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Abstract

Background—Rapid growth in the provision of cardiac imaging tests has led to concerns about 

overuse. Little is known about the degree to which health care delivery system characteristics 

influence use and variation in echocardiography.

Methods—We analyzed administrative claims of veterans with heart failure older than 65 years 

from 2007 to 2010 across 34 metropolitan service areas (MSAs). We compared overall rates and 

geographic variation in use of transthoracic echocardiography (TTE) between veterans who used 

the Veterans Health Administration (VA) and propensity-matched veterans who used Medicare. 

“Dual users” were excluded.

Results—There were no significant differences in clinical characteristics or mortality between 

the propensity-matched cohorts (overall n = 30,404 veterans, mean age 76 years, mortality rate 

52%). The Medicare cohort had a significantly higher overall rate of TTE use compared with the 

VA cohort (1.25 vs 0.38 TTEs per person-year, incidence rate ratio 2.89 [95% CI 2.80-3.00], both 

P< .001), but a similar coefficient of variation across MSAs (0.36 [95% CI 0.27-045] vs 0.48 

[95% CI 0.37-0.59]). There was a moderate to strong correlation in variation at the MSA level 

between cohorts (Spearman r = 0.58, P < .001).

Conclusion—Overall rates of TTE use were significantly higher in a Medicare cohort compared 

with a propensity score-matched VA cohort of veterans with heart failure living in urban areas, 
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with similar relative degrees of geographic variation and moderate to strong regional correlation. 

Rates of TTE use may be strongly influenced by health care system characteristics, but local 

practice styles influence echocardiography rates irrespective of health system.

Growth in costs of health care for cardiovascular patients has been driven largely by a 

substantial increase in the rate of diagnostic imaging. Among Medicare beneficiaries, annual 

rates of echocardiography doubled and annual rates of nuclear stress tests tripled between 

1999 and 2006, accounting for nearly half of the total growth in the costs of cardiology 

services.1 Furthermore, there is substantial geographic variation in the use of cardiac 

imaging that may not be explained entirely by differences in clinical appropriateness.2,3 

These findings raise concern that rising rates of cardiac imaging could be attributable in part 

to overuse.4,5 As a result, professional societies have attempted to better elucidate the 

complex mechanisms that drive imaging rates.6–8 However, the degree to which differing 

characteristics of health care delivery systems account for overall cardiac imaging volume 

and geographic variation in cardiac imaging use remains unclear.

To address this question, we compared overall rates, degree of geographic variation, and 

correlation in local rates of use of resting transthoracic echocardiography (TTE) among 

veterans with heart failure (HF) who use services provided by the Veterans Health 

Administration (VA) vs similar veterans who use nonfederal health systems reimbursed by 

FFS Medicare. The VA health system is an integrated health care delivery system operating 

under a fixed global budget. Several studies have shown that the quality of care patients 

receive within the VA system is high, and outcomes are equal to or better than non-VA 

patients.9–12

Using administrative claims from VA and Medicare of propensity-matched veterans with 

HF older than 65 years from 2007 to 2010, we examined use rates and assessed whether the 

degree of geographic variation in use of TTE was higher among veterans receiving care 

primarily from Medicare vs the VA.

Methods

Study design and data source

We conducted a cohort study comparing rates of echocardiography among veterans who 

received care from the VA vs from hospitals participating in fee-for-service (FFS) Medicare 

from 2007 to 2010. All VA-enrolled or VA-eligible veterans who had at least 1 inpatient 

hospitalization or at least 2 outpatient encounters for HF between 2002 and 2011 were 

included. We obtained all VA administrative records, as well as comprehensive Medicare 

FFS administrative claims from the Outpatient, Carrier, and MedPAR files for each veteran 

in the cohort during this period. There were over 2 million veterans with HF included in this 

database, which was assembled as part of a VA Health Services Research and Development-

funded study. Demographic data for all patients included dates of birth and death, sex, and 

zip code of residence. We used 2010 US Census per-capita income data mapped to counties 

(based on zip code of residence) to estimate the median household income for each veteran. 

Comorbid conditions were assessed from administrative claims using algorithms from the 

Centers for Medicare and Medicaid Service's Chronic Conditions Data Warehouse.13
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Geographic selection

The analysis was restricted to veterans living in the largest major metropolitan service areas 

(MSAs; n = 36) in the United States, defined as cities and their surrounding suburbs with 

populations more than 1,000,000 people based on the 2010 US Census, and that had at least 

1 VA medical center. Metropolitan service areas with populations more than 1,000,000 but 

no major VA medical center (n = 2) were excluded.

Prior studies of geographic variation have used hospital referral regions (HRRs) defined by 

the Dartmouth Atlas project as the geographic unit.14 However, we chose to use MSAs to 

concentrate on practice patterns in metropolitan areas because HRRs were developed to 

reflect referral patterns among Medicare populations that occasionally include a much 

broader surrounding area.

VA and Medicare cohort selection

We included only veterans 65 years and older because Medicare coverage is nearly universal 

after that age. Inclusion criteria for the VA and Medicare cohorts were designed to include 

veterans who chose to receive their health care exclusively within either the VA or 

alternatively at nonfederal hospitals participating in FFS Medicare. Therefore, we excluded 

any patient who had claims filed with both VA and Medicare. Furthermore, we limited our 

VA cohort to include only patients who were potential recipients of cardiac imaging within 

VA by excluding those veterans who used the VA for only supplementary medical services 

such as prescription renewal. The VA cohort therefore included only patients who had 3 or 

more outpatient visits at the VA within a 12-month period, received at least 1 medical or 

surgical procedure within the VA during the study period, or had at least 1 hospitalization 

within the VA during the study period. Veterans who entered (ie, received an initial 

diagnosis of HF during the 2007-2010 study period) and exited the cohort (ie, at date of 

death) during the study period were accounted for by appropriate measures of follow-up 

time and censoring.

Propensity score calculation and matching

To minimize differences between cohorts, we used propensity scores to match veterans in 

the Medicare cohort to veterans in the VA cohort.15 Propensity scores were calculated as 

probabilistic measures reflecting the likelihood of a veteran to use the VA vs Medicare, 

based on demographic and clinical characteristics. The propensity score was calculated 

using multivariate logistic regression that included the following independent variables: age, 

sex, and median household income; presence/absence of ischemic heart disease, chronic 

kidney disease, chronic pulmonary disease, diabetes mellitus, hypertension, stroke/transient 

ischemic attack, and lung, colorectal, prostate, or breast cancer; receipt of cardiac 

procedures including percutaneous coronary intervention, surgical valve repair/replacement, 

coronary artery bypass graft, heart transplant, or implantation of a circulatory support 

device; and a dummy variable for year of diagnosis of HF. The success of the propensity 

score is determined by its ability to balance independent covariates between the patients who 

used the VA vs Medicare. This covariate balance was assessed using standard mean 

differences.
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To create our matched cohorts, veterans who used the VA were matched to patients who had 

a similar propensity to use the VA but instead used Medicare. Matching was performed 

using a 1-to-1 “nearest-neighbor” matching algorithm without replacement,16 and with 

maximal caliper distance of 25% of the standard deviation of all propensity scores. In 

addition,wespecifiedanexact match at the MSA level to ensure equal numbers of veterans in 

each cohort within each MSA. We then tested whether rates of death, use of implantable 

cardioverter-defibrillators (ICDs), and hospitalizations for HF (outcomes not included in the 

calculation of propensity scores because they could potentially be affected by use of 

echocardiography) were different between the matched cohorts.

Procedure identification

Receipt of a TTE was identified by Current Procedural Technology (CPT) codes 

93303-93325, or by International Classification of Diseases, Ninth Revision (ICD-9) code 

88.72. Treadmill or pharmacologic stress TTEs were not included in the analysis. For each 

patient in the cohort, we summed the total number of TTEs performed over all study years 

and removed any potential duplicate references to the same study (ie, same patient, CPT 

code, and date of study). We included both inpatient and outpatient studies.

Coronary artery bypass graft surgery was identified by ICD-9 codes 36.1× or 36.2×, valve 

repair/replacement surgery by codes 35.1× or 35.2×, and heart transplant or circulatory 

assist device implantation by codes 37.5× or 37.6×. Percutaneous coronary intervention was 

identified by ICD-9 codes 00.66, 36.01-36.07, and 36.09 or CPT codes 92980-92984, 

92995, 92996, G0290, and G0291. Receipt of an ICD was identified by ICD-9 codes 00.51, 

00.54, 37.94, and 37.98 or CPT code 33249. Hospitalizations with a primary discharge 

diagnosis of HF were identified by ICD-9 codes 398.91, 402.01, 402.11, 402.91, 404.01, 

404.11, 404.91, 404.03, 404.13, 404.93, 425.4, 428.0, 428.1, 428.20, 428.21, 428.22, 

428.23, 428.30, 428.31, 428.32, 428.33, 428.40, 428.41, 428.42, 428.43, or 428.9.

Statistical analysis

Standard paired summary statistics were used to compare the baseline patient-level 

characteristics between the propensity-matched cohorts. Rates of mortality, hospitalizations 

for HF, and ICD use were compared between the matched groups using McNemar tests. 

Differences in survival were assessed using the Kaplan-Meier method and log-rank tests. 

Rates of TTEs per person-year for each MSA by cohort were calculated by dividing the total 

number of TTEs among the population within a given region during the study period by the 

eligible veteran population within that region. We used a Spearman rank-order correlation 

coefficient to test whether there was a correlation between the MSA-level rates of TTE use 

for the VA and Medicare cohorts.

To compare the overall TTE use rates across MSAs between the VA cohort and the 

propensity-matched Medicare cohort, we used 2 methods. First, we compared the mean 

overall rates of TTE use between the VA and Medicare cohorts using a paired t test. Next, to 

account for variability between MSA-level and patient-level characteristics, we used a 

multilevel mixed-effects negative binomial regression model. Specifically,we used the 

number of TTEs per veteran as the dependent variable; age, sex, income, presence/absence 
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of ischemic heart disease, chronic kidney disease, chronic obstructive pulmonary disease, 

diabetes mellitus, hypertension, stroke/transient ischemic attack, cancer, receipt of cardiac 

surgery, and an indicator for cohort as the independent variables; an exposure term for 

number of years present in the cohort; and random effects specified at the MSA level.

We explored the degree of regional variation between the VA and Medicare cohorts in 2 

ways. First, we calculated the difference between the maximum and minimum MSA-level 

procedure rates for each cohort. Second, we compared the coefficients of variation of the 

mean rates of TTE use across MSAs between the VA and Medicare cohorts.

Statistical analyses were conducted using Stata version 13.1 (College Station, TX). P < .05 

(2 sided) was considered statistically significant. The institutional review board at the 

Philadelphia Veterans Affairs Medical Center approved the study.

Dr Kini received support from the National Institutes of Health (5T32HL007843-18). Dr 

Groeneveld received support from the VA's Health Services Research and Development 

Service (Grant Nos. 1I0HX000523 and 1I01HX001630). The authors are solely responsible 

for the design and conduct of this study, all study analyses, the drafting and editing of the 

manuscript, and its final contents.

Results

The primary cohort was selected from a pool of 15,330 VA veterans and 224,525 Medicare 

veterans living in urban areas who were older than 65 years with HF. Propensity score 

matching yielded a primary VA cohort that included 15,202 veterans and 40,158 person-

years, and a primary Medicare cohort that included 15,202 veterans and 40,094 person-

years. All patient-level characteristics were statistically balanced after matching (Table I). 

Geographically, all veterans were matched within the 34 MSAs, which were broadly 

distributed across 30 states. There was no significant difference in mortality between the VA 

and Medicare cohorts (52.0% vs 52.4%, log-rank P = .75) (Figure 1) or ICD use between the 

VA and Medicare cohorts (6.9% vs 7.1%, P = .41). However, the proportion of veterans 

who experienced at least 1 hospitalization for HF was greater in the VA cohort compared 

with the Medicare cohort (17% vs 12%, P < .001) (Table I).

Overall, the propensity-matched Medicare cohort had a significantly higher rate of TTE use 

compared with the VA cohort (1.25 [95% CI 1.24-1.27] vs 0.38 [95% CI 0.37-0.39] TTEs 

per person-year, P < .001) (Table II). After accounting for variability of patient-level and 

MSA-level characteristics in a multilevel mixed-effects model, the Medicare cohort 

continued to have a significantly higher rate of TTE use compared with the VA cohort 

(incidence rate ratio 2.89 [95% CI 2.80-3.00], P < .001). Frequency of testing was also 

significantly higher in the Medicare cohort; among patients who received TTEs, 3,553 

(44%) of 8,161 had one or more TTEs annually during the study period, compared with 

1,059 (23%) of 4,572 in the VA cohort (P < .001) (Figure 2).

We found that although the range of the MSA-level rates of TTE use was greater in the 

Medicare cohort, the coefficients of variation were similar. Across the 34 MSAs, the rate of 

TTE use per person-year among the VA cohort ranged from 0.05 to 0.61 (range 0.56), 
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whereas the rate among the Medicare cohort ranged from 0.23 to 1.95 (range 1.72). 

However, the coefficient of variation of the MSA-level rates was not significantly different 

in the Medicare cohort compared with the VA cohort (0.36 [95% CI 0.27-0.45] vs 0.48 

[95% CI 0.37-0.59]) (Table II), indicating that the relative degree of variation was similar 

between cohorts. Finally, we found that there was a moderate to strong Spearman rank 

correlation in TTE use between the VA and Medicare cohorts (r = 0.58, P < .001) (Figure 

3).

Discussion

We compared overall rates and geographic variation in the use of echocardiography between 

propensity-matched veterans with HF who used the VA vs Medicare across 34 MSAs. We 

found that mean echo rates were significantly higher among veterans who used Medicare, 

despite similar clinical characteristics and mortality rates. We also found that the MSA-level 

TTE rates exhibited similar relative degrees of variation and were moderately to strongly 

correlated between the cohorts. Our findings suggest that overall TTE use rates are strongly 

influenced by health care system, but local practice style influences care for both VA and 

Medicare patients.

This study has several strengths. First, we directly compared rates of imaging testing 

between similar groups of patients who use 2 separate health care financing and delivery 

systems. Most prior studies exploring use and variation in cardiovascular procedure rates 

have done so by examining Medicare or commercially insured populations.17–20 Second, we 

used major MSAs with large VA medical centers as our geographic unit of analysis rather 

than HRRs defined by the Dartmouth Atlas project,14 which concentrated our study on 

practice patterns in large metropolitan areas where veterans who live near VA and 

nonfederal hospitals may choose to use either system. Third, we matched veterans by 

propensity score to minimize differences in demographic, clinical, and geographic 

characteristics between the VA and Medicare cohorts. This provided a unique and 

potentially more robust analysis of the drivers of use and variation.

Optimizing the value of diagnostic cardiac imaging tests has proved challenging. Imaging 

tests may be particularly prone to overuse because these tests are generally low risk, easily 

available as a result of technology proliferation, and potentially lucrative to providers and 

health systems, and the appropriate use criteria encompass a wide variety of clinical 

scenarios.21,22 Furthermore, although imaging testing is an integral part of cardiovascular 

care, there is little evidence that frequent use of imaging testing directly leads to improved 

patient outcomes.8,23 Our study is consistent with another study showing that imaging use is 

higher in Medicare compared with the VA24 despite similarities in patient-level 

characteristics and mortality, raising the possibility that the difference could be explained in 

part due to overuse driven by structures of care delivery that include FFS incentives. 

Another possible explanation is the high degree of fragmentation of care in Medicare, 

leading to frequent duplication of testing.25 However, the difference in use could also be due 

to underuse of testing at the VA because some features of the VA system such as 

constrained budgets and restrictions on expansion may disincentivize use of health care 

resources and lead to delays in scheduling of testing. In addition, patients in the VA cohort 
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had a higher rate of hospitalization for HF, which could indicate that more frequent testing 

might be associated with less need for acute care. Other unique features of the VA health 

care system including structural integration (including a nationally available electronic 

medical record), salaried physicians, and low emphasis on clinical revenue generation could 

also contribute to lower cardiovascular imaging use rates in VA. Our study suggests that 

Medicare Accountable Care Organizations that exhibit similar characteristics may be 

successful in reducing imaging-related health care costs without compromising quality.26–29

Our finding of moderate to strong correlation of regional rates of TTE use between VA and 

Medicare suggests that local practice styles contributed substantially to local rates of 

echocardiography. This finding is consistent with some prior research,30,31 but our study 

extends current knowledge in 2 ways. First, prior studies have largely compared patterns of 

procedure use between FFS and capitated reimbursement systems,19,32 rather than entirely 

distinct payment and care delivery systems such as VA and Medicare. Second, our study 

found a stronger correlation in regional rates than prior studies that have examined 

correlation in cancer-related imaging,24 invasive cardiovascular procedures,19 or number of 

hospitalizations32 between different health systems. Our finding of stronger correlation may 

be because TTE use is highly discretionary, and discretionary practices may be more 

correlated within local groups than practices that are more standardized. Stronger correlation 

may also be due to the fact that medical training often occurs in VA facilities that are 

associated with local University medical centers with similar practice patterns. Other 

possible explanations based on prior research include regional patterns in referral or testing 

biases based on risk aversion,33,34 differences in supply,35 or differences in physician 

training.36

Although the range of TTE use rates was higher in the Medicare cohort compared with the 

VA cohort, there was no difference in the coefficient of variation, suggesting that the 

relative degree of geographic variation was similar for both cohorts. Although some studies 

have suggested that physician-level factors including payment mechanisms may influence 

regional variations,37–39 our study findings are consistent with others that found that wide 

variation exists despite radically different financial incentives.19,24 Indeed, a recent Institute 

of Medicine report found that wide variation in spending and procedure use exists and is 

unexplained by age, sex, health status, insurance plan factors, or market-level 

characteristics.40 Because the report was based on data largely from FFS Medicare and 

commercial insurance providers, our study extends this prior research by showing that 

integrated, fixed budget systems such as the VA might exhibit a similar relative degree of 

variation compared with other payment systems. Since its transformation in the 1990s, the 

VA health care system has emphasized features such as accountability, integrated care 

delivery, quality measurement, performance incentives, and global budgets.41 If significant 

variation exists despite this emphasis and variation is locally correlated between FFS and 

fixed-budget health systems, policies targeting high-use areas may not effectively foster 

more efficient care even if they reduce geographic variation.

Our study has several limitations. First, unmeasured differences between VA and Medicare 

patients could have contributed to the difference in use of TTE. Although our propensity 

score match is likely to have controlled for some of these differences (particularly 
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differences that would have significantly affected mortality), certain clinical characteristics 

such as type of HF (ie, preserved vs reduced ejection fraction), stage of HF or severity of 

symptoms, whether the cause of death was HF, and patient preferences could not be 

measured. Second, we were unable to assess the degree to which use and variation were 

affected by clinical appropriateness of echocardiograms. Third, veterans who choose to use 

the VA as their primary source of medical care after age 65 years may have inherently 

different socioeconomic and clinical characteristics than veterans that choose FFS Medicare 

as their primary insurer, and the “correct” rate of use of echocardiography may be different 

in these populations.

Conclusion

Echocardiography use rates were significantly higher in a Medicare cohort compared with a 

propensity-matched VA cohort of veterans with HF, suggesting that TTE use rates may be 

strongly influenced by the differing characteristics of health care systems. The relative 

degree of geographic variation was similar and regionally correlated between the VA and 

Medicare cohorts, suggesting that local practice styles influence imaging rates irrespective 

of payment models. Novel reimbursement policies that emphasize current characteristics of 

the VA health care system including accountability, integrated care delivery, quality 

measurement, and global budgets may be an effective means of controlling growth of 

imaging testing rates while preserving quality of imaging services.
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Figure 1. 
Kaplan-Meier survival analysis by health system. There was no significant difference in 

mortality between veterans in the VA cohort compared with veterans in the Medicare cohort 

(52.0% vs 52.4%, log-rank P = .75).
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Figure 2. 
Annual use of echocardiography per veteran by health system. This figure displays the 

number of TTEs received each year by veterans in the VA and Medicare cohorts, among 

veterans who received at least 1 TTE during the study period.
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Figure 3. 
Geographic variation and correlation in use of echocardiography. For each cohort, adjusted 

mean rate of echocardiography (y-axis) is displayed according MSA (x-axis). Spearman 

correlation coefficient = 0.58 (P < .001).
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Table I

Characteristics of the VA and propensity-matched medicare cohorts*

VA cohort (n = 15,202) Medicare cohort (n = 15,202) P

Age (y) .27

 65-69 22 21

 70-74 21 21

 75-79 23 23

 80-84 20 21

 85-100 14 14

Women 2 2 .63

Median household income ($) .19

 <35,000 7 8

 35,000-44,999 21 21

 45,000-54,999 46 44

 55,000-64,999 14 14

 65,000-74,999 7 7

 >75,000 5 6

Comorbidities

 Ischemic heart disease 53 53 .73

 Chronic kidney disease 18 18 .45

 Pulmonary disease 29 29 .26

 Diabetes mellitus 36 35 .09

 Hypertension 80 81 .12

 Stroke/transient ischemic attack 8 8 .83

 Cancer (colorectal, lung, prostate, or breast) 16 16 .40

Cardiac procedures

 Percutaneous coronary intervention 18 18 .59

 ICD 7 7 .41

 Coronary artery bypass 2 2 .86

 Valve repair/replacement 1 1 .58

 Transplant/ventricular assist device <1 <1 .33

Year of diagnosis of HF .17

 Before 2007 39 40

 2007 15 16

 2008 15 15

 2009 16 15

 2010 16 15

Hospitalized for HF during study period 17 12 <.01

Died during study period 52 52 .23

*
Data are percentages.
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