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Background: Guidelines recommend evaluation of cardiac function, valvular and ischemic heart disease, and
thyroid, kidney, and liver function on initial diagnosis of atrial fibrillation (AF).
Hypothesis: We hypothesized that initial workup of patients with newly identified AF would vary by age, sex,
and burden of comorbid illness.
Methods: In a retrospective analysis of a large sample of commercially insured patients 18 to 64 years old (n =
40 245) and a nationally representative 5% cohort of Medicare beneficiaries 65 years or older (n = 204 676),
we measured claims for guideline-recommended services for initial evaluation of AF among patients with a
new diagnosis between 2000 and 2008.
Results: From 30 days before through 90 days after AF diagnosis, basic evaluation, including physician visit,
electrocardiogram, and echocardiography, was completed in up to 66.6% of patients. Completion rates for
all guideline-recommended evaluations were 17.4% in the commercially insured sample and 18.5% in the
Medicare cohort in 2007. Evaluation rates increased over time. Blood tests assessing thyroid function were
documented for approximately one-third of patients in each cohort. Increasing the observation period to 1 year
before through 3 months after the AF diagnosis markedly increased completion rates, but rates of thyroid
function testing remained low (50%–60%). There were minor differences in evaluation completeness by sex,
race, and geographic region.
Conclusions: Differences in guideline-recommended evaluation rates by demographic characteristics after a
new diagnosis of AF were of minor clinical importance. Basic evaluation had satisfactory completion rates;
however, rates of laboratory testing were low.
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Introduction
Numerous potentially modifiable conditions increase the
risk of atrial fibrillation (AF).1–4 On first diagnosis of
AF, assessment of the presence and severity of these
conditions is part of the recommended initial evaluation.
Professional guidelines recommend that the initial evalua-
tion include physical examination and history, electrocar-
diogram, transthoracic echocardiogram, and blood tests
for thyroid, renal, and liver function.5–7 Depending on
the clinical context, additional guideline-recommended pro-
cedures include the 6-minute walk test, exercise stress
test, Holter monitoring, transesophageal echocardiogra-
phy, and chest x-ray.5–7 We measured completion rates
of guideline-recommended evaluations among patients with
a first diagnosis of AF in a large sample of commercially
insured young and middle-aged patients and a nationally
representative cohort of elderly Medicare beneficiaries. We
also assessed differences in completion rates by patient
demographic characteristics and comorbid conditions and
over time.

Methods
MarketScan, a repository of commercial healthcare claims
data from more than 100 large employers, health plans, and
government agencies, provides detailed information about
healthcare delivered to commercially insured individuals in
the United States.8 The Commercial Claims and Encounters
database includes data for more than 13 million active
employees, early retirees, and their dependents insured
by employer-sponsored plans (ie, persons not eligible for
Medicare). The MarketScan repository is an established
resource for claims-based analyses and has been previously
used for AF research.9,10 Claims for inpatient and outpatient
services are linked to person-level enrollment information.
Each claim contains Current Procedural Terminology
codes that describe the nature of the billed services
and accompanying International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis
codes, as well as fields for date and place of service. In
this analysis, we used data from 2002 through 2007 for
beneficiaries aged 18 to 64 years.

We also obtained data for a nationally representative 5%
cohort of Medicare beneficiaries from 1998 through 2008
from the Centers for Medicare and Medicaid Services.
The inpatient files contain institutional claims for facility
costs covered under Medicare Part A, and the outpatient
files contain claims from institutional outpatient providers
(eg, hospital outpatient departments, ambulatory surgery
centers). The carrier files contain noninstitutional provider
claims for services covered under Medicare Part B. The
denominator files contain beneficiary demographic data
and information about program eligibility and enrollment.
We restricted the Medicare cohort to fee-for-service
beneficiaries 65 years or older living in the United States.

We identified patients for whom a diagnosis of AF (ICD-
9-CM code 427.31) or atrial flutter (427.32) was reported on
a single inpatient claim or at least 2 outpatient claims on
different days within 365 days. To avoid including patients
with prevalent AF that occurred before inclusion in the
study, we required at least 2 years of continuous enrollment

in either database before adjudicating a new AF diagnosis.
We defined the index date as the earlier of (1) the discharge
date of the earliest inpatient diagnosis or (2) the service
date of the first of the 2 outpatient diagnoses. We included
patients with index dates between 2004 and 2007 in the
MarketScan sample and between 2000 and 2008 in the
Medicare cohort. We used data from previous years to
establish the index diagnosis and comorbid conditions at
baseline. To avoid counting AF diagnoses made in the
context of terminal events, we required patients to be
enrolled continuously for at least 90 days after the index
date.

Medicare beneficiaries report race at the time of
enrollment. We used the reported categories ‘‘black’’ and
‘‘white’’ and combined all others as ‘‘other.’’ We derived
rural classification groups from rural-urban commuting area
codes based on zip code of residence.11,12 We grouped
patients into 9 US Census regions by state codes. Race and
zip code were not available for patients in the MarketScan
database.

Statistical Analysis

We described the cohorts in index years 2004 and 2007 with
descriptive statistics. We presented categorical variables as
frequencies with percentages and continuous variables as
means with standard deviations. We tested for differences
by index year using χ2 tests for categorical variables and
Kruskal-Wallis tests for continuous variables. We identi-
fied comorbid conditions using previously validated coding
algorithms13,14 and searched all claims in the 365-day period
preceding the index date for evidence of cancer, cerebrovas-
cular disease, chronic obstructive pulmonary disease, heart
failure, dementia, diabetes mellitus, hypertension, ischemic
heart disease, peripheral vascular disease, and renal disease
(Supporting Appendix 1).

We used Current Procedural Terminology and revenue
center codes to identify receipt of guideline-based evalu-
ations for newly diagnosed AF.6 We searched all claims
for evidence of guideline-based evaluations (ie, physi-
cian evaluation and management visit, electrocardiogram,
echocardiogram, and blood tests for thyroid function, renal
function, and liver function) and elective evaluations (ie,
6-minute walk test, exercise stress test, Holter monitoring,
transesophageal echocardiography, and chest x-ray [see
Supporting Appendix 2]). For each patient we examined
claims between 30 days before and 90 days after the index
date. For each data source we calculated the age- and sex-
adjusted proportions of patients who underwent evaluation
in each index year using a direct standardization method.15

We used the full cohort in each data set as the standard
population for these adjustments. We used Cochran-Mantel-
Haenszel tests of nonzero correlation to test for temporal
trends in receipt of guideline-based evaluations between
2004 and 2007 in the MarketScan sample and between
2000 and 2008 in the Medicare cohort. We calculated sex-
adjusted proportions by age, age-adjusted proportions by
sex, and age- and sex-adjusted proportions by race. In addi-
tion, we calculated age- and sex-adjusted proportions by
rural classification, geographic region, and comorbid condi-
tions. We used χ2 tests to compare differences in evaluation
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proportions by subgroup. In a first sensitivity analysis, we
searched for evidence of initial evaluation between 90 days
before and 90 days after the index date and repeated the
analysis. In a second sensitivity analysis, we extended the
observation period to cover 365 days before to 90 days after
the index date.

We used a significance level of 0.005 for all hypotheses
to correct for multiple comparisons. We used SAS software
version 9.2 (SAS Institute Inc., Cary, NC) for all analyses.
The institutional review board of the Duke University Health
System approved the study.

Results
Table 1 shows the baseline characteristics of the study
population, including 40245 commercially insured patients
in the MarketScan sample and 204676 patients in the
Medicare cohort. Comorbid conditions were generally
more prevalent in the Medicare cohort. In both groups,
approximately half of the patients were diagnosed with AF
as inpatients.

Table 2 and Figure 1 show completion rates of guideline-
recommended and other evaluations (see Supporting
Appendix 3 for additional details by age group). A basic eval-
uation consisting of a physician visit, electrocardiogram, and
echocardiogram was completed in 58.3% of patients in 2004
and in 66.6% in 2007 in the MarketScan sample. The corre-
sponding rates in the Medicare cohort were 59.5% in 2004
and 63.7% in 2007. Completion of all guideline-recommended
evaluations increased from 12.4% to 17.4% in MarketScan and
from 14.2% to 18.5% in Medicare. Almost all patients were
seen by a physician, and 9 out of 10 underwent an electro-
cardiogram. In 2007, approximately two-thirds of patients
had a transthoracic echocardiogram. Completion rates for
additional evaluations also increased over time; however,
completion rates for these items were more heterogeneous
between patients with different comorbid conditions.

Completeness of evaluation was generally consistent
across age groups, except among Medicare beneficiaries
older than 90 years, for whom completion rates were
lower. Several guideline-recommended evaluations were
distributed differently between men and women (Table 3
and Figure 1). However, absolute differences were small and
of limited clinical relevance. The percentage of completed
guideline-recommended evaluations was higher among
women in both the MarketScan sample and in the Medicare
cohort. We observed similar differences for the additional
evaluations.

Figure 2 shows differences by race in the Medicare
cohort. Race was not available for the MarketScan sample.
In general, blood tests were conducted less frequently
among black patients than among white patients. Blood
tests for thyroid function were performed in 22.0% of black
patients, compared with 30.5% of white patients (P < 0.001).
Geographic differences by census region and rural vs urban
location of residence were minor (data not shown).

To study variations depending on the presence of comor-
bid conditions, we examined differences between patients
with and without heart failure (Table 4). Although almost
all patients had a physician visit and an electrocardiogram,
more patients with heart failure had an echocardiogram

between 30 days before and 90 days after the AF diagnosis
(62.8% vs 73.9% in MarketScan, 58.7% vs 66.6% in Medi-
care). Compared to patients without heart failure, fewer
patients with heart failure underwent blood tests for thyroid
function, but more underwent blood tests for renal function.
Fewer patients with heart failure underwent exercise testing
and Holter monitoring, but more patients with heart failure
underwent transesophageal echocardiography. Differences
in evaluation rates by the presence of other comorbid condi-
tions, such as ischemic heart disease, diabetes mellitus, and
chronic obstructive pulmonary disease were similar but less
pronounced than those we observed in heart failure (data
not shown).

In sensitivity analyses, we increased the period for
evaluation to 90 days before through 90 days after the index
AF diagnosis, then to 1 year before through 90 days after
the diagnosis. In the former, we observed a small increase in
the completion rate for guideline-recommended evaluations
(0.2 to 9.0 absolute percentage points). Subgroup differences
were similar to those in the unstratified sample. In 2007,
completion of recommended evaluations increased to 22.1%
in MarketScan and 22.8% in Medicare. However, completion
rates changed markedly when we extended to a 1-year
observation period before the AF diagnosis. In 2007, the
basic evaluation was completed in more than 75% of
both MarketScan and Medicare patients. All guideline-
recommended evaluations were performed in 33.9% of
patients in the MarketScan sample and in 43.1% of Medicare
beneficiaries. Tests of renal and hepatic function had >90%
completion rates. In contrast, thyroid function tests were
performed in 49.9% of the MarketScan sample and 60.0% of
the Medicare cohort.

Discussion
In a large sample of 40245 commercially insured patients
derived from MarketScan and a nationally representative
cohort of 204676 Medicare beneficiaries, the completion
rate for the basic evaluation of AF was >66%. However, the
rate for all guideline-recommended items was relatively
low. Even when we extended the timeframe to 1 year
before through 90 days after the diagnosis, 40% of Medicare
beneficiaries and 50% of MarketScan patients did not
undergo thyroid function testing.

Although differences in completion rates between demo-
graphic subgroups were statistically significant, the absolute
differences generally were of little or no clinical relevance.
This lack of variation contrasts with reports that women
with cardiovascular conditions tend to be diagnosed later,
undergo incomplete evaluations, and receive suboptimal
treatment.16,17 Similarly, black patients with heart failure and
AF are 30% less likely than other patients to be discharged
from the hospital with warfarin.18 Racial variations have been
observed in numerous studies, including studies of patterns
of care for prostate cancer,19,20 kidney transplant,21 and dia-
betes mellitus.22 Geographic variation in access to and use
of healthcare resources also has been widely reported.23–26

We also found little difference in initial testing rates
with respect to age. Only completion rates in the oldest
age group were markedly lower (9.5%). One explanation is
that AF in the oldest patients may occur as a complication
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Table 1. Baseline Characteristics of the Study Population

Characteristic MarketScan Sample Medicare 5% Cohort

2004 (n = 9734) 2007 (n = 8000) P Value 2004 (n = 25 087) 2007 (n = 22 689) P Value

Age, mean ± SD,y 55.4 ± 7.9 55.1 ± 8.2 0.007 78.6 ± 7.2 78.9 ± 7.3 <0.001

Age, median (interquartile range), y 57.0 (52.0–61.0) 57.0 (51.0–61.0) 0.04 78.0 (73.0–84.0) 79.0 (73.0–84.0) <0.001

Age group, no. (%), y 0.004 <0.001

18–44 924 (9.5) 834 (10.4) — —

45–54 2382 (24.5) 2070 (25.9) — —

55–64 6428 (66.0) 5096 (63.7) — —

65–69 — — 2887 (11.5) 2572 (11.3)

70–74 — — 5257 (21.0) 4576 (20.2)

75–79 — — 6086 (24.3) 5183 (22.8)

80–84 — — 5457 (21.8) 4879 (21.5)

85–89 — — 3480 (13.9) 3576 (15.8)

≥90 — — 1920 (7.7) 1903 (8.4)

Male, no. (%) 6205 (63.7) 5110 (63.9) 0.86 11 290 (45.0) 10 273 (45.3) 0.55

Race, no. (%) <0.001

Black — — 1503 (6.0) 1196 (5.3)

White — — 22 903 (91.3) 20 765 (91.5)

Other — — 681 (2.7) 728 (3.2)

Inpatient diagnosis of atrial fibrillation, no. (%) 4747 (48.8) 4125 (51.6) <0.001 13 827 (55.1) 12 198 (53.8) 0.003

Comorbid conditions, no. (%)

Cancer 807 (8.3) 733 (9.2) 0.04 4616 (18.4) 4247 (18.7) 0.37

Cerebrovascular disease 996 (10.2) 870 (10.9) 0.17 7442 (29.7) 7140 (31.5) <0.001

Chronic obstructive pulmonary disease 1788 (18.4) 1522 (19.0) 0.26 9330 (37.2) 8640 (38.1) 0.05

Congestive heart failure 1918 (19.7) 1550 (19.4) 0.58 10 547 (42.0) 9201 (40.6) 0.001

Dementia 23 (0.2) 11 (0.1) 0.13 2026 (8.1) 1821 (8.0) 0.84

Diabetes mellitus 2219 (22.8) 1926 (24.1) 0.05 7978 (31.8) 7850 (34.6) <0.001

Hypertension 4802 (49.3) 4162 (52.0) <0.001 20 796 (82.9) 19 569 (86.2) <0.001

Ischemic heart disease 3250 (33.4) 2496 (31.2) 0.002 13 931 (55.5) 12 281 (54.1) 0.002

Peripheral vascular disease 760 (7.8) 619 (7.7) 0.86 6741 (26.9) 6758 (29.8) <0.001

Renal disease 476 (4.9) 480 (6.0) 0.001 2631 (10.5) 3847 (17.0) <0.001

Rural/urban classification, no. (%) 0.001

Urban — — 18249 (72.7) 16 618 (73.2)

Large rural — — 3383 (13.5) 2817 (12.4)

Small or isolated small rural — — 3455 (13.8) 3254 (14.3)

US geographic region, no. (%) <0.001 <0.001

Northeast

New England 183 (1.9) 304 (3.8) 1311 (5.2) 1362 (6.0)

Middle Atlantic 527 (5.4) 494 (6.2) 3538 (14.1) 3457 (15.2)
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Table 1. Continued

Characteristic MarketScan Sample Medicare 5% Cohort

2004 (n = 9734) 2007 (n = 8000) P Value 2004 (n = 25 087) 2007 (n = 22 689) P Value

South

South Atlantic 2441 (25.1) 2126 (26.6) 5909 (23.6) 4661 (20.5)

East South Central 1074 (11.0) 822 (10.3) 1769 (7.1) 1586 (7.0)

West South Central 701 (7.2) 538 (6.7) 2626 (10.5) 2413 (10.6)

Midwest

East North Central 2671 (27.4) 1691 (21.1) 4590 (18.3) 4038 (17.8)

West North Central 494 (5.1) 511 (6.4) 1807 (7.2) 1710 (7.5)

West

Mountain 477 (4.9) 358 (4.5) 1207 (4.8) 1119 (4.9)

Pacific 1166 (12.0) 1156 (14.5) 2330 (9.3) 2343 (10.3)

Abbreviation : SD, standard deviation.

of other advanced comorbid conditions. Physicians may
also be hesitant to burden older patients with numerous
diagnostic tests.

Another important finding is the completeness of
guideline-recommended evaluation. Almost all patients
were seen by a physician, and 90% had a claim for an
electrocardiogram. Approximately two-thirds of patients had

an echocardiogram, and a similar proportion received all 3
basic evaluation items together. These high rates contrast
with the relatively low rates for all guideline-recommended
evaluation items. Although evaluation rates increased over
time, in 2007 <20% of patients received the complete
guideline-recommended evaluation. Low evaluation rates
were due mainly to limited completion rates for laboratory

Table 2. Age- and Sex-Adjusted Rates of Initial Evaluation of Newly Diagnosed Atrial Fibrillation by Data Source and Index Yeara

Evaluations MarketScan Sample Medicare 5% Cohort

2004
(n = 9734)

2007
(n = 8000) P Value

2004
(n = 25 087)

2007
(n = 22 689) P Value

Guideline-recommended evaluations, no. (%)

Physician evaluation and management visit (history
and physical)

9566 (98.3) 7921 (99.0) <0.001 24 939 (99.4) 22 559 (99.4) 0.01

Any electrocardiogram 8280 (85.1) 7158 (89.5) <0.001 22 319 (89.0) 20 575 (90.7) 0.005

Echocardiogram 5973 (61.4) 5512 (68.9) <0.001 15 204 (60.6) 14 726 (64.9) <0.001

Blood test of thyroid function 2623 (26.9) 2536 (31.7) <0.001 7700 (30.7) 7754 (34.2) <0.001

Blood test of renal function 4563 (46.9) 4434 (55.4) <0.001 18 157 (72.4) 17 284 (76.2) <0.001

Blood test of hepatic function 3367 (34.6) 3348 (41.8) <0.001 12 246 (48.8) 12 785 (56.4) <0.001

Completion of all guideline-recommended evaluations
for atrial fibrillation

1208 (12.4) 1388 (17.4) <0.001 3561 (14.2) 4191 (18.5) <0.001

Additional evaluations, no. (%)

6-minute walk test 15 (0.2) 23 (0.3) 0.06 72 (0.3) 128 (0.6) <0.001

Exercise stress test 2721 (28.0) 2388 (29.9) 0.001 5299 (21.1) 4827 (21.3) <0.001

Holter monitoring 1282 (13.2) 1180 (14.8) 0.002 3535 (14.1) 3482 (15.3) 0.04

Transesophageal echocardiography 881 (9.0) 919 (11.5) <0.001 1699 (6.8) 1943 (8.6) <0.001

Chest x-ray 6258 (64.3) 5526 (69.1) <0.001 18 562 (74.0) 16 906 (74.5) <0.001

aPercentages are standardized to the age and sex distributions of the pooled cohorts of patients with atrial fibrillation in each data source.
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MarketScan Sample (Age 18-64 y) Medicare Cohort (Age ≥ 65 y)
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Figure 1. Completion of Guideline-Recommended Initial Evaluations of Newly Diagnosed Atrial Fibrillation Left-hand panels show data for commercially
insured patients in the MarketScan sample; right-hand panels show data for patients in the Medicare cohort.

testing, particularly evaluation of thyroid function, which
was reported for only one-third of patients. Adherence rates
also rose over time between 2004 and 2007. The reasons for
this rise remain unclear. Although both the 2001 and 2006
guidelines for the management of AF recommend similar
evaluation items,5,6 the 2006 guidelines may have reached a
broader audience. In addition, it is possible that physicians
have generally become more aware of guideline-based care
over time.

We also observed low completion rates among patients
with comorbid conditions like heart failure. Although
some procedures, such as echocardiogram and tests
of renal function, were performed more frequently in
patients with heart failure, overall completion of guideline-
recommended AF evaluation in patients with heart failure
was lower than in patients without heart failure. In
sensitivity analyses, an extended observation period of
90 days before to 90 days after the index AF event
would have increased observed evaluation rates to some
degree. Completion of additional evaluation varied by
comorbid condition. For example, patients with heart
failure more often received chest x-rays. These patients
also had more transesophageal echocardiograms, possibly
to rule out blood clots in the left atrial appendage
before planned external electrical cardioversion, a treatment

option considered more frequently for patients with heart
failure.6

Many diseases that may contribute to the development of
a first AF episode are treatable, if not reversible, and can
be identified by laboratory testing.6 For example, abnormal
thyroid-stimulating hormone or thyrotropin values are com-
mon among patients with new-onset AF,27,28 and persons
with high-normal thyroid function are at considerably ele-
vated risk for AF at the community level.29,30 Laboratory
testing of thyroid function is cost-effective even in popula-
tions without disease.31 Thus, thyroid disorders might be an
important underlying differential diagnosis when evaluating
new AF, and improvement in routine evaluation of thyroid
function would likely be beneficial. Along this line, the
results of the sensitivity analyses are interesting. Including
results of up to 1 year before through 90 days after the diag-
nosis revealed that 40% or more of individuals with newly
diagnosed AF may not have undergone thyroid testing.
Given that hyperthyroidism, particularly in older patients,
may be difficult to diagnose without lab testing, and is treat-
able, our results suggest potential opportunities for clinical
improvement.

Although guideline-recommended evaluation of new AF
is relatively straightforward, completion rates within a short
timeframe were low. With the exception of thyroid function
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Table 3. Age-Adjusted Rates of Initial Evaluation of Newly Diagnosed Atrial Fibrillation by Data Source and Sexa

Evaluation MarketScan Sampleb Medicare 5% Cohortc

Men
(n = 25 826)

Women
(n = 14 419) P Value

Men
(n = 92 006)

Women
(n = 112 670) P Value

Guideline-recommended evaluations, no. (%)

Physician evaluation and management visit (history
and physical)

25 450 (98.5) 14 233 (98.7) 0.18 91 397 (99.3) 112 201 (99.6) <0.001

Any electrocardiogram 22 644 (87.7) 12 401 (86.0) <0.001 83 690 (91.0) 101 509 (90.1) <0.001

Echocardiogram 16 992 (65.8) 9140 (63.4) <0.001 56 916 (61.9) 70 208 (62.3) 0.04

Blood test of thyroid function 7218 (27.9) 4731 (32.8) <0.001 24 058 (26.1) 37 716 (33.5) <0.001

Blood test of renal function 13 225 (51.2) 7440 (51.6) 0.45 65 457 (71.1) 80 185 (71.2) 0.90

Blood test of hepatic function 9989 (38.7) 5578 (38.7) 0.99 44 192 (48.0) 53 615 (47.6) 0.04

Completion of all guideline-recommended evaluations
for atrial fibrillation

3808 (14.7) 2258 (15.7) 0.01 11 791 (12.8) 17 253 (15.3) <0.001

Additional evaluations, no. (%)

6-minute walk test 44 (0.2) 45 (0.3) 0.004 390 (0.4) 375 (0.3) <0.001

Exercise stress test 7972 (30.9) 3779 (26.2) <0.001 20 852 (22.7) 21 746 (19.3) <0.001

Holter monitoring 3301 (12.8) 2109 (14.6) <0.001 13 995 (15.2) 16 936 (15.0) 0.26

Transesophageal echocardiography 2885 (11.2) 1195 (8.3) <0.001 7857 (8.5) 6653 (5.9) <0.001

Chest x-ray 17 138 (66.4) 9563 (66.3) 0.94 69 610 (75.7) 85 567 (75.9) 0.13

aPercentages are standardized to the age distributions of the pooled cohorts of patients with atrial fibrillation in each data source. bData aggregated from
2004 through 2007. cData aggregated from 2000 through 2008.

Figure 2. Completion of Guideline-Recommended Initial Evaluation of
Newly Diagnosed Atrial Fibrillation by Race in the Medicare 5% Cohort
Bars represent the percentage of completed guideline-recommended
evaluation items by race for patients in the Medicare cohort.
Abbreviations: ECG, electrocardiogram; TTE, transthoracic
echocardiogram.

testing, evaluation rates were higher when the timeframe
was greater. At first glance, evaluation performance could
be considered a lack of adherence to guideline recom-
mendations. Cabana et al32 found that nonadherence has
multiple reasons, which include awareness of guidelines

and familiarity and agreement with them. Physicians’ active
refusal to adhere to guidelines rarely explains nonadherence
(16%).33,34

Recommendations for initial evaluation of AF reflect
the guideline authors’ consensus recommendations. Not
uncommon in clinical practice guidelines, these recommen-
dations are not classified according to levels of evidence.35

The current scientific basis for some of the recommended
components of evaluation is relatively weak. For example,
professional guidelines for the management of AF recom-
mend a blood test for liver function but provide no evidence
to support the recommendation. A single study reported
that elevated liver-associated enzymes are a common but
rarely pathologic finding in patients with newly diagnosed
AF.36 Several medications commonly prescribed for AF are
metabolized by the liver or carry a potential for liver toxi-
city. Impaired liver function is considered a risk factor for
bleeding complications in patients with AF who are required
to use anticoagulants.37,38 It is unknown whether elevated
liver function test results are a risk factor for AF.

Completion rates increased when we extended the obser-
vation period to the prior year, suggesting that clinicians
may rely on less recent diagnostic information. Guidelines
recommend specific evaluation items but do not com-
ment on the appropriate timeframe.6 In an era of concern
about healthcare costs, clinicians may believe it is accept-
able to use clinical data from 1 year prior, particularly in
the absence of intercurrent events. No data are currently
available to adjudicate whether this strategy is clinically
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Table 4. Age- and Sex-Adjusted Rates of Initial Evaluation of Newly Diagnosed Atrial Fibrillation by Data Source and Prior Heart Failure Diagnosisa

Evaluations MarketScan Sampleb Medicare 5% Cohortc

No Heart Failure
(n = 32 379)

Heart Failure
(n = 7866) P Value

No Heart Failure
(n = 118 368)

Heart Failure
(n = 86 308) P Value

Guideline-recommended evaluations, no. (%)

Physician evaluation and management visit (history
and physical)

31874 (98.4) 7808 (99.3) <0.001 117589 (99.3) 85995 (99.6) <0.001

Any electrocardiogram 27975 (86.4) 7076 (90.0) <0.001 105315 (89.0) 79845 (92.5) <0.001

Echocardiogram 20322 (62.8) 5817 (73.9) <0.001 69493 (58.7) 57489 (66.6) <0.001

Blood test of thyroid function 10066 (31.1) 1884 (24.0) <0.001 38544 (32.6) 22800 (26.4) <0.001

Blood test of renal function 16304 (50.4) 4391 (55.8) <0.001 80768 (68.2) 64709 (75.0) <0.001

Blood test of hepatic function 12441 (38.4) 3166 (40.3) 0.003 56081 (47.4) 41473 (48.1) 0.003

Completion of all guideline-recommended
evaluations for atrial fibrillation

4943 (15.3) 1143 (14.5) 0.10 17326 (14.6) 11479 (13.3) <0.001

Additional evaluations, no. (%)

6-minute walk test 58 (0.2) 33 (0.4) <0.001 334 (0.3) 431 (0.5) <0.001

Exercise stress test 9941 (30.7) 1815 (23.1) <0.001 26991 (22.8) 15413 (17.9) <0.001

Holter monitoring 4647 (14.4) 763 (9.7) <0.001 19789 (16.7) 10917 (12.6) <0.001

Transesophageal echocardiography 2582 (8.0) 1520 (19.3) <0.001 6590 (5.6) 8181 (9.5) <0.001

Chest x-ray 20172 (62.3) 6512 (82.8) <0.001 81429 (68.8) 73888 (85.6) <0.001

aPercentages are standardized to the age and sex distributions of the pooled atrial fibrillation populations in each data source. bData aggregated from
2004 through 2007. cData aggregated from 2000 through 2008.

appropriate. It will merit further study to establish respective
standards.

Our study has some limitations. First, the low completion
rates for laboratory tests may be related to study design.
Laboratory tests are sometimes included in blanket claims
for diagnostic procedures, laboratory panels, or diagnosis-
related groups for hospitalized patients, making it difficult to
isolate individual components.39,40 Therefore, we may have
underestimated completion rates for some blood tests in
this claims-based analysis. Also, we may have missed other
procedures: approximately 10% of patients with newly diag-
nosed AF did not have a separate claim for an electrocardio-
gram. Potential reasons include that the provider did not sub
mit a claim, or the diagnosis occurred during imaging, trans-
port, or telemetry. However, it is possible that some patients
had an antecedent AF episode that was not captured. Second,
claims data do not allow assessment of individual clinical
decisions. Although we found relatively low evaluation rates,
individual decisions may have been clinically justifiable.
Third, a highly relevant question is whether completion of
initial evaluation leads to improved outcomes in patients
with AF. Claims data do not include sufficient clinical data
to support such an analysis. Fourth, although we required
2 years of continuous enrollment prior to adjudicating a
new AF diagnosis, it is possible that some patients devel-
oped AF more than 2 years earlier, without further claims
in our blanking period. Also, some of these patients may
already have undergone a complete evaluation. In addition,
we only examined AF after it was clinically diagnosed; we

acknowledge AF may be clinically asymptomatic or unrec-
ognized before being diagnosed. Fifth, information about
race was available in the Medicare cohort only, which lim-
ited our ability to examine potential racial variations. Finally,
the findings may not be generalizable to Medicare beneficia-
ries in managed care and patients younger than 65 years not
covered by commercial carriers represented in MarketScan.

Conclusion
We found minor demographic differences in the complete-
ness of initial evaluation of AF. Two-thirds of patients
received a basic evaluation. Completion of all guideline-
recommended evaluations was low during a circumscribed
observation period, and increased when we considered a
longer period for capturing evaluation items. Laboratory
testing for thyroid function was particularly low and may
be the area where most improvement can be achieved.
Together, these findings suggest uncertainty about current
guidelines regarding evidence-based justifications of recom-
mendations and the timeframe for performance of evaluation
items.
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