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Purpose. Acute healthcare utilization of stroke and bleeding has been previously examined among patients with nonvalvular atrial
fibrillation (NVAF). The long-term cost of such outcomes over several years is not well understood. Methods. Using 1999-2009
Medicare medical and enrollment data, we identified incident NVAF patients without history of stroke or bleeding. Patients
were followed from the first occurrence of ischemic stroke, major bleeding, or intracranial hemorrhage (ICH) resulting in
hospitalization. Those with events were matched with 1-5 NVAF patients without events. Total incremental costs of events were
calculated as the difference between costs for patients with events and matched controls for up to 3 years. Results. Among the
25,465 patients who experienced events, 94.5% were successfully matched. In the first year after event, average incremental costs
were $32,900 for ischemic stroke, $23,414 for major bleeding, and $47,640 for ICH. At 3 years after these events, costs remained
elevated by $3,156-$5,400 per annum. Conclusion. While the costs of stroke and bleeding among patients with NVAF are most
dramatic in the first year, utilization remained elevated at 3 years. Cost consequences extend beyond the initial year after these
events and should be accounted for when assessing the cost-effectiveness of treatment regimens for stroke prevention.

1. Introduction dosing and close monitoring are imperative to attain the
correct level of anticoagulation to balance the risk of stroke
without introducing a disproportionate risk of bleeding
[5-7].

Costs to manage AF in the USA are estimated at $6.65
billion, including $4.88 billion in hospitalization expenses

Atrial fibrillation (AF) affects more than 3 million Americans
and is characterized by an irregularly irregular heart rhythm,
often with a rapid heart rate that may result in blood clots,
shortness of breath, and overall weakness [1]. Primarily a

disease of the elderly, the prevalence of AF doubles with each
decade of life after the age of 60 years and occurs in about
10% of the population by 80 years [2, 3]. AF is associated
with a five-fold increase in the risk of ischemic stroke and
accounts for 15%-20% of all strokes [3]. Anticoagulation
therapy with warfarin is recommended for patients with AF
who are at moderate to high risk of stroke based on clinical
guidelines [4], but it has been well documented that proper

and $1.53 billion in outpatient management costs (in 2005
US$) [8]. Accounting for some fraction of these costs are
expenses related to occurrence of stroke and hemorrhagic
events. While numerous studies have estimated direct and
indirect costs of stroke and bleeding outcomes among AF
patients in the first year following the event [9-11], long-
term US cost estimates have generally relied on modeling
techniques extrapolating available data covering a shorter
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period of time. Lifetime and other long-term cost modeling
estimates would be expected to be more accurate if based on
data covering a period of time extended beyond 1 year [12].
Furthermore, direct estimates of stroke and bleeding costs
over several years could show whether costs for patients with
these events remain elevated or eventually return to baseline
levels, that is, the expected cost to treat AF without stroke or
major bleeding.

The objective of the current study was to quantify
the direct long-term costs, up to 3 years, of both stroke
and bleeding events among patients with non-valvular AF
(NVAF), which comprises approximately 90% of the overall
AF population [13]. To separate the costs attributable to
these events from the general costs of healthcare associated
with NVAF, we conducted a retrospective cohort study of
Medicare beneficiaries newly diagnosed with NVAF who later
developed stroke or hemorrhagic events and were matched
with NVAF patients who did not experience these outcomes
based on demographic and NVAF disease characteristics.

2. Methods

2.1. Data Source. The study was conducted using 1999-
2009 data from the Centers for Medicare & Medicaid
Services (CMS) 5% sample standard analytical files (SAF)—
limited data set (LDS). In contrast to commercial claims
data sources, Medicare has a large number of patients over
the age of 65 years, when incidence and prevalence of
AF begin to increase dramatically. The analysis used fee-
for-service (FFS), nondisabled Medicare patients who were
not eligible for Medicaid. The files contain final action
claims with all adjustments resolved for a 5% sample of
all Medicare beneficiaries in each calendar year, including
inpatient, outpatient, emergency room (ER), skilled nurs-
ing facility (SNF), hospice, home health agency, durable
medical equipment (DME), and carrier (formerly Part B
physician/supplier) claims. As this study was a retrospective
analysis of existing, deidentified claims data, an institutional
review board evaluation was not applicable and therefore,
not conducted.

2.2. Patient Identification. Patients with AF were identified
by atleast 1 inpatient claim or 2 outpatient claims in the same
calendar quarter with International Statistical Classification
of Diseases and Related Health Problems, 9th Edition (ICD-
9) code 427.31. Included patients were required to have
a baseline period of 1 year (4 quarters) of continuous
enrollment prior to the quarter of AF diagnosis. Patients with
evidence of valvular conditions during the baseline period or
quarter of AF diagnosis (codes in Table 1) were excluded.
Because the stage of NVAF disease progression has an
impact on medical utilization (e.g., newly diagnosed patients
tend to have higher costs than prevalent patients), the study
was limited to patients with incident NVAF, defined as no
AF claims during the baseline period, to allow patients to
be matched on duration of NVAE Similarly, strokes and/or
bleeding events prior to AF diagnosis could lead to elevated
baseline costs and would bias the estimate of long-term event
costs after diagnosis. Thus, patients with prevalent AF (any
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claim with ICD-9 diagnosis code 427.31 during the baseline
period) and patients with a principal inpatient claim with a
code for stroke [14, 15] or bleeding [16, 17] events (Table 1)
in the baseline period (1 year prior to AF diagnosis) or
quarter of AF diagnosis were excluded.

2.3. Matching. All incident NVAF patients without a history
of ischemic stroke or major bleeding event were then
followed for first ischemic stroke or major bleeding event
using validated ICD-9 codes (Table 1) [14—17]. Patients with
events were matched with NVAF patients without events
on age group at NVAF diagnosis, gender, race, geographic
region, year of NVAF diagnosis, duration of enrollment, and
warfarin use. The data did not include prescription claims;
therefore, warfarin therapy was inferred for patients with at
least 3 prothrombin tests (ICD-9 codes V58.61, CPT codes
85610, 85611, 99363, and 99364) during a 1-year period
after NVAF diagnosis. This methodology has been validated
previously in the Medicare data with 89% sensitivity and
92% specificity [6].

Each patient with an event was matched to up to 5
control patients via the greedy matching algorithm [18, 19].
Allowing more than 1 control to be matched to each patient
with an event has been shown to improve statistical efficiency
[20, 21]. While efficiency gains are limited beyond 3 or 4
matches, the low cost of obtaining additional matches in
claims data permitted us to extend the maximal number of
matches to 5. The number of matches were allowed to differ
for each patient with an event, since varying numbers of
controls have been shown to reduce bias [18]. Any patients
not matched (either unmatchable patients with events or
remaining controls) were excluded from the analysis.

2.4. Followup. Although the primary objective was to esti-
mate costs up to 3 years following events, we did not limit the
study population to those with 3 years of followup because
doing so would have biased the population toward healthier
patients. As such, no minimum duration of enrollment
following the initial event was required. The quarter of the
stroke or bleeding event was considered the start of followup
for the patient with the event and for all controls matched to
that patient.

The risk of stroke and bleeding events is somewhat
intertwined (e.g., prior stroke is a stated risk factor for major
bleeding), and it is possible that patients with an initial stroke
(or bleed) may later experience a major bleed (or stroke). To
keep the costs of these events distinct, if a patient experienced
a bleeding event after stroke or a stroke after a major bleed,
we ended followup for this patient in the quarter prior to
the alternate event. A new followup period began with the
quarter of the alternate event, and utilization measures were
calculated separately for patients with both events. Thus,
patients (and their matched controls) were categorized by
the type(s) of events they experienced during followup as (1)
patients with stroke events only or whose first event was a
stroke, (2) patients with bleeding events only or whose first
event was a major bleed, or (3) patients with both stroke
and major bleeding events. To illustrate, a patient who first
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TABLE 1: Study codes.

Condition ICD-9 codes CPT codes
Patient identification
Atrial fibrillation 427.31

Procedure codes:
Valvular conditions
35.20-35.28, 35.96

Outcomes

35.0, 35.00-35.04, 35.1, 35.10-35.14, 35.2,

33400, 33401, 33403, 33405, 33406, 33410-33415,
33417, 33420, 33422, 33425-33427, 33430, 33460,
33463-33465, 33468, 33470, 33472, 33474-33476,
33478, 33496, 33600, 33602

Ischemic stroke
Major bleeding

Intracranial hemorrhage

Other major bleeds

CHA,DS;-VASc components

Cardiac failure
Hypertension!
Diabetes mellitus’
Prior TIA?

433.x1, 434.x1, 436, 437.1, 437.9

430,431, 432

423.0, 455.2, 455.5, 455.8, 456.0, 456.2, 459.0,
530.7, 530.8, 531.0, 531.2, 531.4, 531.6, 532.0,
532.2,532.4, 532.6, 533.0, 533.2, 533.4, 533.6,
534.0, 534.2, 534.4, 534.6, 562.0, 562.1, 569.3,
569.85, 578, 599.7, 626.2, 626.6, 719.1, 784.7,
786.3, 852, 853

398.91, 402.x1, 404.x3, 425, 428
362.11, 401, 402, 403, 404, 405
250, 357.2, 362.0, 366.41
362.34, 435

410,411, 412, 413, 414, 440, 441, 442, 443, 444,

445
Procedure codes:
00.66, 36.0, 36.1, 39.25

Vascular disease

HAS-BLED components

Hypertension! 362.11, 401, 402, 403, 404, 405

33510-33545, 34051, 34151, 34201, 34203,
34800-34834, 34900, 35081-35103, 35131, 35132,
35141, 35142, 35151, 35152, 35331, 35341, 35351,
35355, 35361, 35363, 35371, 35372, 35381, 35450,
35452, 35454, 35456, 35459, 35470, 35471, 35472,
35473, 35474, 35480, 35481, 35482, 35483, 35485,
35490, 35491, 35492, 35493, 35495, 35521, 35531,
35533, 35541, 35546, 35546, 35548, 35549, 35551,
35556, 35558, 35563, 35565, 35566, 35571, 35583,
35585, 35587, 35621, 35623, 35646, 35647, 35651,
35654, 35656, 35661, 35663, 35665, 35666, 35671,
92980, 92981, 92982, 92984

Abnormal renal function
Abnormal liver function
Prior TIA?

Excessive alcohol use

582, 583, 585, 586

570, 571, 572, 573, 790.4

362.34, 435

291.0, 291.1, 291.2, 303, 305.0, 535.3, V11.3

Note: With the exception of valvular conditions, ICD-9 codes reported as 3 digits will include all 4-digit and 5-digit codes beginning with the same 3 digits.
For 4-digit codes, any 5-digit code beginning with the same 4 digits will also be included. ICD-9 codes reported are diagnosis codes unless otherwise indicated.
IPatient must have at least 2 diagnoses documented in the same calendar quarter to be considered as having the condition.

2Risk score definition includes prior stroke, but with the exclusion of patients with prior stroke, only prior TIA is applicable in this study.

experienced a stroke and then later had a major bleeding
event was categorized both in the ischemic stroke group
(to allow followup before the latter event to contribute to
the estimation of stroke utilization) as well as in the group
for patients with both events for the remainder of follow-
up beginning with the subsequent bleeding event. Under
this definition, some patients were double-counted across
groups, although each quarter of followup was assigned to
only one event group (stroke, major bleeding, or both).

Patients who had an initial stroke and a major bleeding
event in the same quarter (and their matched controls)
contributed only to the group of patients with both events.
Because patients with strokes or bleeds in the baseline period
were excluded, recent history of these events had no impact
on cost estimates. Recurrent strokes (a new stroke event
following the initial stroke) or bleeds (a new bleeding event
following the initial bleed) are an important contributor to
long-term event costs and were included during followup.



Thus, followup began with the initial event of inter-
est and ended with the first occurrence of (1) Medicare
disenrollment (including patients changing from FFS to
capitation, dropping Part B coverage, becoming eligible for
state Medicaid services, becoming disabled, or dying), (2)
for patients with stroke events, a subsequent bleeding event
or for patients with bleeding events, a subsequent stroke
event, or (3) 3 years after initial stroke or bleeding event.
For patients with both stroke and bleeding events, the second
followup will begin in the quarter of the latter event and
end with either disenrollment or 3 years after the start of the
second follow-up period, whichever occurs first.

2.5. Patient Characteristics. Basic demographic information
including age, gender, race, and geographic region were
assessed at the time of AF diagnosis. We also reported risk
factors for both stroke and bleeding events. Risk factors were
assessed during the baseline period and in the quarter of AF
diagnosis. Stroke risk was quantified using the CHA,DS,-
VASc score [22]. Bleeding risk was assessed using the HAS-
BLED score, which had the best predictive value of several
hemorrhage risk scores [23-27] in a recent assessment [28];
however, time in the therapeutic international normalized
ratio (INR) range and drug use were unavailable in the
data source and thus, were excluded from the HAS-BLED
definition for this study. Definitions of stroke and bleeding
risk factors used to calculate these scores are provided in
Table 1.

2.6. Identification of Events. Stroke and major bleeding
events were identified using principal ICD-9 codes on
inpatient hospitalization claims only. Previously validated
ICD-9 codes for identifying stroke [14, 15] and bleeding [16,
17] outcomes are provided in Table 1. Major bleeding events
were divided into intracranial hemorrhage (ICH) and other
major bleeding event, and results were produced separately
for these hemorrhagic events. Because the Medicare 5%
sample data only have calendar quarter reported on claims,
events were recorded starting in the quarter following NVAF
diagnosis.

2.7. Definition of Outcomes. The primary outcome was the
incremental costs of stroke and bleeding events up to 3
years after the event. Costs were from a Medicare perspective
(limited to Parts A and B paid amounts) and did not include
oral medications or copayments from any supplemental
insurance. Control patients with NVAF but no study events
(stroke or major bleeding) were used to estimate the baseline
cost of treating NVAE. Costs for patients with stroke or
major bleeding events beyond the baseline treatment cost of
NVAF were attributed to the event. Thus, the incremental
costs of stroke and major bleeding were estimated as the
difference in costs between patients with events and their
matched controls, with cost accrual beginning in the quarter
of the event and up to 3 years afterward. For example, if
a patient had a stroke in the third quarter following the
NVAF diagnosis, then we began summing costs for this
patient and any controls matched to this patient in the
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third quarter after the NVAF diagnosis. Incremental costs
were also broken down by costs occurring in inpatient,
outpatient, ER, SNF, hospice, and home healthcare settings,
as well as DME costs to determine aspects of care driving
the potential cost consequences associated with management
and treatment of NVAE. Other utilization measures included
number of inpatient admissions and associated length of stay
and number of outpatient or office visits.

Patients with recurrent stroke, ICH, or other major
bleeding events were also identified, as well as the time from
the initial event until recurrence. Recurrent events were only
identified in the quarter following the initial event since
the dating system in the data source made it impossible
to discern between separate events occurring in the same
quarter.

2.8. Analysis. All variables will be reported descriptively as
means with standard deviations and medians with ranges
for continuous variables and counts with percentages for
categorical measures for patients with and without study
events. Cost measures were adjusted to 2011 US dollars
(USD) using the medical care component of the Consumer
Price Index (CPI) annual inflation measures. Total and
incremental utilization variables after a stroke/bleeding event
were reported for 3 months (quarter of the event), 6
months, 9 months, 12 months, 18 months, 24 months,
and 36 months. Because not all patients had the full 3
years of followup, the patient denominator declined over
time. Comparison of total costs for patients with events and
matched controls were conducted using standard 2-sided ¢-
tests assuming unequal variances and a significance level of
a = 0.05.

Although matching should eliminate the need to adjust
for all variables that were matched in the analysis of cost
differentials, in order to adjust for any potential resid-
ual confounding, total incremental costs of strokes and
bleeding events were adjusted for both matching variables
and individual measures within the CHA,DS,-VASc and
HAS-BLED scores, respectively. Multivariate adjusted costs
were estimated using generalized estimating equation (GEE)
models with a gamma distribution and log link function
[29]. Bootstrapping techniques were employed to estimate
standard errors of adjusted costs once the parameter estimate
was retransformed from the log form. All analyses were
conducted using SAS version 9.2 (SAS Institute, Cary, NC).

3. Results

A total of 445,796 patients with at least 1 inpatient or 2
outpatient claims with diagnosis codes for AF were identified
in the data. After excluding patients without continuous
enrollment in the baseline period (24.3%), disabled and
Medicaid-eligible patients (4.6%), patients with valvular
conditions (1.9%), patients with prevalent AF (9.5%), and
patients with a history of stroke or hemorrhagic conditions
(4.8%), 245,052 patients with NVAF was available for
the study. Of these patients, 8,243 (3.4%) experienced an
ischemic stroke during followup, 1,406 (0.5%) had an ICH,
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and 15,816 (6.5%) had other types of major bleeding events.
A total of 1,291 (0.5%) patients had both an ischemic stroke
and major bleeding event (either ICH or other bleeding
outcome). Matching was successful for 94.5% of all patients
with stroke and major bleeds, with an average of 4 matched
controls for each patient with an event. Among patients
with events who were matched, the average time from NVAF
diagnosis to event was 30 months for all events.

Descriptive statistics of matching characteristics show
that patients with events and controls were balanced on all
measures (Table 2). Average age was similar for patients with
ischemic stroke, ICH, and other major bleeding events at
approximately 80 years. Duration of followup was at least 2
years for 44% of patients, with 29% having data for all 3 years
examined. Although patients were not matched on stroke or
bleeding risk, patients with events and controls had similar
CHA,DS,-VASc and HAS-BLED scores (Table 3).

Patients with both events had an average age of 81.1 years
(81.3 years for matched controls), with 61.8% of patients
female (62.7% controls). Warfarin use was prevalent for
37.5% of patients with both stroke and major bleeding
events. CHA,DS,-VASc score averaged 4.02 points (3.80
for controls), and mean HAS-BLED was 1.37 (1.31 for
controls). Approximately one-third (32.8%) of patients with
both events had data for at least 2 years after the secondary
event, and 19.4% had data at 3 years.

3.1. Ischemic Stroke Cohort. The ischemic stroke cohort
consisted of 7,799 patients with stroke and 33,084 matched
controls without study events. At 1 year poststroke, 62.9%
of patients were still contributing data. By 2 years, 41.2%
remained in the cohort, and at the end of followup 3 years
after the event, 27.1% of patients were available. Among
patients with stroke, 6.7% died, with 52.4% of deaths
occurring in the quarter of the event. A total of 7.0% of stroke
patients later went on to experience major bleeding events
(either ICH or other major bleeds). Average quarterly total
Medicare-reimbursed costs for patients with ischemic stroke
and their matched controls without events are presented in
Figure 1. The mean acute incremental cost of stroke in the
quarter of the event was $20,604, and the average total 1-
year cost was $32,900 more for patients with stroke than
among controls. Total cumulative cost of stroke at 2 years was
$36,515 and at 3 years was $38,712 for patients contributing
data at these time points. In the second year after the event,
total costs were $5,621 higher for stroke patients than for
matched patients without events. Costs remained elevated in
the third year after stroke, with an average incremental cost
of $3,775. After adjusting for stroke risk factors and matching
characteristics, the acute and annual incremental costs of
stroke were slightly higher than in unadjusted analyses
(Table 4). The largest contributors to second-year and third-
year incremental costs associated with stroke were inpatient
costs, SNF costs, and home healthcare costs (Table 5). In
the third year after the event, patients with stroke averaged
5.2 more office visits than those without events. Recurrent
ischemic stroke occurred in 6.7% of stroke patients, with
an average time to recurrence of 12.0 months. The total

incremental costs for patients with recurrent stroke were
approximately $3,000-$4,000 higher as compared to those
without recurrence in each of the first 3 years following the
initial event (Table 5).

3.2. Major Bleeding Cohorts. A total of 1,276 patients with
ICH and 5,097 matched controls were included in the study.
Follow-up data was available for 57.5% of patients at 1 year
after event, 37.3% at 2 years, and 24.0% after 3 years. The
overall mortality rate for this cohort was 11.4%; 78.1% of
deaths occurred in the quarter of the event. Among ICH
patients, 4.7% subsequently had an ischemic stroke. The
acute incremental cost of ICH in the quarter of the event
was $29,877 (Figure 2). Total costs in the first year following
ICH (including the quarter of the event) were $47,640 more
for patients with events than among controls. The total
cumulative cost of ICH after 2 years was $53,074 and at 3
years was $54,158. Second-year post-ICH costs were $7,910,
and by the third year after the event, costs continued to be
$3,156 higher than controls. Adjustment for bleeding risk
factors and matching characteristics resulted in marginally
higher ICH cost estimates in the first 2 years after the event
and a similar value in year 3 as compared to the unadjusted
results (Table 4). Inpatient, outpatient, SNF, and hospice
utilization were the principal cost drivers in year 2 (Table 5).
In the third year after ICH, hospice and outpatient costs were
most elevated as compared to control costs. A total of 3.1%
of patients with this event had a recurrent ICH. Average time
to recurrence was 8.1 months. Total incremental costs for
patients with recurrent ICH were approximately $7,000 more
than for those without recurrence in the first year after the
event, but were not elevated in the second and third years
thereafter (Table 5).

The cohort of patients with major bleeding events other
than ICH had 14,996 patients with events and 60,058
controls. At 1, 2, and 3 years after the event, 69.4%, 46.6%,
and 31.0% of these patients contributed data, respectively.
The rate of mortality for patients with major bleeds was
4.3%, with 36.3% of those deaths taking place in the quarter
of the event. Ischemic stroke followed the bleeding event
in 3.1% of these patients. Patients with major bleeding
events had an average acute incremental cost of $15,699
(Figure 3), with total first-year cost of $23,414 more than
for matched controls. Total cumulative cost 2 years after
major bleeding events averaged $28,064 and after 3 years
was $31,393. The second-year and third-year incremental
costs after major bleeds were $6,936 and $5,400. Similar to
the ischemic stroke and ICH results, after controlling for
bleeding risk factors and matching variables, estimates of the
incremental costs of other major bleeds were comparable
to, if slightly higher than, unadjusted figures (Table 5).
Inpatient and outpatient costs were particularly elevated in
the second and third years after the event (Table 4). In
year 2, patients with major bleeding events had 0.5 more
inpatient admissions and 11.0 additional outpatient visits as
compared with control patients. Number of inpatient and
outpatient visits remained increased by 0.3 admissions and
8.8 visits in the third year after the event. Recurrent major
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Figure 1: Total quarterly cost for Medicare patients with NVAF with and without ischemic stroke. Note: P < 0.0001 for difference in costs
between patients with events and matched controls at all-time points using ¢-test assuming unequal variances and a = 0.05 level.

TaBLE 4: Adjusted total incremental cost of ischemic stroke, intracranial hemorrhage, and other major bleeding events (2011 USD).

Matching characteristics Ischemic stroke!

Adjusted cost (95% CI)

Major bleeding events

Other major bleeds?
Adjusted cost (95% CI)

ICH?
Adjusted cost (95% CI)

Acute and annual costs

Acute (quarter of event) $22,204 ($21,699-$22,808)

Year 1 $34,772 ($33,691-$35,870)
Year 2 $6,186 ($4,964—$7,450)
Year 3 $4,504 ($3,383-$5,617)

$33,887 ($31,692-$36,868)
$49,216 ($45,490-$53,431)
$8,572 ($5,207-$12,206)
$3,150 ($475-$5,764)

$16,437 ($16,056-$16,853)

$25,442 ($24,700-$26,190)
$7,193 ($6,342-$8,038)
$5,852 ($5,010-$6,671)

ICH: intracranial hemorrhage; CI: confidence interval.

Note: multivariate adjusted costs were estimated using generalized estimating equation (GEE) models with a gamma distribution and log link function. Year

1 costs include acute costs incurred during the quarter of the event.

1 Adjusted for age group, gender, race, geographic region, year of NVAF diagnosis, warfarin use, cardiac failure, hypertension, diabetes, prior TIA, and vascular

disease.

2Adjusted for age group, gender, race, geographic region, year of NVAF diagnosis, warfarin use, hypertension, abnormal renal function, abnormal liver

function, and excessive alcohol use.

bleeding events (excluding ICH) were more common than
repeat ischemic stroke or ICH events, occurring in 10.7%
of stroke patients, with an average time to recurrence of
11.7 months. Patients with recurrent major bleeding events
had substantially higher incremental costs in the first 3 years
following the initial event as compared to those without

recurrence, ranging from about $4,000-$7,000 in each year
(Table 5).

3.3. Patients Experiencing Both Ischemic Stroke and Major
Bleeding Events. Of the 1,291 patients (matched with 5,608
controls) who experienced both events, the first event was
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F1Gurk 2: Total quarterly cost for Medicare patients with NVAF with and without ICH. Note: P < 0.01 for difference in costs between patients
with events and matched controls at all-time points using ¢-test assuming unequal variances and a = 0.05 level.

ischemic stroke for 544 (42.1%) patients, ICH for 60 (4.6%)
patients, and other major bleeding for 461 (35.7%) patients.
Initial stroke and major bleeding events occurred in the same
quarter for the remaining 236 (18.3%) of patients. Average
time from stroke to major bleeding event was 12.0 months
for patients with an initial stroke. For patients with ICH
as the first event, mean time to ischemic stroke was 9.8
months, and for patients with other types of major bleeds,
the average time to stroke was 11.7 months. The mortality
rate for patients with both types of events was 8.1%, and
43.3% of deaths occurred in the quarter of the secondary
event. Total costs in the first year following the secondary
event were $37,691 more for patients with events than for
controls. The total cumulative cost of patients with both
events after 2 years was $46.857 and at 3 years was $60,511.
Second-year incremental costs were $10,519, and by the third
year after the event, costs increased up to $13,512 higher
than controls. After adjusting for both stroke and bleeding
risk factors, as well as matching characteristics, estimates
of year 1, 2, and 3 costs for patients with both ischemic
stroke and major bleeding events were $42,271 (95% CI:
$39,542-$45,907), $10,146 (95% CI: $6,696-$14,192), and
$12,722 (95% CI: $9,287-$16,710), respectively. Recurrent
events (either stroke or major bleeds) occurred in 14.2%

of patients after the secondary event, with average time to
recurrence of 10.5 months. Patients with recurrent events
had costs $19,042 higher in the first year and just over $3,000
higher in the second and third years after the latter event as
compared to those without recurrence.

4. Discussion

In this large population of Medicare beneficiaries with NVAF,
the total direct medical costs of patients with incident
ischemic stroke, ICH, and other major bleeding events were
higher than for matched control patients in the first year
following the event. Costs stabilized beyond the initial year
after these events, but never returned to the same level as
for patients with NVAF who never experienced a stroke or
bleeding outcome. Even in the third year after these events,
costs remained elevated by $3,000-$6,000 after adjusting for
event risk factors and matching characteristics. Patients who
experienced both ischemic stroke and major bleeding events
suffered the highest rates of recurrence and had incremental
costs of more than $10,000 in the second and third years
after the secondary event as compared to controls. These
results imply that the cost consequences of ischemic stroke
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FiGure 3: Total Quarterly Cost for Medicare Patients with NVAF with and without Other Major Bleeds. Note: P < 0.0001 for difference in
costs between patients with events and matched controls at all time points using ¢-test assuming unequal variances and & = 0.05 level.

occurring due to untreated NVAF and bleeding associated
with anticoagulation treatment are observable beyond the
first year after the event. This study builds on previous work
estimating event costs in NVAF patients [30] by delineating
between the costs attributable to new stroke and bleeding
event versus expenses due to management of the underlying
NVAF condition.

NVAF baseline costs were similar for all control groups.
Because followup for some patients began shortly after
NVAF diagnosis due to an early stroke or bleeding event,
average costs for the control groups were higher in the
initial quarters of the study due to the greater expense of
establishing a treatment regimen for new NVAF patients
versus managing patients with prevalent disease. Total costs
for managing established NVAF ranged from approximately
$3,000—-$4,000 per quarter, confirming previous estimates of
$10,100-$14,200 per year ($2,525-$3,550 quarterly) in the
USA [11].

In the first year of followup, ICH was the most expensive
of the events examined, followed by ischemic stroke and
then other major bleeding events. Shorter-term costs for
stroke and hemorrhagic events found in this study are largely
consistent with prior work. We found first-year costs for
ischemic stroke to be $34,772, which is within the range
of estimates reported in a systematic review by Miller et
al. ($24,991-$142,251) [12, 31-33]. Acute cost of major

bleeding complications for patients receiving anticoagulation
therapy was estimated to be $15,988 by Fanikos et al. in 2005,
which is closely approximated by our total cost estimate of
$16,437 in the quarter of the major bleed. To our knowledge,
no previous study has reported direct cost estimates for
stroke and bleeding events among NVAF patients beyond the
first year after the event. By the third year after the event,
patients with major bleeding events other than ICH had
mean adjusted costs $5,852 higher than matched controls,
as compared to $4,504 for ischemic stroke and $3,150 for
ICH. This difference in long-term costs may be related to
the rate of recurrence, as nearly as 11% of patients with
major bleeds had a recurrent event versus 7% of ischemic
stroke patients and only 3% of ICH patients. Patients with
recurrent events tended to be more costly than those without
recurrence, particularly those with repeat non-ICH major
bleeding events. The reported differences in incremental
costs among patients with and without recurrence confirms
that repeat events are important cost drivers, although they
do not fully explain the elevation in costs found over 3 years
for patients with stroke and major bleeding as compared to
those who never experienced these events, as the costs for
patients with only one event were still more than $2,000—
$4,000 greater than for patients without events.

Although analyses conducted using a claims database
have several advantages, including large sample sizes and
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the ability to examine real-world treatment patterns, some
limitations were present. For one, we were restricted to the
data that were available in the source (i.e., missing data,
limited variables, etc.). Some uncertainty exists regarding
the exact timing of events because only the quarter in
which the claim occurred (rather than the exact date) was
available in the data. For instance, if a stroke event occurred
at the end of a quarter, costs may appear to be lower
than had it happened in the beginning of the quarter.
Because the primary objective of this study was to examine
long-term costs, the impact of such temporal issues is
expected to be small. In addition, data on use of medications
such as nonsteroidal anti-inflammatory drugs or antiplatelet
therapies were of interest, however, this information was not
available in the data source. We were able to approximate the
use of anticoagulants using previously validated algorithms
examining INR tests, but the laboratory value of these tests
was unknown, and therefore, we had no way to assess how
adequately these patients are being treated via measures
such as time in the target therapeutic INR range. Similarly,
INR tests administered in anticoagulation clinics or using
point-of-care systems during office visits were not available,
allowing for potential misclassification of warfarin exposure.
It is also possible that some patients may have become
disabled or eligible for Medicaid as the result of a stroke
or major bleeding event. Since we were unable to fully
capture costs for patients for whom Medicare was not the
primary payer, followup was ended for such patients once
they qualified for these services. These patients may have
been sicker than patients who did not become disabled or
Medicaid eligible, so cost estimates from this study may have
underestimated the true cost of stroke and major bleeding
events in patients with NVAE.

The study methods aimed to compare patients with and
without events at a similar stage in NVAF disease progression
by matching on age and time of initial diagnosis, but it
is possible that some patients were initially diagnosed at a
more advanced stage of disease or that some patients’ disease
progressed more quickly than that of others. We found that
patients with events and matched controls had similar stroke
and bleeding risk as estimated by CHA,DS,-VASc and HAS-
BLED scores, respectively, despite not having been matched
on these measures. This provides some evidence that the
health status of the comparator groups was similar at the
time of NVAF diagnosis. Given the long timeframe of the
study and advanced age of NVAF patients, as well as their
poor health status and the severity of the health outcomes
being examined, we expected a substantial amount of loss-
to-followup prior to the end of the 3-year timeframe of
interest. Having at least 2 years of postevent followup for
44% and complete data for 29% of the study population
is therefore, a strength of the study. However, the patients
remaining after 3 years of followup may not be representative
of the general NVAF cohort. We attempted to account for
this by not requiring a minimum duration of followup after
events and also including all patients with data available at
each time point, not just patients with the complete data
for all 3 years. Furthermore, because nondisabled patients
eligible for Medicare are almost exclusively over the age of
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65 years, data on younger NVAF patients were unavailable in
this study.

In spite of stated limitations, the results of this study
offer a unique insight into costs of stroke and hemorrhagic
outcomes among NVAF for up to several years following
the events. While the acute costs of events associated with
NVAF and anticoagulation treatment were most dramatic
in the first year, the total healthcare costs for patients with
events that were alive and contributing data for up to 3 years
remained elevated as compared to patients with NVAF who
did not have these events. Thus, a proper cost-effectiveness
assessment that takes into account the true long-term costs of
stroke and major bleeding events is required when weighing
the risks (bleeding) and benefits (stroke prevention) of
anticoagulation in patients with NVAF.
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