 9 10 11 
For those treated with OAC, maintaining the recommended therapeutic INR level between 2.0 and 3.0 
can be difficult. A large, nation-wide study of electronic medical records reported that patients spent only 
48% of study days within the recommended INR range.23 Another study found in approximately one third 
of patients, the INR was in therapeutic range < 20% of the time and only 19% of patients spent all or 
almost all of their time within the therapeutic range.19

Underutilization has been, in part, linked to healthcare system, physician and patient factors. Physician 
surveys suggest that healthcare system barriers to optimal anticoagulation include delays in laboratory 
reports for INRs, the general inconvenience of monitoring (recommendations are to measure at least 
every 4 weeks) and the lack of consultant services in anticoagulation management.24 A major factor cited 
for underutilization involves physician concern with OAC- associated hemorrhage. Studies report that 
physicians who underutilize OAC therapy overestimate the bleed risk associated with the use of OAC 
therapy.12 Without careful monitoring of INR levels, supratherapeutic INR levels can and do lead to major 
bleeds. Bleeds associated with OAC therapy are reported as a significant portion of emergency room 
visits for adverse drug events among older adults.25 Patient factors for underutilization include physician 
reports that the reason for not prescribing anticoagulation in 14% of their patients was because of 
patient refusal or history of non-adherence.26

The risk for bleeding needs to be weighed when deciding on OAC therapy and the HEMORR2HAGES 
risk scoring tool was developed for this purpose.27 Bleeding risk factors from existing classification 
schemes were combined and validated to create the HEMORR2HAGES scheme. Two points are 
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assigned for a prior bleed and one point for each of the other risk factors: Hepatic or renal disease, 
Ethanol abuse, Malignancy, Older (age >75), Reduced platelet count or function, Hypertension 
(uncontrolled), Anemia, Genetic factors, Excessive fall risk and Stroke. The bleed risk is categorized as 
low severity 0-1 points, moderate risk 2-3 points and high risk 4+ points. Again, as with the CHADS2 risk 
scoring methodology, the risk scoring projections are not considered precise. Both the stroke risk score 
and bleed risk score should be given consideration when considering OAC therapy.

While this paper focuses on the Medicare population, we recognize that NVAF is a significant condition 
for younger populations; 18% of all atrial fibrillation patients are < 65 years of age.1 Certainly, the 
challenges and opportunities we identify for Medicare beneficiaries with NVAF apply to all populations 
affected by NVAF.
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non-valvular aTrial fibrillaTion (nvaf):  

mediCare 5% analysis

Our analysis found that Medicare beneficiaries with NVAF make up approximately 70% of the total  
AF population. Our analysis suggests the need for increased attention to the medical management of  
this population. 

demographics and Eligibility Categories of the General Medicare Population
Because Medicare eligibility and health status are important determinants of access and suitable 
interventions, we summarize our findings for 4 eligibility/status categories of Medicare beneficiaries: 

< 651. : This population receives Medicare benefits because of disability or End Stage Renal Disease. 
This includes dual (both Medicare and Medicaid) and non dual eligible as well as institutionalized and 
non institutionalized. These people are often low income 

65+ Institutionalized2. : this population resides in nursing homes and includes both dual and non 
dual eligible although the majority are dual eligible. This category does not include temporary skilled 
nursing home patients or non institutionalized LTC patients cared for in the community

65+ Non Institutionalized Non-dual3. : this is what would be considered the traditional Medicare 
population and makes up 70% of the Medicare population.

65+ Non Institutionalized dual Eligible4. : this population is eligible for both Medicare and Medicaid 
and resides in the community. It is older and mostly female, perhaps with a high portion of widows. 

The average costs of these populations are dramatically different reflecting the scope and frequency of 
services provided to them.

For section I, we present basic demographic and cost information for all 4 categories of beneficiaries and 
narrow the detailed analysis in sections II and III to the 65+ categories. 

I. Prevalence, Cost and utilization of the NVAF Population
We identified Medicare beneficiaries with NVAF using the methodology described in appendix B. Figure 6 
shows the prevalence of NVAF is 5.3% with the institutionalized population having the highest incidence.

figure 6: disTribuTion of all mediCare benefiCiaries by eligibiliTy CaTegory, and 

disTribuTion of PaTienTs wiTh nvaf by eligibiliTy CaTegory 

 ToTal age <65  age 65+ 

    non non

    insTiTuTionalized insTiTuTionalized

   insTiTuTionalized non-dual dual

mediCare PoPulaTion 100% 17% 4% 70% 9%

PaTienTs wiTh nvaf 5.3% 1.3% 12.6% 5.9% 5.3%

Source: Milliman analysis of Medicare 5% sample 2008

Patients with NVAF are relatively older and the prevalence of NVAF increases with age as shown in 
Figure 7. The <65 population has a much lower prevalence (not shown). The prevalence rate of NVAF is 
12.6% for 65+ institutionalized population, 5.9% for 65+ non institutionalized non-dual and 5.3% for 65+ 
non-institutionalized dual Medicare beneficiaries.
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figure 7: PrevalenCe of PaTienTs wiTh nvaf by mediCare eligibiliTy CaTegory
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Patients with NVAF have a higher rate of comorbidities than the average Medicare beneficiary which adds 
to the cost burden. Figure 8 shows prevalence rates of 68% for hypertension, 27% for diabetes and 
30% for CHF in the NVAF population. 

figure 8: PrevalenCe of ComorbidiTies among nvaf PoPulaTion
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Patients with NVAF are at higher risk for thromboembolic – venous and arterial – events. The observed rate  
of venous and arterial events for NVAF Medicare beneficiaries is 33 per 1000 as shown in Figure 9. Venous  
events include pulmonary embolism, pulmonary infarction, phlebitis and thrombophlebitis. Arterial events 
include arterial embolism and thrombosis, acute myocardial infarction (MI), coronary occlusion without MI, 
intermediate coronary syndrome, retinal vascular occlusion and vascular disorders of the kidney.28 

figure 9: ThromboemboliC evenT inCidenCe/1000 nvaf mediCare benefiCiaries

 age <65  age 65+ 

   non non

raTes/1000 nvaf   insTiTuTionalized insTiTuTionalized

mediCare benefiCiaries  insTiTuTionalized non-dual dual ToTal

venous 6 14 5 7 6

arTerial 33 32 25 38 27

ToTal 39 47 30 45 33

(venous and arTerial)

Source: Milliman analysis of Medicare 5% sample 2008

Patients with NVAF have higher utilization of inpatient stays and emergency room (ER) visits than the 
general Medicare population, some of which is related to a higher rate of comorbidities and some directly 
related to NVAF. We identified that 7% of admissions for NVAF patients have a primary diagnosis of atrial 
fibrillation. The frequency of ER visits are lower for those with NVAF, which we believe is due to the higher 
admission rate – ER visits that result in an admission are not billed as ER visits. Figure 10 shows the 
utilization rates by eligibility category.

We note that all-cause readmissions within 60 days are also higher for the NVAF population. The within 
60-day rate of readmissions for the total NVAF population is 20% whereas the rate of readmission for the 
total Medicare population is 19.6%within 30 days and 34% within 90 days.29 

figure 10: inPaTienT admissions, readmissions and er visiTs/1000 
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The per capita cost for patients with NVAF is more than twice that of the general Medicare population, 
and, as with the general Medicare population, inpatient costs are the largest component. Applying 
Medicare’s Hierarchical Condition Category risk scoring methodology (see Appendix B) to our 
proprietary Part D bid tools, we estimate the Part D costs of patients with NVAF at $304 Per-Patient-Per 
Month (PPPM) compared to an average $181 Per-Member-Per-Month (PMPM) for the total Medicare 
population (not shown in Figure 4). Figure 11 shows, for 2010, patient NVAF costs as Per- PPPM 
figures, while the total Medicare costs are shown as PMPM. We report the PPPM inclusive of all the 4 
NVAF populations.

figure 11: PmPm CosTs by nvaf PaTienT eligibiliTy CaTegory and ToTal mediCare PoPulaTion 
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II. Patients with NVAF are a High Risk Population
The comorbid and thromboembolic risk profiles suggest that the NVAF Medicare population is a high risk 
group. We present several risk characteristics of the NVAF population for the 65+ population. 

For reference purposes we provide the distribution and sample size of total 65+ Medicare population 
and the NVAF 65+ Medicare population in Figure 12 below:

figure 12: disTribuTion of mediCare 65+ benefiCiaries by eligibiliTy CaTegories

 

   age 65+   

  non non

  insTiTuTionalized insTiTuTionalized 

 insTiTuTionalized non-dual dual ToTal

% disTribuTion of all 5% (64,034) 84% (1,019,980) 11% (132,504) 100%

mediCare 65+ benefiCiaries (n)

PrevalenCe of nvaf in  12.6% (2,215) 5.9% (27,994) 5.3% (2,296) 6.2%

mediCare 65+ benefiCiaries (n)

Source: Milliman analysis of Medicare 5% sample 2008 
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The high risk for ischemic stroke is of particular concern and the focus of antithrombotic therapy 
recommendations. Oral anticoagulation therapy (OAC) is recommended for stroke prevention in patients 
with AF and >1 risk factor; Warfarin is currently the only OAC available by prescription and certainly the 
most effective OAC treatment. Of interest in our analysis is the identification of appropriate use of OAC 
therapy based on current treatment guidelines. The remainder of our findings are reported for the 65+ 
Medicare population on and not on OAC, i.e. warfarin, therapy (+ OAC therapy and - OAC  
therapy respectively).

As noted previously, an INR between 2.0 and 3.0 is considered therapeutic in patients with NVAF 
on OAC to reduce the risk of stroke without increasing the risk of bleeding. The INR test is typically 
performed at least monthly to monitor and adjust the dose of OAC therapy if needed. An INR level <  
than 2.0 is associated with higher risk of stroke while an INR3.0 is associated with an increased risk  
of bleeding. 

In the timeframe that was evaluated, we estimated that only 43% of the 65+ patients with NVAF were on 
OAC therapy. Patients presumed to be on treatment with OAC were older than those not treated with 
OAC. Although a higher percentage of patients with NVAF are women, the proportion of men on OAC is 
higher than women. The average member months of eligibility exposure in Medicare 5% 2008 for those 
on and off OAC was not significantly different. If this difference was significant, it could explain some of 
the difference in the rate of adverse events as those with longer eligibility exposure would have a longer 
time period to experience a stroke or bleed. We note the slightly longer average months of eligibility for 
those considered on OAC may reflect the 3+ INR methodology requirements requiring more exposure 
months. Figure 13 provides characteristics of the NVAF population considered on and off OAC. We did 
not match the on and off OAC cohorts by demographics, comorbidities or HCC risk scores. 

figure 13: CharaCTerisTiCs of on and off oaC PoPulaTion by mediCare eligibiliTy CaTegory

   age 65+ 

   non non

   insTiTuTionalized insTiTuTionalized

  insTiTuTionalized non-dual dual ToTal

% wiTh oaC TheraPy  27% 47% 33% 43%

average age +oaC 84 78 78 79

 - oaC 85 79 80 80

PerCenT of males +oaC 33% 53% 32% 51%

 - oaC 30% 50% 31% 45%

average member  +oaC 11.4 11.8 11.7 11.8

monThs - oaC 11.1 11.2 10.6 11.1

Source: Milliman analysis of Medicare 5% sample 2008 oAC = oral Anticoagulation.

We used the Hierarchical Condition Category30 (HCC) system to estimate the overall health risk status 
of patients with NVAF (see Appendix B for a description of HCC risk scoring). We find that patients with 
NVAF have a significantly higher HCC score than average Medicare beneficiaries (approximately 1.0) 
as shown in Figure 14. Dual eligibles, both institutionalized and non-institutionalized, have higher scores 
than non duals. The patients with NVAF off OAC have a higher score than those on OAC (except for 
institutionalized), possibly reflecting physician preferences to not use OAC on very sick patients.
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figure 14: hCC sCores for mediCare benefiCiaries wiTh nvaf

   age 65+ 

   non non

   insTiTuTionalized insTiTuTionalized

  insTiTuTionalized non-dual dual ToTal

nvaf all  3.06 2.14 2.93 2.32

+ oaC  3.07 1.93 2.60 2.06

– oaC  3.05 2.33 3.09 2.51

Source: Milliman analysis of Medicare 5% sample 2008 
HCC Scores were calculated based on 2008 claims using the 2009 program issued by CMS.

The mortality rate of patients with NVAF is more than twice that of the general Medicare population. 
Figure 15 shows the annual mortality rates for each Medicare population, the annual mortality rates for 
the patients with NVAF in each population, and a ratio that shows the demographically-adjusted increase 
in mortality associated with NVAF.

For all categories, the mortality for the NVAF population is higher than the general population; some of 
the higher mortality may be due to the overall older age of patients with NVAF. After adjusting for age and 
sex, the presence of NVAF increases mortality by 59% across the 65+ Medicare groups. 

figure 15: morTaliTy raTes of mediCare benefiCiaries wiTh nvaf 
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Source: Milliman Analysis of Medicare 5% Sample data 2008

* The “mortality load” shown in Table 5 was calculated by first applying the age-sex specific mortality rate (total population) to each NVAF 
patient to produce the number of deaths expected if the Patients with NVAF had the general population mortality. Then, this expected number 
of deaths was divided into the actual number of deaths. The loads shown are the resulting quotient minus 1.0. Mortality loads = ( Number 
of deaths of Patients with NVAF)/( Number of Patients with NVAF × Mortality Rate of Not Patients with NVAF)-1 
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III. Balancing Risk in the Management of Patients with NVAF 

Stroke
While OAC therapy is recommended for moderate and high risk patients with NVAF to reduce the risk of 
ischemic strokes and other thromboembolic events, OAC therapy can increase the risk of bleeding. The 
guidelines recommend evaluation of the risk of stroke and bleeding in making treatment decisions.

The CHADS2 stroke risk score can be used to estimate the relative risk of stroke in patients with NVAF. 
The CHADS2 score can be calculated from information in administrative data. We calculated the 
CHADS2 score for patients with NVAF in our database and identified that 45% of the NVAF population 
are at moderate or high risk for stroke and not on OAC therapy based on the INR claim logic. Figure 16 
shows the distribution of CHADS2 risk scores. 

figure 16: disTribuTion of Chads2 risk sCores and oaC use among PaTienTs wiTh nvaf

    age 65+  

   non non

   insTiTuTionalized insTiTuTionalized

Chads2 risk sCores  insTiTuTionalized non-dual dual ToTal 

    

% of nvaf mediCare benefiCiaries by risk sCore Class 

+ oaC  low 1% 12% 5% 10%

 moderaTe 14% 27% 19% 25%

 high 12% 8% 9% 9%

- oaC  low 5% 13% 10% 12%

 moderaTe 40% 30% 39% 32%

 high 27% 10% 18% 13%

Source: Milliman analysis of Medicare 5% sample 2008 oAC = oral Anticoagulation.
CHAdS2 scores: low (0-1 points), moderate (2 points), high (3+ points)

Our analysis shows that about 3 percent of patients with NVAF, regardless of OAC therapy, will have a 
stroke in a given year (see Appendix B for methodology and codes for stroke identification). Figure 18 
shows about 80% of these are ischemic strokes and about 20% are hemorrhagic strokes. 

The incidence of all strokes (ischemic and hemorrhagic) is higher among patients with NVAF not on OAC 
therapy versus those on OAC therapy (Figure 17). In particular, the incidence rate of ischemic stroke is 
19/1000 for patients with NVAF on OAC therapy versus 30/1000 for those not on OAC therapy. We 
did not match the on and off OAC cohorts by demographics, comorbidities or HCC risk scores, thus the 
difference in stroke incidence cannot be entirely attributed to the presence or absence of OAC therapy.
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figure 17: sTroke inCidenCe Per 1000 65+ mediCare benefiCiaries wiTh nvaf 

    age 65+  

   non non

   insTiTuTionalized insTiTuTionalized

  insTiTuTionalized non-dual dual ToTal 

    

sTroke inCidenCe Per 1000 65+ PaTienTs wiTh nvaf in eaCh CaTegory

all sTroke  + oaC 53 21 31 24

 – oaC 50 33 48 37

isChemiC  + oaC 44 16 27 19

sTroke – oaC 42 27 40 30

hemorrhagiC + oaC 9 4 4 5

sTroke – oaC 8 6 8 7

Source: Source: Milliman analysis of Medicare 5% sample 2008 oAC = oral Anticoagulation.

Patients with NVAF who have a stroke have high mortality and high readmission rates, as shown in Figure 
18. Patients on OAC have lower mortality and readmission rates than those not on OAC therapy. 

figure 18: nvaf sTroke PoPulaTion: annual deaTh raTe and 60 day readmission raTes 

     age 65+  

    non non

    insTiTuTionalized insTiTuTionalized

sTroke PoPulaTion   insTiTuTionalized non-dual dual ToTal 

    

annual deaTh raTe + oaC 27% 28% 23% 27%

  – oaC  50% 45% 51% 47%

readmission raTe  + oaC 49% 29% 30% 33%

wiThin 60 days – oaC  47% 32% 38% 36%

Source: Milliman analysis of Medicare 5% sample 2008 oAC = oral Anticoagulation.

Patients with NVAF who have a stroke can be costly, as shown in Figure 19. As expected, costs are 
higher for those who are institutionalized or dual eligible. On average, during the year of a stroke, patients 
with NVAF cost about $5,000 per patient per month. The costs are the average across the NVAF stroke 
population assuming the stroke occurs mid year. (See methodology for cost calculation)
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figure 19: nvaf sTroke PoPulaTion PPPm CosTs (Trended To 2010)
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Source: Milliman analysis of Medicare 5% sample 2008
dME: durable Medical Equipment; SNF: Skilled Nursing Facility; Hospital oP: out-Patient; Hospital IP: In-Patient

Bleeds
We evaluated the bleeding risk scores and the bleeding event rate (see Appendix C for bleed definition) 
for patients with NVAF on and off OAC therapy. We used the HEMORR2HAGES score to estimate 
the risk of bleeding in patients with NVAF and identified that 40% are at low to moderate risk of bleeds 
and not on OAC therapy. For a million Medicare beneficiaries that would amount to 24,719 patients 
with NVAF with a low to moderate bleeding risk not on OAC therapy. Figure 20 shows the distribution 
of HEMORR2HAGES risk scores. We note that some of these patients may be on other anticoagulants 
such as aspirin, so this data may overestimate the untreated, low bleed risk population.

figure 20: disTribuTion of hemorr2hages risk sCores and 

oaC use among PaTienTs wiTh nvaf

     age 65+  

    non non

hemorr2hages   insTiTuTionalized insTiTuTionalized

risk sCore   insTiTuTionalized non-dual dual ToTal 

    

% of benefiCiaries by risk sCore Class

+ oaC low 1% 12% 6% 10%

 moderaTe 12% 25% 18% 23%

 high 14% 10% 9% 10%

– oaC  low 4% 12% 11% 11%

 moderaTe 33% 28% 35% 29%

 high 35% 13% 21% 16%

Source: Milliman analysis of Medicare 5% sample 2008

Based on our claim analysis, approximately 19% of 65+ Patients with NVAF, combining on and off 
OAC will have a major or minor bleed in a year (see appendix B for bleed codes and identification 
methodology). The rate of major bleeds is 112/1000 NVAF patients while the rate of minor bleeds is 
264/1000 NVAF patients. The incidence of major bleeds is higher among patients not on OAC while the 
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incidence of minor bleeds is higher among patients on OAC. Because we did not match the on and off 
OAC cohorts by demographics, comorbidities or HCC risk scores, other factors that are known to impact 
the risk of bleeding could impact OAC use and subsequent related outcomes.

figure 21: bleed inCidenCe raTes for 65+ mediCare benefiCiaries wiTh nvaf 

    age 65+  

    non non

    insTiTuTionalized insTiTuTionalized

   insTiTuTionalized non-dual dual ToTal 

    

major bleeds inCidenCe Per 1000 65+ PaTienTs wiTh nvaf in eaCh CaTegory 

± oaC  164 100 151 112

+ oaC  172 86 139 96

– oaC  162 113 157 124

minor bleeds inCidenCe Per 1000 65+ PaTienTs wiTh nvaf in eaCh CaTegory 

± oaC  242 272 222 264

+ oaC  328 380 357 375

– oaC  209 177 155 179

Source: Milliman analysis of Medicare 5% sample 2008

Patients with NVAF who have a bleed are expensive. As expected, costs are higher for those who are 
institutionalized or dual eligible. On average, during the year of a bleed, patients with NVAF cost about 
$4,400 PPPM. The costs are the average across the NVAF bleed population assuming the bleed occurs 
mid year. (See methodology for cost calculation)

figure 22: PaTienTs wiTh nvaf PPPm CosTs (Trended To 2010) during year of a bleed 
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Stroke and Bleeds 
The annual inpatient admission rate for Medicare beneficiaries 65+ with NVAF is 994/1000: strokes 
and bleeds make up 15% of the total admissions. Figure 23 shows the portion of admissions for 
bleeds, stroke or AF. By contrast, the average inpatient admission rate for 65+ Medicare beneficiaries is 
386/1000.

figure 23: inPaTienT admissions for mediCare 65+ PaTienTs wiTh nvaf.
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Figure 24 shows the average annual costs for patients with NVAF with strokes or bleeds during a 12 
month period. While some of the high costs are due to age, these events bring a significant cost burden. 
Although the no bleed or stroke NVAF population is not matched on demographics and comorbidities to 
the stroke and bleed population, the costs during the year of a stroke or bleed are more than double that 
of the non bleed/non stroke NVAF population. 

figure 24: average annual CosTs (Trended To 2010) for PaTienTs wiTh nvaf wiTh and 

wiThouT sTroke or bleeds ComPared To ToTal mediCare 65+ PoPulaTion
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Approximately 20% of patients with NVAF will have a stroke or a major or minor bleed in a given year 
but will account for approximately 36% of NVAF total medical cost. Figure 25 shows the annual dollar 
amounts incurred by patients with NVAF in a population of one million 65+ Medicare beneficiaries. 

figure 25: disTribuTion of CosTs for mediCare 65+ nvaf PaTienTs 
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Source: Milliman analysis of Medicare 5% sample 2008

The mortality rate among NVAF patients with strokes and/or bleeds is high as shown in Figure 20 and 21. 
Although only 20% of NVAF patients will have a stroke or bleed in a given year, they will account for 32% 
of the NVAF deaths

figure 26: disTribuTion of deaThs for mediCare 65+ nvaf PaTienTs 
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ConsideraTions for Payers regarding  

anTiCoagulaTion managemenT for PaTienTs wiTh nvaf

The 65+ Medicare population with NVAF is a high risk, high cost population. Our claim analysis identified:

Underutilization of OAC therapy for patients with NVAF who appear to be eligible for therapy, based on  �
treatment guidelines 

Higher rate of strokes for those not on OAC therapy  �

Substantial spend associated with strokes and bleeds: 36% of total NVAF spend is for patients with  �
NVAF having strokes and bleeds; for a population of 1 million Medicare beneficiaries, this amounts to 
$722 million dollars.

Our analysis as well as published studies point to the opportunity for better OAC management of patients 
with NVAF which can lead to a reduction in ischemic strokes. Better OAC management requires provider 
adherence to guidelines, patient compliance, and supportive coverage design. 

OAC management has received attention from Medicare as well as the Joint Commission on the 
Accreditation of Healthcare Organizations. The CMS Physician Quality Reporting Initiative (PQRI), 
which created incentive payments for reporting performance on designated quality metrics, includes the 
measure of prescribing anticoagulation at discharge for patients hospitalized with ischemic stroke or 
TIA who have documented persistent or paroxysmal AF. The Joint Commission has established National 
Patient Safety goals for improving the safety of patients on anticoagulation therapy and recommends 
patient involvement and education for inpatients on anticoagulation that will be discharged on long 
term therapy. To support provider adherence to guidelines, plans might consider profiling physicians 
regarding OAC use and INR therapeutic range management. HEDIS currently does not have a quality 
outcome metric for OAC therapy management but quality outcome metrics can be readily established 
and measured for AF patients. Pay for performance (P4P) programs for OAC management should 
be considered after evaluating the outcomes with the PQRI program as well as P4P programs for 
management of other chronic disease states. 

To address patient management concerns, plans should consider disease management efforts aimed 
at the AF population and in particular monitoring of OAC therapy and INR values. Medical management 
programs typically focus on major chronic conditions such as diabetes, CHF, COPD, and CAD and AF 
has been largely ignored. For AF patients receiving disease management services for the 5 major chronic 
conditions, specific AF management should be incorporated. Consideration should also be given to 
targeting AF patients for disease management aimed at AF management. This would be quite feasible 
with identification of the AF population through ICD9 codes and OAC therapy claims. Measuring the 
value of AF disease management programs should include targets for guideline adherence with OAC 
therapy and targets for meeting INR therapeutic levels. 

To address the burden of OAC dosing and monitoring, specialized anticoagulation clinics with personnel 
trained to manage anticoagulation have been established in some regions. There are mixed results on 
whether the outcomes for patients receiving care at anticoagulation clinics compared to standard care 
are better controlled on their anticoagulation therapy. 14 15  

Patient self testing with and without self reporting has been another approach to improving OAC 
management. Patients are instructed to use a device to measure INR based on a finger stick blood 
sample and convey the results to the physician’s office which adjusts the dose accordingly as well as 
patients being taught to adjust the dose themselves. One study reported improved INR management 
with the self monitoring. 16 Web based monitoring systems to facilitate patient self monitoring are now 
available including the site: www.PTINR.com.
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Because clinical guidelines recommend long term OAC therapy for patients with NVAF (see 
recommendation section), the cost can be a burden for these patients. Benefit and formulary designs 
should be evaluated for barriers to access and adherence to drug therapy and monitoring of INR. In 
March of 2008, Medicare expanded coverage of home INR monitoring to include chronic AF and venous 
thromboembolism patients that are on warfarin. Patients with AF must have a physician’s prescription, 
and have been taking warfarin for 90 days or more to qualify. Reimbursement for the monitor and testing 
supplies requires that the patient completes face-to-face training from a healthcare professional and 
continue to competently use the device according to a physician’s instructions. 
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aPPendix a:  

desCriPTion of key daTa sourCes and Their aPPliCaTion

Medicare 5% Sample. This Limited Data Set contains all Medicare paid claims generated by a 
statistically-balanced sample of Medicare beneficiaries. Information includes diagnosis codes, procedure 
codes, and diagnosis-related group (DRG) codes, along with site of service information as well as 
beneficiary age, eligibility status and an indicator for HMO enrollment. We used Medicare 5% beneficiary 
sample data in 2007-2008.

Milliman’s 2009 Health Cost Guidelines. The Guidelines provide a flexible but consistent basis for the 
determination of health claim costs and premium rates for a wide variety of health plans. The Guidelines 
are developed as a result of Milliman’s continuing research on health care costs. First developed in  
1954, the Guidelines have been updated and expanded annually since that time. The Guidelines are 
continually monitored as they are used in measuring the experience or evaluating the rates of health 
plans, and as they are compared to other data sources. The Standard Demographics in the Guidelines 
were developed to be representative of the age and sex distribution for a typical large insured group. 
The Standard Demographics were developed using data from large insurers combined with Department 
of Labor Sources. We use the Guidelines to demographically adjust our target population to a typical 
working age population. 
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aPPendix b: anTiCoagulaTion TreaTmenT guidelines 

The guidelines developed by the ACC/AHA/ESC recommend:13

Class I Recommendations

Antithrombotic therapy to prevent thromboembolism is recommended for all patients with AF, except  �
those with lone AF or contraindications. (Level of Evidence: A) 

The selection of the antithrombotic agent should be based upon the absolute risks of stroke and  �
bleeding and the relative risk and benefit for a given patient. (Level of Evidence: A) 

For patients without mechanical heart valves at high risk of stroke, chronic oral anticoagulant therapy  �
with a vitamin K antagonist is recommended in a dose adjusted to achieve the target intensity 
international normalized ratio (INR) of 2.0 to 3.0, unless contraindicated. Factors associated with 
highest risk for stroke in patients with AF are prior thromboembolism (stroke, transient ischemic attack 
[TIA], or systemic embolism) and rheumatic mitral stenosis. (Level of Evidence: A) 

Anticoagulation with a vitamin K antagonist is recommended for patients with more than 1 moderate  �
risk factor. Such factors include age 75 y or greater, hypertension, HF, impaired LV systolic function 
(ejection fraction 35% or less or fractional shortening less than 25%), and diabetes mellitus. (Level  
of Evidence: A) 

INR should be determined at least weekly during initiation of therapy and monthly when anticoagulation  �
is stable. (Level of Evidence: A) 

Aspirin, 81–325 mg daily, is recommended as an alternative to vitamin K antagonists in low-risk  �
patients or in those with contraindications to oral anticoagulation. (Level of Evidence: A) 

For patients with AF who have mechanical heart valves, the target intensity of anticoagulation should  �
be based on the type of prosthesis, maintaining an INR of at least 2.5. (Level of Evidence: B) 

Antithrombotic therapy is recommended for patients with atrial flutter as for those with AF. (Level   �
of Evidence: C) 

Class IIa Recommendations

For primary prevention of thromboembolism in patients with non-valvular AF who have just 1 of the  �
following validated risk factors, antithrombotic therapy with either aspirin or a vitamin K antagonist is 
reasonable, based upon an assessment of the risk of bleeding complications, ability to safely sustain 
adjusted chronic anticoagulation, and patient preferences: age greater than or equal to 75 y (especially 
in female patients), hypertension, HF, impaired LV function, or diabetes mellitus. (Level of Evidence: A) 

For patients with non-valvular AF who have 1 or more of the following less well-validated risk factors,  �
antithrombotic therapy with either aspirin or a vitamin K antagonist is reasonable for prevention of 
thromboembolism: age 65 to 74 y, female gender, or CAD. The choice of agent should be based upon 
the risk of bleeding complications, ability to safely sustain adjusted chronic anticoagulation, and patient 
preferences. (Level of Evidence: B) 

It is reasonable to select antithrombotic therapy using the same criteria irrespective of the pattern (i.e.,  �
paroxysmal, persistent, or permanent) of AF. (Level of Evidence: B) 

In patients with AF who do not have mechanical prosthetic heart valves, it is reasonable to interrupt  �
anticoagulation for up to 1 wk without substituting heparin for surgical or diagnostic procedures that 
carry a risk of bleeding. (Level of Evidence: C) 
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It is reasonable to reevaluate the need for anticoagulation at regular intervals. (Level of Evidence: C)  �

The American College of Chest Physicians (ACCP) similarly recommends anticoagulation with an oral 
vitamin K antagonist for AF patients with more than one risk factor. 31

In patients with AF, including those with paroxysmal AF, who have had a prior ischemic stroke, TIA, or  �
systemic embolism, we recommend long-term anticoagulation with an oral vitamin K antagonist, such 
as warfarin, targeted at an INR of 2.5 (range, 2.0 to 3.0) because of the high risk of future ischemic 
stroke faced by this set of patients (Grade 1A). Timing of the initiation of VKA therapy after an acute 
ischemic stroke involves balancing the risk of hemorrhagic conversion with short-term risk of recurrent 
ischemic stroke and is addressed in the chapter by Albers et al in this supplement. 

In patients with AF, including those with paroxysmal AF, who have two or more of the following risk  �
factors for future ischemic stroke, we recommend long-term anticoagulation with an oral VKA, such as 
warfarin, targeted at an INR of 2.5 (range, 2.0 to 3.0) because of the increased risk of future ischemic 
stroke faced by this set of patients (Grade 1A). Two or more of the following risk factors apply: (1) 
age> 75 years; (2) history of hypertension; (3) diabetes mellitus; and (4) moderately or severely 
impaired left ventricular systolic function and/or heart failure. 

Remark: The above recommendations correspond to a recommendation of oral VKA therapy for  �
individuals with a score > 2 using the CHADS2 classification. For these and all other recommendations 
of long-term therapy in this chapter, long-term means lifelong unless a contraindication emerges. 
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aPPendix C: meThodology 

Identification of Population 
Using Medicare 5% Sample data 2008, we identified the target population for our analysis as individuals 
covered by Part B and not covered by HMO. Our starting population of Medicare beneficiaries was 
1,459,591.

Identification of Atrial Fibrillation Patients 
We identified individuals in the population with AF if they had at least 1 IP, or 1 ER or 2 physician E&M 
claims with ICD9 diagnosis code for AF. The ICD9 diagnosis codes of AF and CPT E&M claims we used 
are below.

AF ICD9: 427.31

Physician E&M codes
99201-99205, 99211-99215, 99217-99220, 99241-99245, 99304-99337, 99341-99345, 99347-
99350, 99381-99387, 99341-99350, 99391-99397, 99401-99404, 99411, 99412, 99420, 99429, 
99455, 99456, 99499

We excluded individuals identified as having transient AF from our population.

Identification of Transient Atrial Fibrillation Patients 
We identified individuals in the population as transient AF patients if they had

one or more valvular heart disease or valve replacement claim in prior 12 months before 1st AF claim �
one or more cardiac surgery claim in prior quarter from 1st AF claim �
one or more pericarditis claim in prior quarter from 1st AF claim �
one or more myocarditis claim in prior quarter from 1st AF claim �
one or more pulmonary embolism claim in prior quarter from 1st AF claim �
one or more hyperthyroidism claim in 12 months before first AF claim �

We used the following codes to identify transient atrial fibrillation.

Valvular heart disease or valve replacement
ICD9 diagnosis codes: V42.2, V43.3, 394.x-397.x, 424.xx, 746.0-746.7

ICD9 procedure codes: 35.0x, 35.1x, 35.2x 

CPT codes: 33400, 33401, 33403–33406, 33410–33417, 33420, 33422, 33425–33430, 33460, 
33464, 33465, 33468, 33470–33472, 33474–33476, 33478, 

Cardiac surgery
ICD9 Procedure codes 00.5x, 35.xx, 36.xx, 37.xx,

Pericarditis 
ICD9 Diagnosis codes: 391.x, 393, 420.x, 423.2, 036.41, 074.21, 093.81, 098.83

Myocarditis 
ICD9 Diagnosis codes: 391.2, 422.xx, 074.23, 398.0, 429.0, 032.82, 036.43, 093.82, 130.3

Pulmonary embolism 
ICD9 Diagnosis code: 415.1x

Hyperthyroidism
ICD9 Diagnosis Code: 242.x
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Identification of Institutionalized Individuals
We identified individuals in the population as institutionalized if they had at least one claim with CPT code 
below or Place of Service code below.

CPT-4 codes 99324-99328, 99334-99337, 99339-99340 (Domiciliary, Rest Home, or Custodial  
Care Services)

Place of Service 32 (Nursing Facility), or 33 (Custodial Care Facility).

on/off oAC Therapy
Because the Medicare 5% sample does not have Part D data, we could not determine how many 
beneficiaries obtained warfarin through Part D benefits; therefore, we used a validated proxy for 
identifying patients on OAC. Patients considered on OAC therapy were identified as having 3 or more 
International Normalized Ratio (INR) tests; the validated proxy was found to have a sensitivity of 89% and 
specificity of 92%.32 INR testing claims were identified having CPT codes below.

99263 INR test review
99364 INR test review
85610 Prothrombin time
85611 Prothrombin time substitution plasma fractions each

Stroke
We identified stroke incidences as inpatient claims having Ischemic or Hemorrhagic stroke ICD9 
Diagnosis code in the primary position of the claim. Ischemic or Hemorrhagic stroke ICD9 Diagnosis 
codes are below.

Ischemic Stroke
433.01 Occlusion and stenosis basilar artery w cerebral infarct
433.11 Occlusion and stenosis carotid artery artery w cerebral infarct
433.21 Occlusion and stenosis vertebral artery w cerebral infarct
433.31 Multiple and bilateral w cerebral infarct 
433.81 Other specified precerebral artery w cerebral infarct
433.91 Unspecified precerebral artery w cerebral infarct
434.01 Cerebral Thrombosis with Cerebral infarction
434.11 Cerebral Embolism with Cerebral Infarction
434.91 Cerebral Artery Occlusion, Unspecified, with cerebral infarction
436.xx Ischemic stroke

Hemorrhagic stroke
430 Subarachnoid hemorrhage
431 Intracerebral Hemorrhage
432.0–432.9 Other & Unspecified Intracranial Hemorrhage

Bleeds
We identified major bleed incidences as inpatient or ER claims coded with a bleed ICD9 Diagnosis code 
in any position of the claim. Minor bleeds were identified as physician office visit claims with a bleed 
ICD9 Diagnosis code in any position of the claim:

246.3 Hemorrhage and infarction of thyroid
286.5 Hemorrhagic disorder due to intrinsic circulating anticoagulants
362.81 Retinal hemorrhage
363.61 Chorodial hemorrhage and rupture
363.62 Expulsive chorodial hemorrhage
379.23 Vitreous hemorrhage
388.69 Otorrhagia
448.9 Other and unspecified capillary diseases - hemorrhage, hyperpermeability, thrombosis
456 Esophageal varices with bleeding
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456.2 Esophageal varices in diseases classified elsewhere
459.0 Hemorrhage, unspecified
523.8 Other specified periodontal diseases
528.9 Mouth bleed
530.82 Esophageal hemorrhage ( excluding varices)
531 Gastric ulcer-acute with hemorrhage
531.2 Gastric ulcer -acute with hemorrhage and perforation
531.4 Gastric ulcer-chronic or unspecified with hemorrhage
531.6 Gastric ulcer-chronic or unspecified and perforation
532 Duodenal ulcer-acute with hemorrhage
532.2 Duodenal ulcer-acute with hemorrhage and perforation
532.4 Duodenal ulcer-chronic or unspecified with hemorrhage
532.6 Duodenal ulcer-chronic or unspecified with hemorrhage and perforation
533 Peptic ulcer-acute with hemorrhage
533.2 Peptic ulcer-acute with hemorrhage and perforation
533.4 Peptic ulcer-chronic or unspecified with hemorrhage
533.6 Peptic ulcer-chronic or unspecified with hemorrhage and perforation
534 Gastrojejunal ulcer-acute with hemorrhage
534.2 Gastrojejunal ulcer-acute with hemorrhage and perforation
534.4 Gastrojejunal ulcer-chronic or unspecified with hemorrhage
534.6 Gastrojejunal ulcer-chronic or unspecified with hemorrhage and perforation
537.83 Angiodysplasia of stomach and duodenum with hemorrhage
562.03 Diverticulitis of small intestine with hemorrhage
562.13 Diverticulitis of colon with hemorrhage
568.81 Hemoperitonetum-nontraumatic
569.3 Hemorrhage of rectum and anus
569.83 Perforation of intestine
578.xx Gastrointestinal hemorrhage
596.8 Other specified disorders of bladder -includes hemorrhage, hypertrophy
599.7 Hematuria
626.6 Metrorrhagia-bleeding unrelated to menstrual cycle
627.1 Postmenopausal menorrhagia-excessive bleeding associated with onset of menopause
719.1x Hemarthrosis -varied sites
727.89 Bursa bleed
784.8 Hemorrhage from throat
784.7 Epistaxis
786.3 Hemoptysis
958.2 Secondary or recurrent hemorrhage
998.1x Hemorrhage or hematoma or seroma complicating a procedure

Thromboembolic Events
We identified Thromboembolic events as inpatient claims having venous or arterial events ICD9 code in 
the primary position of the claim. Venous or arterial events ICD9 Diagnosis codes:

Venous events
415.1x Pulmonary embolism and infarction
451.1x–451.9x Phlebitis and thrombophlebitis
453.x Other venous embolism and thrombosis

Arterial events
444.x Arterial embolism and thrombosis
410.xx Acute myocardial infarction
362.30–362.34 Retinal vascular occlusion
593.81 Vascular disorders of kidney
411.1 Intermediate coronary syndrome
411.81 coronary occlusion without MI
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CHAdS2 Scores
We developed CHADS2 scores (risk for stroke) for each AF patient. CHADS2 scores were the sum of 
the points defined below.

Chad iTem PoinTs

CongesTive hearT failure 1

hyPerTension (sysToliC >160 mmhg) 1

diabeTes 1

age greaTer Than 75 1

Prior sTroke or Tia 2

For identification of prior stroke (ischemic and hemorrhagic) or TIA, we looked back 12 months using 
Medicare 5% Sample data 2007.

HEMoRR2HAGES Scores
We developed HEMORR2HAGES risk scores (risk for bleeds) for each AF patient. HEMORR2HAGES 
risk scores were the sum of the points defined below.

hemorrhage iTem PoinTs

hePaTiC or renal disease 1

eThanol abuse 1

malignanCy 1

older Than 75 years of age 1

reduCed PlaTeleT CounT or funCTion 1

hisTory of sTroke 2

hyPerTension 1

exCessive fall risk 1

anemia 1

Hierarchical Condition Category (HCC) Scores
HCCs are used by the Medicare program to risk adjust the premiums it pays to Medicare Advantage 
Plans (MA) under Medicare Part C and Prescription Drug Plans (PDPs) under Medicare Part D. The 
HCC system captures information about an individual’s diagnoses, institutional status, and demographic 
characteristics, and converts that information into a risk score. A higher risk score for an individual 
indicates the medical or drug costs for that individual are expected to be higher. We note that, due to the 
complexity of the system, the average score for the entire Medicare population in any year may not be 
exactly 1.00.

The HCC methodology assigns a condition category to individuals based on a diagnosis appearing 
in only one claim (excluding lab, radiology and some other claims). We note that our identification of 
patients with NVAF is somewhat more rigorous in that we required that the diagnosis appear in two 
or more office visits, 1 inpatient claim or 1 ER claim. Therefore, our analysis does not necessarily 
correspond to the premium adjustment Medicare would make to MAs or PDPs.

Identification of death and Readmission Rates
The readmission rates and death rates are those observed in 2008 for patients having a stroke in 2008. 
The death rate underestimates the annual mortality rate because they are the observed number of 
deaths within the year among patients with NVAF who had a stroke. The readmission rates measure the 
probability of a readmission in the stroke population, within 60 days of an admission.
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