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Background-—Utilization of cardiac services varies across regions and hospitals, yet little is known regarding variation in the
intensity of outpatient cardiac care across cardiology physician practices or the association with clinical endpoints, an area of
potential importance to promote efficient care.

Methods and Results-—We included 7 160 732 Medicare beneficiaries who received services from 5635 cardiology practices in
2012. Beneficiaries were assigned to practices providing the plurality of office visits, and practices were ranked and assigned to
quartiles using the ratio of observed to predicted annual payments per beneficiary for common cardiac services (outpatient
intensity index). The median (interquartile range) outpatient intensity index was 1.00 (0.81–1.24). Mean payments for beneficiaries
attributed to practices in the highest (Q4) and lowest (Q1) quartile of outpatient intensity were: all cardiac payments (Q4 $1272 vs
Q1 $581; ratio, 2.2); cardiac catheterization (Q4 $215 vs Q1 $64; ratio, 3.4); myocardial perfusion imaging (Q4 $253 vs Q1 $83;
ratio, 3.0); and electrophysiology device procedures (Q4 $353 vs Q1 $142; ratio, 2.5). The adjusted odds ratios (95% CI) for 1
incremental quartile of outpatient intensity for each outcome was: cardiac surgical/procedural hospitalization (1.09 [1.09, 1.10]);
cardiac medical hospitalization (1.00 [0.99, 1.00]); noncardiac hospitalization (0.99 [0.99, 0.99]); and death at 1 year (1.00 [0.99,
1.00]).

Conclusion-—Substantial variation in the intensity of outpatient care exists at the cardiology practice level, and higher intensity is
not associated with reduced mortality or hospitalizations. Outpatient cardiac care is a potentially important target for efforts to
improve efficiency in the Medicare population. ( J Am Heart Assoc. 2016;5:e002594 doi: 10.1161/JAHA.115.002594)
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V ariation in use of services for Medicare beneficiaries has
been documented extensively and has been suggested

as a useful step toward identifying opportunities to reduce
program costs.1 Experts have recommended focusing on
variation at the organizational or provider level to promote
high-value care.2 Increasingly, physicians are the focus
of efforts to improve the value of care, with physician
practices as a commonly targeted organizational unit for
pay-for-performance and alternative payment models.3–6

Cardiology accounts for one of the highest shares of specialty

physician spending7 and many services commonly performed
or ordered by cardiologists have been identified by profes-
sional societies as contributing to overuse.8 Though variation
in the delivery of cardiac services has been demonstrated at
the regional and hospital level for diagnostic tests and
procedures,9–11 little is known of how the delivery of services
vary in the outpatient setting among cardiologists or cardi-
ology physician group practices, or whether a higher intensity
of care is associated with better outcomes. An absence of an
association of higher intensity with better outcomes would
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provide clinicians with evidence to limit procedures of
uncertain clinical benefit and provide support for efforts to
promote efficient use of resources.

Several studies have demonstrated substantial variation in
the medical management of specific conditions across
cardiology practices.12–14 To date, no study has measured
the extent of variation in the delivery of common cardiac
services across cardiology practices in the outpatient setting,
specific services contributing to variation, or the association
between intensity and outcomes. This information is of
particular importance given that recent legislation ending the
Sustainable Growth Rate as a mechanism for restraining
Medicare costs requires the government and professional
organizations to develop measures of resource use, particu-
larly for specialty care, to be used for physician performance
assessment and alternative payment models.15 The aim of
this study is to quantify variation in the intensity of outpatient
cardiac services delivered to a population of Medicare
beneficiaries attributed to a cardiology practice and determine
the association between practice intensity and outcomes. To
determine practice intensity, we used a similar approach used
in primary care accountable care models so that cardiology
practices are equally compared based on the total outpatient
cardiac services delivered to a risk-adjusted population of
beneficiaries for whom they provide the plurality of cardiac
evaluation and management care. Because most procedures
performed in the outpatient setting are intended to diagnose,
evaluate, or treat conditions that may lead to death or
hospitalization, we determined the association between the
intensity of outpatient care and all-cause mortality rates, as
well as hospitalizations for cardiac conditions. To further
characterize procedure-specific contribution to variation in
practice intensity, we measured average payments for
individual procedure categories. Finally, to evaluate for
possible patient population differences explaining practice
variation, we conducted several secondary analyses of
practices and the patient populations they served, as well
as a falsification endpoint analysis using noncardiac
hospitalizations.

Methods

Data Sources and Participants
We used the 100% Medicare fee-for-service Beneficiary
Summary, carrier, hospital outpatient, and inpatient claims
data in 2012 and the Beneficiary Summary file in 2013.
Beneficiaries were eligible for inclusion if they had any
outpatient evaluation and management (E&M) visits (proce-
dure codes 99201-5 and 99211-5) to a cardiologist (specialty
code “06”) during the year. Beneficiaries were excluded if they
had missing demographic data (0.3%), less than a full year of

part B eligibility or were enrolled in Medicare Advantage
during the year (7.5%), or attributed to practices with fewer
than 100 beneficiaries (0.8%). Demographic variables were
extracted from the Beneficiary Summary file, and chronic
condition variables were extracted from the Chronic Condi-
tions Warehouse categories.16

Outcomes
The primary outcome for each practice was the mean cardiac
payment for beneficiaries attributed to the practice. All
payment data reflect amounts paid by Medicare and were
price standardized, which equalizes payments for a service in
different regions of the country.17

Beneficiaries were first attributed to the physician practice
that had the plurality of payments for outpatient E&M visits
with a cardiologist in that year. This attribution methodology
is an adaptation of those used in accountable care organiza-
tion programs.6 Cardiology practices were defined by the tax
identification number listed on the claim, a standard method
for identifying physician group practices using administrative
claims data.5,6

Each beneficiary’s annual cardiac payments consisted of
the outpatient E&M services billed by the assigned practice and
payments for 146 cardiac procedure codes if they were
delivered in the outpatient setting, including those delivered by
another practice. These procedure codes include the majority
of services billed by cardiologists and were grouped into 7
categories: cardiac catheterization (catheterization); electro-
cardiogram (EKG); echocardiogram (echo); implantable car-
dioverter defibrillator (ICD) or pacemaker (EP device); other
electrophysiology procedures (other EP procedure); myocardial
perfusion imaging (MPI); and stress test for further analysis
(codes in Table S1). To adjust for outliers, annual cardiac
payments were Winsorized at the 1st and 99th percentiles for
all values in the sample, meaning values beyond those
extremes were recorded as the respective percentile value.

To calculate the association between outpatient practice
intensity and inpatient use we included claims for admissions
to acute care hospitals. We grouped claims into cardiac if the
medical severity diagnosis-related code (MS-DRG) belonged
to major diagnostic category 5 and separately analyzed
surgical/procedural and medical MS-DRGs (Table S2). Surgi-
cal/procedural MS-DRGs include admissions for interven-
tional and electrophysiological procedures. We included
noncardiac admissions as a falsification endpoint to assess
potential confounding because of unmeasured severity of
illness or other factors that may affect utilization of
services.18 Mortality was determined based upon a validated
date of death in the Beneficiary Summary file through 2013.
We excluded 146 beneficiaries from this analysis who neither
died nor were present in the 2013 file.
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Statistical Analysis
We divided practices into quartiles based on the ratio of
observed to predicted mean cardiac payments. To determine
predicted payments, we fit a generalized linear regression
model with a log link and gamma distribution with adjustment
for clustering at the practice level. The chronic condition
variables were selected through clinical review of 21 condition
variables in the data set. We included demographic variables
and Medicaid eligibility. Predicted values were calculated for
each beneficiary using the coefficients from this model. For
each practice, we calculated the ((mean observed payments)/
(mean predicted payments)). We divided each practice’s
observed to predicted ratio by the ratio for the median practice
in the sample to calculate the outpatient intensity index so that
the median practice in the sample would have an index of 1.

To further understand procedure-specific contribution to
variation, we calculated mean payments for each procedure
category for all beneficiaries in each quartile, as well as the
percentage of beneficiaries with any use of each procedure
and mean payments per user.

We conducted several analyses to assess whether char-
acteristics of practices and attributed beneficiaries varied
across quartiles, which may have not been accounted for in
our risk-adjustment model and could affect the interpretation
of our results. We calculated the mean and median number of
beneficiaries and unique providers billing for a Medicare
service at the practice, including general cardiologists,
electrophysiologists, and noncardiologists, identified by spe-
cialty code. We also identified the subset of interventional
cardiologists as cardiologists who had at least 5 claims for
procedure code 92980, the most common billing code for an
intracoronary stent placement. We present the distribution of
beneficiaries by region and the distribution of primary
diagnosis codes for cardiology E&M visits.

To assess for potential differences in patient case mix
attributed to regional differences in the propensity for visiting
a cardiologist, we calculated the overall proportion of
beneficiaries in a hospital referral region visiting a cardiologist
(referral rate) and the ratio of observed to predicted
proportion (referral index) using a logistic regression model
with the same covariates as the above model.

To determine the association between outpatient practice
intensity and outcomes, we fit logistic models for each of the
outcome variables, including practice quartile as an independent
covariate. We determined odds ratios (ORs) for each quartile
compared to quartile 1, as well as the ORs associated with each
incremental quartile. We used a model with only the practice
quartile as an independent predictor and a risk-adjusted model,
which included the covariates used above, as well as additional
chronic conditions for the mortality analysis. We performed
sensitivity analyses including hierarchical condition category

score, a Medicare comorbidity index used for risk adjustment in
many programs, and the referral index calculated above.

We considered a 2-sided P<0.05 as statistically significant.
Chi-square tests were used for categorical variables and 1-

Table 1. Practice Characteristics Across Quartiles of Practice
Intensity

Quartile of
Spending
(Outpatient
Intensity
Index,
Q1=Lowest)

Q1
(<0.81)

Q2
(0.81–1.00)

Q3
(1.00–1.24)

Q4
(>1.24) Total

No. of practices 1409 1409 1409 1408 5635

Attributed beneficiaries

Mean* 795 1661 1738 889 1271

Median 353 669 680 467 511

Providers

General cardiologists

Mean* 3.4 6.2 6.1 3.0 4.4

Median 1 2 2 1 1

Electrophysiologists

Mean* 0.2 0.4 0.4 0.1 0.3

Median 0 0 0 0 0

Interventional cardiologists

Mean* 0.8 2.0 2.2 1.3 1.6

Median 0 1 1 1 1

Noncardiologists

Mean* 33.5 56.3 60.3 22.6 43.2

Median 0 1 1 0 0

*P<0.001 for heterogeneity across quartiles, 1-way ANOVA.

Table 2. Deciles of Mean Cardiac Payments and Outpatient
Indices

Practice Mean
Cardiac Payment

Outpatient
Intensity Index

Mean (SD) $795 ($323) 1.06 (0.40)

Decile

10th $471 0.66

20th $562 0.77

30th $630 0.85

40th $687 0.93

50th $744 1.00

60th $810 1.09

70th $882 1.18

80th $976 1.30

90th $1153 1.51
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Table 3. Characteristics of Beneficiaries Attributed to Practices by Quartile of Practice Intensity*

Quartile of Spending (Outpatient
Intensity Index, Q1=Lowest) Q1 (<0.81) Q2 (0.81–1.00) Q3 (1.00–1.24) Q4 (>1.24) Total

Beneficiaries 1 120 423 2 339 812 2 449 313 1 251 184 7 160 732

Age (mean), y 75.8 75.3 75.0 74.2 75.1

≤65 (%) 9.3 9.7 10.2 12.5 9.3

66 to 70 (%) 18.7 19.6 20.2 20.8 18.7

71 to 75 (%) 19.9 20.7 21.2 21.3 19.9

76 to 80 (%) 19.0 19.2 19.2 18.7 19.0

81 to 85 (%) 17.2 16.5 15.9 14.7 17.2

>85 (%) 15.9 14.3 13.3 12.0 15.9

Male (%) 48.7 49.8 50.0 48.5 49.5

Race (%)

White 82.4 85.3 85.6 81.3 84.3

Black 7.4 7.3 6.9 9.3 7.5

Asian 2.6 1.8 2.0 2.3 2.1

Hispanic 6.5 4.7 4.5 6.0 5.1

Dual eligibility (%) 13.1 11.4 10.9 14.5 12.0

Comorbidities (% prevalence or current year where specified)

Atrial fibrillation 31.4 32.6 32.3 30.4 31.9

MI (current year) 2.0 2.1 2.2 2.3 2.1

Congestive heart failure 46.3 46.3 46.1 48.5 46.6

Chronic kidney disease 31.9 33.2 33.7 34.4 33.4

COPD 33.1 34.3 34.6 37.1 34.7

Depression 30.9 32.2 32.5 34.0 32.4

Diabetes 47.9 45.8 45.1 47.6 46.2

Coronary artery disease 79.7 81.5 82.0 84.2 81.9

Stroke (current year) 5.9 6.2 6.2 6.6 6.2

Alzheimer’s disease 5.0 4.7 4.6 4.9 4.8

Breast cancer 5.7 5.5 5.3 5.1 5.4

Colon cancer 3.7 3.5 3.3 3.3 3.4

Lung cancer 1.9 1.9 1.8 1.8 1.8

HCC 1.44 1.45 1.45 1.51 1.46

Census tract region (%)

Midwest 15.0 24.7 20.3 19.0 20.8

Northeast 45.0 23.7 13.4 10.2 21.3

South 23.2 35.8 47.3 47.4 40.1

West 14.9 15.5 18.0 23.4 17.8

Urban 94.9 92.1 91.1 88.6 91.6

Mean regional referral rate 24.7 24.4 24.4 24.6 24.5

Mean referral index† 1.04 1.03 1.02 1.03 1.03

COPD indicates chronic obstructive pulmonary disease; HCC, hierarchical condition score; MI, myocardial infarction.
*P<0.001 for heterogeneity across quartiles using chi-square test for proportions and 1-way ANOVA for continuous variables.
†

Referral index=observed/predicted regional rate of referral to cardiologists calculated by hospital referral regions.
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way ANOVA for continuous variables. The Wald chi-square
tests were used to determine statistical significance for ORs.

Given the large sample size, our interpretation focuses on
the clinical significance of findings. All analyses were
conducted using SAS Enterprise Guide (Version 5.1; SAS
Institute Inc., Cary, NC). The analysis was conducted by
Centers for Medicare and Medicaid Services employees in
accord with institutional policies governing research activities.

Results

Practice Characteristics
We included 5635 practices and 7 160 129 beneficiaries.
Table 1 provides practice-level statistics. The median

(interquartile range) practice mean payment, SE, and outpa-
tient intensity index were $744 ($603–$928), $51 ($35–$74),
and 1.00 (0.81–1.24), respectively (Table 2 lists means
and deciles). The practices had a mean and median of 1271
and 511 patients, 4.4 and 1 general cardiologist, 0.3 and 0
electrophysiologists, 1.6 and 1 interventional cardiologists,
and 43.2 and 0 noncardiologists, respectively. Practices in the
middle 2 quartiles (Q2 and Q3) of outpatient intensity were
larger than the lowest and highest quartiles (Q1 and Q4) for
all measures, though they were highly skewed in size with
both single and multispecialty practices in all quartiles. On
average, Q4 practices had a higher average of interventional
cardiologists compared to Q1 (1.3 vs 0.8). A substantial
proportion of practices in both quartiles had no interventional
cardiologists (68% in Q1 and 39% in Q4).

Table 4. Parameter Estimates for Generalized Linear Model for Predicting Cardiac Payments*

Parameter Full Cohort Sample Estimate SE Payment Ratio P Value

Intercept 6.15 0.01 <0.0001

Atrial fibrillation 31.9% 31.8% 0.22 0.01 1.25 <0.0001

Myocardial infarction (current year only) 2.1% 2.1% 0.12 0.02 1.13 <0.0001

Congestive heart failure 46.6% 46.5% 0.23 0.01 1.26 <0.0001

Chronic kidney disease 33.4% 33.5% 0.03 0.01 1.03 <0.0001

Chronic obstructive pulmonary disease 34.7% 34.7% 0.04 0.01 1.04 <0.0001

Depression 32.4% 32.4% 0.04 0.01 1.05 <0.0001

Diabetes 46.2% 46.2% 0.03 0.01 1.03 <0.0001

Coronary artery disease 81.9% 82.0% 0.31 0.01 1.37 <0.0001

Stroke (current year only) 6.2% 6.3% 0.05 0.01 1.05 <0.0001

Medicaid enrollment 12.0% 12.1% �0.01 0.01 0.99 0.1381

White (reference) 84.3% 84.2%

Black 7.5% 7.6% 0.01 0.01 1.01 0.5158

Other 0.7% 0.7% �0.04 0.03 0.96 0.1661

Asian 2.1% 2.1% �0.01 0.02 0.99 0.7663

Hispanic 5.1% 5.1% �0.02 0.01 0.98 0.0515

North American Native 0.3% 0.3% �0.01 0.05 0.99 0.9199

Female (reference) 50.5% 50.6%

Male 49.5% 49.4% 0.04 0.00 1.04 <0.0001

≤65 y 10.3% 10.3% 0.16 0.01 1.18 <0.0001

66 to 70 y 19.9% 19.9% 0.11 0.01 1.11 <0.0001

71 to 75 y 20.9% 20.9% 0.05 0.01 1.05 <0.0001

76 to 80 y 19.1% 19.0% 0.00 0.01 1.00 0.8126

81 to 85 y 16.1% 16.2% �0.06 0.01 0.94 <0.0001

>85 y (reference) 13.8% 13.8%

*Because of computer memory constraints, the model was fit on a random sample of 500 000 beneficiaries stratified by practice. The proportion of the population in the full cohort and
the random sample are displayed below. Each beneficiary’s predicted payments were equal to the exponential value for the estimate generated using the equation below. A modified Park
test was performed with an intercept of 2.01 supporting the use of a gamma distribution.
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Beneficiary Characteristics
Table 3 shows characteristics of beneficiaries attributed to
practices within each quartile, and Table 4 provides
parameter estimates for the generalized linear model
predicting annual cardiac payments. Average age was
75.1 years (range from 74.2 to 75.8). The percent of
males was 49.5% (range from 48.5% to 50.0%), and the
percent of black patients was 7.5% (range from 6.9% to
9.3%). The percent of beneficiaries enrolled in Medicaid was
12.0% (range from 10.9% to 14.5%). The prevalence of
chronic conditions and occurrence of myocardial infarction
or stroke were similar across quartiles, with the proportion
of beneficiaries never exceeding a 2.3% difference from the
national average.

Relative to Q1, beneficiaries in Q4 were less likely to reside
in the Northeast (10.2% vs 45.0%) or in an urban location
(88.6% vs 94.9%) and more likely to reside in the South (47.4%
vs 23.2%), Midwest (19.0% vs 15.0%), and West (23.4% vs
14.9%). The mean regional referral rate (range 24.4–24.7%)
and mean referral index (range 1.02–1.04) were similar
across quartiles. Table 5 lists parameter estimates for the
logistic model used to determine the referral index.

Table 6 lists the mean number of outpatient visits to
cardiologists, the proportion to the assigned practice, and the
distribution of primary diagnosis codes for cardiology visits.
The proportion of visits to the assigned practice ranged from
94.1% to 95.8%. Compared to Q1, beneficiaries in Q4 had
more total visits (2.85 vs 2.51), a lower proportion of visits for
hypertension (10.0% vs 12.8%), and a greater proportion of
visits for acute respiratory and chest symptoms (10.2% vs
6.8%).

Procedure Contribution to Variation
Figure illustrates the contribution for individual procedures to
variation across quartiles. Mean cardiac payments ranged
from $583 in Q1 to $1272 in Q4. E&M payments to the same
practice were 1.25-fold higher in Q4 relative to Q1. Mean
procedure payments were $433 and $1085 in Q1 and Q4,
respectively, a 2.50-fold difference. Compared with Q1,
beneficiaries attributed to Q4 practices had higher average
payments for all procedure categories, most significantly
cardiac catheterization (Q4 $215 vs Q1 $64; ratio, 3.4),
myocardial perfusion imaging (Q4 $253 vs Q1 $83; ratio, 3.0),
and electrophysiology device procedures (Q4 $353 vs Q1
$142; ratio, 2.5). Table 7 includes the full data as well as a
delineation of variation in the number of users for each
procedure as well as the average payment per user. Most
variation was explained by differences in the proportion of
users of each procedure.

Association of Outpatient Intensity With Inpatient
Use and Mortality
Table 8 lists the proportion of beneficiaries with an inpatient
admission for each admission type and both unadjusted and
adjusted ORs by quartile. The proportion of beneficiaries with
a noncardiac admission and a cardiac medical admission were
similar across quartiles. The adjusted odds ratio (C-statistic)
for each incremental quartile was 0.99 [0.99, 0.99] P<0.001
(0.73) and 1.00 [0.99, 1.00] P=0.001 (0.78) for noncardiac
and cardiac medical admissions, respectively.

Compared to Q1 (4.2% [4.2%, 4.2%], the proportion of
beneficiaries with a surgical/procedural admission increased
with outpatient intensity: Q2 (4.9% [4.9%, 5.0%], adjusted OR

Table 5. Parameter Estimates for Logistic Model Predicting
Visit to a Cardiologist*

Parameter Odds Ratio
95% Wald
Lower Limit

95% Wald
Upper Limit

Atrial fibrillation 3.40 3.37 3.43

Myocardial infarction
(current year)

2.55 2.47 2.64

Congestive heart failure 1.83 1.82 1.84

Chronic kidney disease 1.12 1.11 1.13

Chronic obstructive
pulmonary disease

0.99 0.98 0.99

Depression 0.82 0.81 0.82

Diabetes 1.10 1.09 1.11

Coronary artery disease 7.29 7.23 7.35

Stroke (current year) 1.19 1.17 1.21

Medicaid enrollment 0.51 0.51 0.52

White (reference) 1.59 1.51 1.68

Black 0.77 0.76 0.78

Other 0.92 0.88 0.95

Asian 1.00 0.98 1.02

Hispanic 0.92 0.91 0.93

North American Native 0.65 0.62 0.69

Female (reference)

Male 1.08 1.07 1.09

≤65 y 0.77 0.76 0.78

66 to 70 y (reference)

71 to 75 y 0.92 0.91 0.93

76 to 80 y 0.82 0.81 0.83

81 to 85 y 0.72 0.71 0.72

>85 y 0.45 0.45 0.46

*This model was developed using a random sample of 2 878 028 Medicare
beneficiaries. Area under the curve=0.82.
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1.14 [1.13, 1.15], P<0.001); Q3 (5.3% [5.3%, 5.3%], adjusted
OR 1.22 [1.21, 1.24], P<0.001); and Q4 (5.9% [5.8%, 5.9%],
adjusted OR 1.32 [1.31, 1.34], P<0.001). The adjusted odds
ratio (C-statistic) for each incremental quartile was 1.09
[1.09, 1.10], P<0.001 (0.76).

Compared to Q1 (6.3% [6.2%, 6.3%], mortality rates were
similar across quartiles: Q2 (6.3% [6.3%, 6.3%], adjusted OR
1.01 [1.00, 1.02], P=0.011); Q3 (6.2% [6.2%, 6.2%], adjusted

OR 1.01 [1.00, 1.02], P=0.026); and Q4 (6.2% [6.1%, 6.2%],
adjusted OR 0.99 [0.98, 1.00], P<0.001). The adjusted odds
ratio (C-statistic) for each incremental quartile was 1.00
[0.99, 1.00], P=0.028 (0.79).

Sensitivity analyses were conducted for all outcome
variables incorporating the regional referral index with and
without HCC score, with similar results and C-statistics with
inclusion of these variables (Table 9).

Table 6. Description of Cardiology Outpatient Visits for Beneficiaries Attributed to Practices by Quartile of Intensity*

Quartile of Spending (Outpatient Intensity Index, Q1=Lowest) Q1 (<0.81) Q2 (0.81–1.00) Q3 (1.00–1.24) Q4 (>1.24) Total

Beneficiaries 1 120 423 2 339 812 2 449 313 1 251 184 7 160 732

Mean cardiology outpatient visits 2.51 2.45 2.57 2.85 2.57

Proportion to assigned practice (%) 94.1 95.7 95.8 95.4 95.4

Primary diagnoses for most frequent cardiology outpatient visits (% total)†

Disorders of lipoid metabolism (272.xx) 3.3 3.3 3.1 2.4 3.1

Essential hypertension (401.xx) 12.8 10.8 9.9 10.0 10.7

Hypertensive heart disease (402.xx) 3.2 1.9 1.6 1.9 2.0

Angina pectoris (413.xx) 1.6 1.6 1.7 3.0 1.9

Chronic ischemic heart disease (414.xx) 21.5 24.4 24.3 24.6 24.0

Other diseases of endocardium (424.xx) 4.3 4.2 4.0 3.4 4.0

Cardiomyopathy (425.xx) 2.1 2.3 2.2 2.1 2.2

Cardiac dysrhythmias (427.xx) 19.6 21.4 21.9 17.9 20.6

Heart failure (428.xx) 3.7 3.7 3.4 3.4 3.5

General symptoms (780.xx) 1.7 1.8 2.0 2.2 1.9

Cardiovascular symptoms (785.xx) 1.7 1.8 1.9 2.0 1.9

Respiratory and chest symptoms (786.xx) 6.8 7.2 8.0 10.2 8.0

*P<0.001 for heterogeneity across quartiles for all variables using chi-square for proportions and 1-way ANOVA for continuous variables.
†

International Classification of Diseases, Ninth Revision, Clinical Modification codes.
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Figure. Procedure-specific contribution to payment variation. Each bar represents the average payment
for the indicated procedure for all beneficiaries attributed to practices in the respective quartile of intensity.
Payments are adjusted for regional price differences. E&M indicates outpatient evaluation and management
visits; EKG, electrocardiogram; EP, electrophysiology; MPI, myocardial perfusion imaging.
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Discussion
Our study demonstrates substantial variation in Medicare
payments for outpatient services at the cardiology prac-
tice level. Because prices were standardized, the variation
reflects differences in utilization. Increasing utilization of
outpatient services was not associated with a meaningful
decrease in the odds of death or a medical hospitaliza-
tion, but was associated with a meaningful increase in the
odds of a cardiac surgical/procedural admission. These
findings are important because they suggest that higher
levels of intensity of outpatient care may not be delivering
value.

Quantifying variation at the cardiology practice level is
important because practice-level variation is highly actionable,
both by patients and referring physicians who may use this
information to guide selection, and payers who may use
various contracting mechanisms to encourage high-value
care. Although measuring a comprehensive set of services at
the practice level likely underestimates variation for individual
procedures and physicians, this mitigates risk of identifying
variation attributed to specialization in a field of cardiology
and still demonstrated clinically and financially meaningful
variation. Our approach to first attributing beneficiaries to
practices and then including all cardiac procedures regardless
of billing practice allows for comparison across practices that

Table 7. Mean Cardiac and Procedure Specific Payments and Users for Beneficiaries Attributed to Practices by Quartile of
Intensity*

Q1 (<0.81) Q2 (0.81–1.00) Q3 (1.00–1.24) Q4 (>1.24) Difference Q4�Q1 Ratio Q4:Q1

Beneficiaries 1 120 423 2 339 812 2 449 313 1 251 184

Mean cardiac payments 583 771 946 1272 689 2.18

Mean E&M payments 149 152 161 187 38 1.26

Mean procedure payments 433 619 785 1085 651 2.50

Procedure variation

Mean catheterization payments 64 102 137 215 151 3.38

% users 3.1 4.8 6.4 9.8 3.18

Mean payment per user 2062 2130 2151 2193 1.06

Mean EKG payments 27 28 28 32 5 1.18

% users 76.3 75.3 75.7 78.0 1.02

Mean payment per user 36 37 37 41 1.15

Mean other EP procedure payments 20 33 47 68 48 3.39

% users 0.6 0.8 1.2 1.5 2.72

Mean payment per user 3581 3855 4062 4474 1.25

Mean echo payments 72 86 102 121 49 1.68

% users 33.8 37.3 43.0 53.6 1.59

Mean payment per user 214 230 238 227 1.06

Mean ICD/pacemaker payments 142 215 272 353 210 2.48

% users 1.2 1.7 2.1 2.7 2.22

Mean payment per user 11 689 12 501 12 784 13 056 1.12

Mean MPI payments 83 125 163 253 170 3.04

% users 14.6 20.2 25.1 36.4 2.49

Mean payment per user 569 622 649 696 1.22

Mean stress test payments 25 31 36 43 18 1.74

% users 18.6 23.4 28.1 38.8 2.09

Mean payment per user 133 134 128 110 0.83

Payments are in dollars. echo indicates echocardiogram; EKG, electrocardiogram; EP, electrophysiology; E&M, evaluation and management; ICD, implantable cardioverter defibrillator; MPI,
myocardial perfusion imaging.
*P<0.001 for heterogeneity across quartiles for all variables using chi-square for proportions and 1-way ANOVA for continuous variables.
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may not offer all services. The similar distribution of
encounter diagnoses and subspecialists provides further
evidence that practices in each quartile were managing
comparable populations.

The association between a higher intensity of outpatient
care and procedural inpatient admissions are consistent with
studies demonstrating greater use of downstream interven-
tions with an increased performance of diagnostic proce-
dures.9,10,19 This also provides evidence that lower outpatient
intensity was not associated with a shift to performing
procedures in the inpatient setting. Little is known regarding
the association between the intensity of outpatient care and
mortality or medical inpatient use, and our results suggest
that there is very minimal association, no larger than the
association with noncardiac admissions. In the mortality
models, the direction and magnitude for clinical variables,
particularly age and the presence of chronic kidney disease or
chronic obstructive pulmonary disease, were comparable to
models predicting mortality using registry data, and C-
statistics were high for all models.20–22

Myocardial perfusion imaging and cardiac catheterization
accounted for approximately half of the procedural variation
between the highest and lowest quartiles of practices. Several
studies have documented high rates of inappropriate use
based on published appropriate use criteria for these

procedures in contemporary practice.23–29 Large, commu-
nity-based studies have documented inappropriate use rates
of 45.5% for MPI23 and 34.6% for stress tests with imaging.28

Among 8996 patients undergoing diagnostic catheterization
in New York, 24.9% were considered inappropriate with rates
ranging from 8.6% to 48.8% across hospitals.26 Variation in
adherence to appropriate use criteria may occur because
cardiologists are unaware or disagree with the criteria30 or are
influenced by nonclinical factors, such as perceived malprac-
tice risk or expectations from patients or referring provi-
ders.31 Though we cannot determine whether individual
procedures are inappropriate, increased inappropriate use
among higher-intensity practices potentially explains some
variation.

Documented rates of inappropriate use alone could not
account for 3-fold differences in utilization, even though rates
of inappropriate use may be higher among practices that do
not participate in studies or registries. Variation without an
associated improvement in outcomes could also occur
because of an increase in procedures that meet appropriate
use criteria or are of uncertain appropriateness, for example
because of differences in interpretation of clinical findings.
Many outpatient procedures confer limited benefit in many
situations,32–35 and suboptimal communication of expected
risks and benefits for elective cardiac procedures has been

Table 8. Inpatient Use and Mortality Across Quartiles*

Quartile of Spending
(Outpatient Intensity Index,
Q1=Lowest) Q1 (<0.81) Q2 (0.81–1.00) Q3 (1.00–1.24) Q4 (>1.24)

Odds Ratio Per
Incremental Quartile

Inpatient use

Noncardiac

Actual users (%) 19.7 [19.6, 19.8] 20.3 [20.2, 20.3] 20.1 [20.0, 20.1] 20.7 [20.6, 20.8]

Unadjusted odds ratio Reference 1.04 [1.03, 1.04] 1.03 [1.02, 1.03] 1.06 [1.06, 1.07] 1.02 [1.01, 1.02]

Adjusted odds ratio Reference 1.01 [1.00, 1.01] 0.99 [0.99, 1.00] 0.98 [0.97, 0.99] 0.99 [0.99, 0.99]

Cardiac medical

Actual users (%) 7.9 [7.9, 8.0] 8.3 [8.3, 8.4] 8.2 [8.2, 8.2] 8.5 [8.5, 8.6]

Unadjusted odds ratio Reference 1.05 [1.04, 1.06] 1.03 [1.03, 1.04] 1.09 [1.08, 1.10] 1.02 [1.02, 1.02]

Adjusted odds ratio Reference 1.02 [1.01, 1.03] 1.00 [0.99, 1.01] 1.00 [0.99, 1.01] 1.00 [0.99, 1.00]

Cardiac surgical/procedural

Actual users (%) 4.2 [4.2, 4.2] 4.9 [4.9, 5.0] 5.3 [5.3, 5.3] 5.9 [5.8, 5.9]

Unadjusted odds ratio Reference 1.18 [1.17, 1.19] 1.28 [1.26, 1.29] 1.42 [1.40, 1.44] 1.11 [1.11, 1.12]

Adjusted odds ratio Reference 1.14 [1.13, 1.15] 1.22 [1.21, 1.24] 1.32 [1.31, 1.34] 1.09 [1.09, 1.10]

Mortality rate (1-year)

Actual (%) 6.3 [6.2, 6.3] 6.3 [6.3, 6.3] 6.2 [6.2, 6.2] 6.2 [6.1, 6.2]

Unadjusted odds ratio Reference 1.01 [1.00, 1.021 0.99 [0.98, 1.00] 0.98 [0.97, 0.99] 0.99 [0.99, 0.99]

Adjusted odds ratio Reference 1.01 [1.00, 1.02] 1.01 [1.00, 1.02] 0.99 [0.98, 1.00] 1.00 [0.99, 1.00]

*Reported values are proportion or odds ratio and 95% CI. Users indicate the proportion of beneficiaries in each quartile that experienced the respective outcome.
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Table 9. Sensitivity Analyses for Mortality and Inpatient Use*

Inpatient Mortality

Noncardiac Cardiac Medical Cardiac Surgical Mortality Rate

Current
+Referral
Index

+HCC/
Referral
Index Current

+Referral
Index

+HCC/
Referral
Index Current

+Referral
Index

+HCC/
Referral
Index Current

+Referral
Index

+HCC/
Referral
Index

C-statistic 0.73 0.73 0.73 0.78 0.78 0.78 0.76 0.76 0.76 0.79 0.79 0.80

Quartile (ref=Quartile 1)

Quartile 2 1.01 1.01 1.00 1.02 1.01 1.01 1.14 1.13 1.13 1.01 1.01 1.01

Quartile 3 0.99 0.99 0.99 1.00 0.99 0.99 1.22 1.21 1.21 1.01 1.00 1.00

Quartile 4 0.98 0.98 0.98 1.00 0.99 0.99 1.32 1.31 1.32 0.99 0.99 0.99

Race (ref=White)

Black 1.01 1.01 0.95 1.46 1.49 1.44 0.95 0.97 0.94 1.00 1.01 0.89

Other 0.81 0.81 0.79 0.91 0.91 0.91 0.90 0.90 0.90 0.80 0.80 0.78

Asian 0.66 0.66 0.65 0.74 0.75 0.74 0.74 0.75 0.74 0.71 0.71 0.69

Hispanic 0.85 0.85 0.82 0.98 1.00 0.98 0.89 0.90 0.89 0.73 0.74 0.69

Native American 1.09 1.08 1.05 1.25 1.21 1.18 1.15 1.10 1.09 1.15 1.15 1.08

Male 0.89 0.89 0.88 0.85 0.85 0.84 1.38 1.38 1.37 1.35 1.35 1.32

Afib 1.26 1.26 1.21 2.47 2.47 2.43 1.36 1.35 1.33 1.49 1.49 1.42

MI 1.92 1.91 1.93 11.84 11.73 11.83 29.95 29.67 29.88 2.05 2.05 2.05

CHF 1.40 1.39 1.30 2.23 2.22 2.15 1.49 1.48 1.44 2.12 2.12 1.92

CKD 2.19 2.19 1.97 1.84 1.84 1.74 1.47 1.47 1.40 1.97 1.96 1.69

COPD 1.76 1.76 1.69 1.46 1.46 1.43 1.17 1.17 1.15 1.61 1.61 1.52

Depression 1.56 1.56 1.53 1.27 1.27 1.25 1.00 1.00 0.99 1.25 1.25 1.21

Diabetes 1.14 1.14 1.09 1.09 1.10 1.07 1.07 1.07 1.05 1.10 1.10 1.02

CAD 0.98 0.98 0.96 1.28 1.28 1.27 2.85 2.85 2.83 1.02 1.02 0.99

Stroke 3.89 3.89 3.85 1.51 1.52 1.51 1.39 1.39 1.38 1.49 1.49 1.45

Medicaid 1.17 1.17 1.13 1.15 1.14 1.12 0.94 0.94 0.92 1.30 1.30 1.23

Age (ref=66–70)

≤65 y 1.19 1.19 1.12 1.25 1.25 1.20 1.06 1.06 1.03 1.01 1.01 0.87

71 to 75 y 0.92 0.92 0.92 0.84 0.84 0.84 0.83 0.83 0.83 1.04 1.04 1.06

76 to 80 y 0.91 0.91 0.92 0.80 0.81 0.81 0.75 0.75 0.75 1.26 1.26 1.32

81 to 85 y 0.94 0.94 0.95 0.84 0.84 0.85 0.66 0.66 0.66 1.72 1.72 1.82

>85 y 1.02 1.02 1.03 0.95 0.95 0.96 0.47 0.47 0.48 3.14 3.14 3.33

Referral index — 0.91 0.90 — 0.63 0.62 — 0.57 0.57 — 0.93 0.92

HCC score — — 1.13 — — 1.06 — — 1.05 — — 1.17

Alzheimer’s — — — — — — — — — 1.87 1.87 1.88

Breast cancer — — — — — — — — — 1.15 1.15 1.12

Lung cancer — — — — — — — — — 3.70 3.70 3.41

Colon cancer — — — — — — — — — 1.31 1.31 1.27

Afib indicates atrial fibrillation; CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HCC, hierarchical
condition score; MI, myocardial infarction.
*All values are odds ratios using the actual model and models incrementally adding referral index and hierarchical condition score. For each outcome, the table includes results from the
risk model used in the study, as well as sequential addition of referral index and HCC score. Addition of these variables had minimal impact on overall model performance as measured by
the C-statistic or quartile-specific effects.
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well documented, so that variation in approaches to shared
decision making could result in different choices among
patients.36–38

Approximately one third of variation was attributable to
electrophysiology device procedures. Al-Khatib et al. found
that as many as 22.5% of primary ICD placements may not be
evidence based, with significant variation in rates across
sites.39 Beyond inappropriate use, the absence of an
improvement in mortality for practices with higher use of
these procedures could be attributed to an undetected benefit
for the small proportion of the population that received these
procedures or a lack of benefit for indications that are
considered appropriate based on expert opinion, but may not
improve mortality.40 Studies have suggested that primary ICD
placement is associated with reduced mortality and underuti-
lized in the Medicare population, though observational data
may be subject to selection bias.41,42 Our study also includes
generator or lead replacements, for which limited evidence or
guidelines exist, and may be particularly susceptible to
differences in cardiologists’ approach to shared decision
making.43 The high cost, variable use, and uncertain benefit of
these procedures in the Medicare population suggests a
critical need for further study.

There was a notable difference in the distribution of
practices nationally, with a much lower than expected
percentage of beneficiaries attributed to higher quartile
practices in the Northeast and urban regions. These differ-
ences were not explained by regional differences in the
propensity to refer to a cardiologist or prevalence of disease
and may reflect different practice norms or other market
factors. Though these trends are important, all regions of the
country contained high- and low-utilization practices, empha-
sizing the importance of measuring variation at the practice
level.

Limitations of the study include residual differences in
patient populations following claims-based risk adjustment.
We found a similar distribution of conditions, encounter
diagnoses, and encounter frequencies in each quartile, though
we did find a lower mean number of interventional cardiol-
ogists in the lowest quartile. It is possible that the lower
intensity partially reflects a lower-acuity patient population,
but also a reduced tendency to recommend procedures of
limited benefit that would require referral to another practice.
We could not determine whether outpatient intensity was
associated with other dimensions of quality, including
symptom relief and patient satisfaction with the experience
of care. Although our study was of sufficient sample size to
detect very small changes in mortality, it is possible that
differences would emerge over a longer time frame. It is
possible that other attribution methodologies would have
yielded different results; however, we selected a methodology
that is typical of value-based payment programs.6 Finally,

these results are only applicable to Medicare fee-for-service
beneficiaries.

Conclusions
These findings demonstrate that significant opportunities to
improve the value of cardiac care in the outpatient setting
likely exist. Further research to identify the underlying factors
driving differences in outpatient intensity, association with
additional outcomes, and effective solutions to optimize value
is needed. Professional organizations, physicians, and
patients commonly must make recommendations or decisions
with uncertain evidence, and these findings provide important
contextual information, suggesting that, in many cases, a
lower intensity of care may not sacrifice outcomes. The
cardiology profession has been a leader in developing
evidence-based standards of care and promoting dissemina-
tion into practice.25,44,45 The amount of variation presents a
new challenge to eliminate waste, ensure that any differences
are justified, and test strategies to improve the efficiency of
practice without diminishing outcomes.

Disclosures
Dr Krumholz is supported by grant U01 HL105270-05 (Center
for Cardiovascular Outcomes Research at Yale University)
from the National Heart, Lung, and Blood Institute. Dr
Krumholz is a recipient of research grants from Medtronic
and from Johnson & Johnson, through Yale University, to
develop methods of clinical trial data sharing and is chair of a
cardiac scientific advisory board for UnitedHealth. The
remaining authors have no disclosures to report.

References
1. The Dartmouth Atlas of Health Care: Data by region. Dartmouth Institute for

Health Policy and Clinical Practice. Available at: http://www.dartmouthat-
las.org/tools/faq/researchmethods.aspx. Accessed February 19, 2016.

2. Institute of Medicine. Interim Report of the Committee on Geographic Variation
in Health Care Spending and Promotion of High-Value Care: Preliminary
Committee Observations. Washington, DC: The National Academies Press;
2013.

3. Brennan N, Conway PH, Tavenner M. The Medicare physician-data release—
context and rationale. N Engl J Med. 2014;371:99–101.

4. O’Gara PT. Caution advised: Medicare’s physician-payment data release.
N Engl J Med. 2014;371:101–103.

5. Centers for Medicare & Medicaid Services. Value-based payment modifier.
Available at: http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Pay-
ment/PhysicianFeedbackProgram/ValueBasedPaymentModifier.html.
Accessed February 19, 2016.

6. Centers for Medicare and Medicaid Services. Shared savings program.
Available at: http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Pay-
ment/sharedsavingsprogram/index.html. Accessed February 19, 2016.

7. Center for Medicare and Medicaid Services. Medicare Part B physician/sup-
plier national data—calendar year 2012 expenditures and services by
specialty. Available at: http://www.cms.gov/Research-Statistics-Data-and-
Systems/Statistics-Trends-and-Reports/MedicareFeeforSvcPartsAB/Down-
loads/Specialty2012.pdf. Accessed February 19, 2016.

DOI: 10.1161/JAHA.115.002594 Journal of the American Heart Association 11

Outpatient Cardiac Care Variation Clough et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

 at Duke University--Durham on March 1, 2016http://jaha.ahajournals.org/Downloaded from 

http://www.dartmouthatlas.org/tools/faq/researchmethods.aspx
http://www.dartmouthatlas.org/tools/faq/researchmethods.aspx
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeedbackProgram/ValueBasedPaymentModifier.html
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeedbackProgram/ValueBasedPaymentModifier.html
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/sharedsavingsprogram/index.html
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/sharedsavingsprogram/index.html
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/MedicareFeeforSvcPartsAB/Downloads/Specialty2012.pdf
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/MedicareFeeforSvcPartsAB/Downloads/Specialty2012.pdf
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/MedicareFeeforSvcPartsAB/Downloads/Specialty2012.pdf
http://jaha.ahajournals.org/


8. Morden NE, Colla CH, Sequist TD, Rosenthal MB. Choosing wisely-the politics
and economics of labeling low-value services. N Engl J Med. 2014;370:589–
592.

9. Wennberg DE, Kellett MA, Dickens JD, Malenka DJ, Keilson LM, Keller RB. The
association between local diagnostic testing intensity and invasive cardiac
procedures. JAMA. 1996;275:1161–1164.

10. Safavi KC, Li SX, Dharmarajan K, Venkatesh AK, Strait KM, Lin H, Lowe TJ,
Fazel R, Nallamothu BK, Krumholz HM. Hospital variation in the use of
noninvasive cardiac imaging and its association with downstream testing,
interventions, and outcomes. JAMA Intern Med. 2014;174:546–553.

11. Rossi JS, Federspiel JJ, Crespin DJ, Carey TS, Sheridan BC, Stearns SC. Stress
imaging use and repeat revascularization among Medicare patients with high-
risk coronary artery disease. Am J Cardiol. 2012;110:1270–1274.

12. Hira RS, Kennedy K, Jneid H, Alam M, Basra SS, Petersen LA, Ballantyne CM,
Nambi V, Chan PS, Virani SS. Frequency and practice-level variation in
inappropriate and nonrecommended prasugrel prescribing: insights from the
NCDR PINNACLE registry. J Am Coll Cardiol. 2014;63:2876–2877.

13. Maddox TM, Chan PS, Spertus JA, Tang F, Jones P, Ho PM, Bradley SM, Tsai TT,
Bhatt DL, Peterson PN. Variations in coronary artery disease secondary
prevention prescriptions among outpatient cardiology practices: insights from
the NCDR (National Cardiovascular Data Registry). J Am Coll Cardiol.
2014;63:539–546.

14. Peterson PN, Chan PS, Spertus JA, Tang F, Jones PG, Ezekowitz JA, Allen LA,
Masoudi FA, Maddox TM. Practice-level variation in use of recommended
medications among outpatients with heart failure: insights from the NCDR
PINNACLE program. Circ Heart Fail. 2013;6:1132–1138.

15. Steinbrook R. The repeal of Medicare’s sustainable growth rate for physician
payment. JAMA. 2015;313:2025–2026.

16. Chronic Conditions Data Warehouse. Data Dictionaries. Available at: https://
www.ccwdata.org/web/guest/data-dictionaries. Accessed February 19, 2016.

17. Centers for Medicare and Medicaid Services. Public use file. 2014. Available
at: http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-
Trends-and-Reports/Medicare-Geographic-Variation/GV_PUF.html. Accessed
February 19, 2016.

18. Prasad V, Jena AB. Prespecified falsification end points: can they validate true
observational associations? JAMA. 2013;309:241–242.

19. Bradley SM, Spertus JA, Kennedy KF, Nallamothu BK, Chan PS, Patel MR,
Bryson CL, Malenka DJ, Rumsfeld JS. Patient selection for diagnostic coronary
angiography and hospital-level percutaneous coronary intervention appropri-
ateness: insights from the National Cardiovascular Data Registry. JAMA Intern
Med. 2014;174:1630–1639.

20. Benjamin EJ, Wolf PA, D’Agostino RB, Silbershatz H, Kannel WB, Levy D. Impact
of atrial fibrillation on the risk of death: the Framingham Heart Study.
Circulation. 1998;98:946–952.

21. Weintraub WS, Grau-Sepulveda MV, Weiss JM, Delong ER, Peterson ED,
O’Brien SM, Kolm P, Klein LW, Shaw RE, McKay C, Ritzenthaler LL, Popma JJ,
Messenger JC, Shahian DM, Grover FL, Mayer JE, Garratt KN, Moussa ID,
Edwards FH, Dangas GD. Prediction of long-term mortality after percutaneous
coronary intervention in older adults: results from the National Cardiovascular
Data Registry. Circulation. 2012;125:1501–1510.

22. Bilchick KC, Stukenborg GJ, Kamath S, Cheng A. Prediction of mortality in
clinical practice for Medicare patients undergoing defibrillator implantation for
primary prevention of sudden cardiac death. J Am Coll Cardiol. 2012;60:1647–
1655.

23. Doukky R, Hayes K, Frogge N, Balakrishnan G, Dontaraju VS, Rangel MO,
Golzar Y, Garcia-Sayan E, Hendel RC. Impact of appropriate use on the
prognostic value of single-photon emission computed tomography myocardial
perfusion imaging. Circulation. 2013;128:1634–1643.

24. Khawaja FJ, Jouni H, Miller TD, Hodge DO, Gibbons RJ. Downstream clinical
implications of abnormal myocardial perfusion single-photon emission com-
puted tomography based on appropriate use criteria. J Nucl Cardiol.
2013;20:1041–1048.

25. Johnson TV, Rose GA, Fenner DJ, Rozario NL. Improving appropriate use of
echocardiography and single photon emission computed tomographic
myocardial perfusion imaging: a continuous quality improvement initiative. J
Am Soc Echocardiogr. 2014;27:749–757.

26. Hannan EL, Samadashvili Z, Cozzens K, Walford G, Holmes DR Jr, Jacobs AK,
Stamato NJ, Venditti FJ, Sharma S, King SB III. Appropriateness of diagnostic
catheterization for suspected coronary artery disease in New York State. Circ
Cardiovasc Interv. 2014;7:19–27.

27. Hannan EL, Cozzens K, Samadashvili Z, Walford G, Jacobs AK, Holmes DR Jr,
Stamato NJ, Sharma S, Venditti FJ, Fergus I, King SB III. Appropriateness of
coronary revascularization for patients without acute coronary syndromes. J
Am Coll Cardiol. 2012;59:1870–1876.

28. Ladapo JA, Blecker S, Douglas PS. Physician decision making and trends in the
use of cardiac stress testing in the United States: an analysis of repeated
cross-sectional data. Ann Intern Med. 2014;161:482–490.

29. Chan PS, Patel MR, Klein LW, Krone RJ, Dehmer GJ, Kennedy K, Nallamothu BK,
Weaver WD, Masoudi FA, Rumsfeld JS, Brindis RG, Spertus JA. Appropriateness
of percutaneous coronary intervention. JAMA. 2011;306:53–61.

30. Lin FY, Rosenbaum LR, Gebow D, Kim RJ, Wolk MJ, Patel MR, Dunning AM,
Labounty TM, Gomez MJ, Shaw LJ, Narula J, Douglas PS, Raman SV, Berman
DS, Min JK. Cardiologist concordance with the American College of Cardiology
appropriate use criteria for cardiac testing in patients with coronary artery
disease. Am J Cardiol. 2012;110:337–344.

31. Lucas FL, Sirovich BE, Gallagher PM, Siewers AE, Wennberg DE. Variation in
cardiologists’ propensity to test and treat: is it associated with regional
variation in utilization? Circ Cardiovasc Qual Outcomes. 2010;3:253–260.

32. Patel MR, Dai D, Hernandez AF, Douglas PS, Messenger J, Garratt KN, Maddox
TM, Peterson ED, Roe MT. Prevalence and predictors of nonobstructive
coronary artery disease identified with coronary angiography in contemporary
clinical practice. Am Heart J. 2014;167:846–852.

33. Patel MR, Peterson ED, Dai D, Brennan JM, Redberg RF, Anderson HV, Brindis
RG, Douglas PS. Low diagnostic yield of elective coronary angiography. N Engl
J Med. 2010;362:886–895.

34. Shah BR, Cowper PA, O’Brien SM, Jensen N, Drawz M, Patel MR, Douglas PS,
Peterson ED. Patterns of cardiac stress testing after revascularization in
community practice. J Am Coll Cardiol. 2010;56:1328–1334.

35. Koh AS, Flores JL, Keng FY, Tan RS, Chua TS. Correlation between clinical
outcomes and appropriateness grading for referral to myocardial perfusion
imaging for preoperative evaluation prior to non-cardiac surgery. J Nucl
Cardiol. 2012;19:277–284.

36. Kureshi F, Jones PG, Buchanan DM, Abdallah MS, Spertus JA. Variation in
patients’ perceptions of elective percutaneous coronary intervention in stable
coronary artery disease: cross sectional study. BMJ. 2014;349:g5309.

37. Fowler FJ Jr, Gallagher PM, Bynum JP, Barry MJ, Lucas FL, Skinner JS. Decision-
making process reported by Medicare patients who had coronary artery
stenting or surgery for prostate cancer. J Gen Intern Med. 2012;27:911–916.

38. Rothberg MB, Sivalingam SK, Ashraf J, Visintainer P, Joelson J, Kleppel R,
Vallurupalli N, Schweiger MJ. Patients’ and cardiologists’ perceptions of the
benefits of percutaneous coronary intervention for stable coronary disease.
Ann Intern Med. 2010;153:307–313.

39. Al-Khatib SM, Hellkamp A, Curtis J, Mark D, Peterson E, Sanders GD,
Heidenreich PA, Hernandez AF, Curtis LH, Hammill S. Non-evidence-based ICD
implantations in the United States. JAMA. 2011;305:43–49.

40. Kusumoto FM, Calkins H, Boehmer J, Buxton AE, Chung MK, Gold MR,
Hohnloser SH, Indik J, Lee R, Mehra MR, Menon V, Page RL, Shen WK,
Slotwiner DJ, Stevenson LW, Varosy PD, Welikovitch L; Heart Rhythm Society;
American College of Cardiology; American Heart Association. HRS/ACC/AHA
expert consensus statement on the use of implantable cardioverter-
defibrillator therapy in patients who are not included or not well represented
in clinical trials. J Am Coll Cardiol. 2014;64:1143–1177.

41. Pokorney SD, Miller AL, Chen AY, Thomas L, Fonarow GC, Al-Khatib SM,
Peterson ED, Want TY. Implantable cardioverter-defibrillator use among
Medicare patients with low ejection fraction after acute myocardial infarction.
JAMA. 2015;313:2433–2440.

42. Khazanie P, Hellkamp AS, Fonarow GC, Bhatt DL, Masoudi FA, Anstrom KJ,
Heidenreich PA, Yancy CW, Curtis LH, Hernandez AF, Peterson ED, Al Khatib
SM. Association between comorbidities and outcomes in heart failure patients
with and without an implantable cardioverter-defibrillator for primary preven-
tion. J Am Heart Assoc. 2015;4:e002061 doi: 10.1161/JAHA.115.002061.

43. Kramer DB, Buxton AE, Zimetbaum PJ. Time for a change—a new approach to
ICD replacement. N Engl J Med. 2012;366:291–293.

44. Saifi S, Taylor AJ, Allen J, Hendel R. The use of a learning community and online
evaluation of utilization of SPECT myocardial perfusion imaging. JACC
Cardiovasc Imaging. 2013;6:823–829.

45. Centers for Medicare and Medicaid Services. Health Care Innovation Awards
Round Two: Wisconsin. Available at: http://innovation.cms.gov/initiatives/
Health-Care-Innovation-Awards-Round-Two/Wisconsin.html. Accessed Febru-
ary 19, 2016.

DOI: 10.1161/JAHA.115.002594 Journal of the American Heart Association 12

Outpatient Cardiac Care Variation Clough et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

 at Duke University--Durham on March 1, 2016http://jaha.ahajournals.org/Downloaded from 

https://www.ccwdata.org/web/guest/data-dictionaries
https://www.ccwdata.org/web/guest/data-dictionaries
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Geographic-Variation/GV_PUF.html
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Geographic-Variation/GV_PUF.html
info:doi/10.1161/JAHA.115.002061
http://innovation.cms.gov/initiatives/Health-Care-Innovation-Awards-Round-Two/Wisconsin.html
http://innovation.cms.gov/initiatives/Health-Care-Innovation-Awards-Round-Two/Wisconsin.html
http://jaha.ahajournals.org/


Conway, Sha Maresh, Daver C. Kahvecioglu and Harlan M. Krumholz
Jeffrey D. Clough, Rahul Rajkumar, Matthew T. Crim, Lesli S. Ott, Nihar R. Desai, Patrick H.

Level Variation in Outpatient Cardiac Care and Association With Outcomes−Practice

Online ISSN: 2047-9980 
Dallas, TX 75231

 is published by the American Heart Association, 7272 Greenville Avenue,Journal of the American Heart AssociationThe 
doi: 10.1161/JAHA.115.002594

2016;5:e002594; originally published February 23, 2016;J Am Heart Assoc. 

 http://jaha.ahajournals.org/content/5/2/e002594
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

 
 for more information. http://jaha.ahajournals.orgAccess publication. Visit the Journal at 

 is an online only OpenJournal of the American Heart AssociationSubscriptions, Permissions, and Reprints: The 

 at Duke University--Durham on March 1, 2016http://jaha.ahajournals.org/Downloaded from 

http://jaha.ahajournals.org/content/5/2/e002594
http://jaha.ahajournals.org
http://jaha.ahajournals.org/

