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Trends in imaging utilization are of great interest to ra-
diologists (1–12) to assess the stability and growth of 

their practices. Policy makers have also been interested, 
particularly since publication of a study by Iglehart (13) 
that showed between 2000 and 2007, diagnostic imaging 
was the most rapidly growing of all physician services in 
the Medicare population.

Because of data availability and reliability, most utiliza-
tion reporting has relied on Medicare data sets. Although 
the commercially insured comprise a much larger popula-
tion than do Medicare recipients, only a few investigators 
have attempted to ascertain imaging utilization trends in 
various commercially insured populations (1–3,6,7,10). 

Furthermore, the methodologies used to categorize imag-
ing in those studies differed considerably. As a result, there 
is no reliable comparison of diagnostic imaging utilization 
rates between the Medicare population and the commer-
cially insured.

Our main goal was to report the utilization rates of 
noninvasive diagnostic imaging (NDI) in a commercially 
insured population and to compare them with rates in 
Medicare fee-for-service enrollees by using the same care-
fully defined aggregation of imaging codes. We hypothe-
sized declining trends after the late 2000s in overall imag-
ing utilization across modalities, with Medicare enrollees 
having the highest overall rate, followed by commercially 
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Background:  Trends in noninvasive diagnostic imaging (NDI) utilization rates have predominantly been reported in Medicare enroll-
ees. To the authors’ knowledge, there has been no prior direct comparison of utilization rates between Medicare and commercially 
insured patients.

Purpose:  To analyze trends in NDI utilization rates by modality, comparing Medicare fee-for-service and commercially insured 
enrollees.

Materials and Methods:  This study was a retrospective trend analysis of NDI performed between 2003 and 2016 as reported in 
claims databases for all adults enrolled in fee-for-service Medicare and for roughly 9 million commercially insured patients per 
year. The commercially insured patients were divided into two populations: those aged 18–44 years and those aged 45–64 years. 
The same procedure code definitions for NDI were applied to both Medicare and commercial claims, rates were calculated per 
1000 enrollees, and trends were reported over time in aggregate followed by modality (CT, MRI, nuclear imaging, echocardiog-
raphy, US, radiography). Join-point regression was used to model annual rates and to identify statistically significant (P , .05) 
changes in trends.

Results:  In almost all instances, Medicare enrollees had the highest utilization rate for each modality, followed by commercially 
insured patients aged 45–64 years, then aged 18–44 years. All three populations showed utilization growth through the mid to late 
2000s (images per 1000 enrollees per year for Medicare: 91 [95% confidence interval {CI}: 34, 148]; commercially insured patients 
aged 45–64 years: 158 [95% CI: 130, 186]; aged 18–44 years: 83 [95% CI: 69, 97]), followed by significant declining trends from 
the late 2000s through early 2010s (images per 1000 enrollees per year for Medicare: 2301 [95% CI: 2510, 292]; commercially 
insured patients aged 45–64 years: 254 [95% CI: 269, 239]; aged 18–44 years: 226 [95% CI: 231, 221]) coinciding with 
code-bundling events instituted by Medicare (CT, nuclear imaging, echocardiography). There were significant trend changes in 
modalities without code bundling (MRI, radiography, US), although flat trends mostly were exhibited. After the early 2010s, there 
were significant trend changes largely showing flat utilization growth. The notable exception was a significant trend change to re-
newed growth of CT imaging among commercially insured patients aged 45–64 years and Medicare enrollees after 2012, although 
at half the prior rate (images per 1000 enrollees per year for Medicare: 17 [95% CI: 6, 28]; commercially insured patients aged 
45–64 years: 11 [95% CI: 2, 20]).

Conclusion:  Noninvasive diagnostic imaging utilization trends among commercially insured individuals are similar to those in 
Medicare enrollees, although at lower rates. Earlier rapid growth has ceased and, except for CT, utilization has stabilized since the 
early 2010s.
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insured individuals aged 45–64 years, and commercially in-
sured individuals aged 18–44 years having the lowest utiliza-
tion rate.

Materials and Methods

Study Design
We designed a retrospective observational study of annual 
time series and reported annual utilization rates of discretion-
ary NDI. We defined “discretionary” as imaging tests ordered 
by a referring physician at his or her discretion as part of the 
work-up of a patient’s clinical condition. In contrast, inter-
ventional radiologic procedures are typically not discretion-
ary; they are mandated by the patient’s clinical condition and 
therefore were excluded from our analysis. We reported rates 
separately for three distinct groups: Medicare fee-for-service 
enrollees of all ages, commercially insured adults aged 18–44 
years, and commercially insured adults aged 45–64 years. We 
reported total imaging procedure rates for the three groups, 
then rates for specific imaging modalities (CT, MRI, nuclear 
imaging including PET, echocardiography, noncardiac US, 
and radiography). Medicare-only trends from 2008–2014 
were reported previously (6). This article compares a lon-
ger length of Medicare data versus commercial claims and 
also fits trends and identifies statistically significant changes 
in trends. The Medicare Physician-Supplier Procedure Sum-
mary Master Files are aggregated public-use files that contain 
no patient or physician identifiers and are therefore exempt 
from institutional review board review. The use of the deiden-
tified data sets (Optum Clinformatics Data Mart Database; 
Optum, Eden Prairie, Minn) for this study was approved by 
the University of Texas Southwestern Medical Center insti-
tutional review board and the Harvard Pilgrim Health Care 
Institute institutional review board.

Study Data 
Medicare claims were obtained from the nationwide Medicare 
Part B Physician-Supplier Procedure Summary for 2003–2016. 
The files cover all Medicare fee-for-service enrollees (35.8 mil-
lion in 2003; 39.2 million in 2016) and thus represent a popu-
lation rate. Commercial claims were obtained from the Op-
tum database, an administrative and medical claims data set. 
The Optum data were available for 2003–2016. Optum data 
are derived from a large national health insurer (10.5 million 
enrollees in 2003; 9.3 million in 2016). Although this data-
base is large, it is not specifically considered to be nationally 
representative.

Imaging Definitions
In both sets of claims, procedures were coded according to Cur-
rent Procedural Terminology, Fourth Edition. The included 
codes were for all NDI examinations in the 70000 series of 
the Current Procedural Terminology, Fourth Edition manual, 
and those in the 90000 series that covered echocardiography 
and vascular US. Also included were those Level III codes in 
the Healthcare Common Procedure Coding System that de-
noted NDI. We included MR and CT angiography codes. We 
included patients in all places of service: inpatients, patients in 
emergency departments, and outpatients seen in private offices 
and hospital outpatient facilities.

We excluded a number of nuclear medicine examinations 
that are laboratory tests; they involve use of radionuclide tech-
niques but are not diagnostic imaging examinations (eg, thy-
roid uptake, red cell survival, urea breath test, vitamin B12 
absorption). We excluded adjunctive codes to procedures, 
such as computer-aided detection for mammography, consul-
tations regarding outside studies, three-dimensional render-
ing, and image postprocessing. We also excluded “unlisted” 
fluoroscopic, radiographic, CT, and MRI procedures. Finally, 
to avoid double counting the same examination when there 
were two separate partial claims, we tabulated only the global 
and professional components of claims, excluding the techni-
cal component. Codes were grouped according to modality: 
CT, MRI, echocardiography, noncardiac US, nuclear medi-
cine, bone densitometry, and radiography. The latter included 
mammography and fluoroscopy. Given the predominant use of 
bone densitometry in adults older than 65 years, we excluded 
this category from our analysis.

Code Bundling
In 2009–2011, Medicare (with commercial insurers follow-
ing suit) instituted three modality-specific code bundles, con-
solidating multiple codes that often were added to one larger 
procedure. In 2009, Medicare bundled spectral Doppler and 
color Doppler flow imaging studies together with the primary 
echocardiography codes, consolidating three separate claims 
into one. In 2010, Medicare bundled radionuclide myocardial 
perfusion imaging together with left ventricular wall motion 
and left ventricular ejection fraction studies, turning three 
separate codes into one. In 2011, Medicare bundled the codes 
for CT of the abdomen and CT of the pelvis into single codes 
that were based on the use of contrast material (ie, a single code 

Abbreviations
NDI = noninvasive diagnostic imaging, RVU = relative value unit

Summary
With regard to nationwide trends in imaging utilization for 
Medicare enrollees and commercially insured adults, growth oc-
curred through the late 2000s followed by stabilized or declining 
trends after 2010, even for modalities without code bundling, with 
notable exceptions.

Key Results
	n For both Medicare and commercially insured adults, a signifi-

cant (P , .05) reversal of growth was found in noninvasive 
diagnostic imaging (NDI) by the late 2000s (CT, nuclear 
imaging, echocardiography) and stabilization of growth for 
modalities in which code bundling did not occur (MRI, US, 
radiography).

	n After 2010, overall flattening of growth was found in NDI  
utilization (MRI, nuclear imaging, US, echocardiography,  
radiography).

	n However, significant trends were found in increasing CT imaging 
for commercially insured patients aged 45–64 years and Medicare 
enrollees of all ages in recent years (2012–2016).
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with numeric details and join-point analyses shown in the Table. 
Reported imaging rates are raw rates, not the fitted rates.

Total NDI utilization rates are shown in Figure 1. The group 
of commercially insured 18- to 44-year-olds started with an 
NDI utilization rate of 868 per 1000 enrollees in 2003; the rate 
peaked in 2009 at 1188, then declined to 982 in 2016. Com-
mercially insured 45- to 64-year-olds started 2003 with an NDI 
rate of 1586; the rate peaked in 2008 at 2175, declined through 
2014 to 1849, then increased through 2016 to 1979. The Medi-
care NDI rate started at 3873 in 2003, increased to a high of 
4422 in 2008, and then declined to 3410 by 2016. We noted 
increasing trends that significantly reversed to declining trends 
after year 2007–2008 for the three groups; afterward, there were 
flat trends in utilization for Medicare enrollees and commercially 
insured 45- to 64-year-olds.

Trends in Individual Imaging Modalities
Figure 2 shows CT imaging trends. We noted significant rever-
sals of upward trends after 2009 in all three groups, through 
CT code bundling in 2011. Thereafter, significant growth 
trends resumed in the Medicare enrollees and the commercially 
insured 45- to 64-year-olds, at roughly half the rate of growth 
trends before 2009, but use stabilized in the commercially in-
sured 18- to 44-year-olds.

Figure 3 shows MRI trends. Steady growth trends in all three 
groups were seen until 2006–2007, after which significant trend 
changes led to flat growth. In the group of patients aged 18–44 
years, there was a slightly declining trend (a decrease of three im-
ages per 1000 enrollees per year) after 2009.

Figure 4 shows nuclear imaging trends including PET and 
myocardial perfusion imaging. All three groups showed mod-
est to no significant growth through 2006, then gradual decline 
through 2009. After the large artifactual drop that followed code 
bundling in 2010, there were nonsignificant declining trends in 
all three groups.

Figure 5 shows echocardiography imaging trends. All three 
groups exhibited similar trends, with progressive rapid growth 
through 2008 (Medicare: 25 images per 1000 enrollees per year; 
patients aged 45–64 years: 18 per 1000 per year; patients aged 
18–44 years: six per 1000 per year). Following significant trend 
reversals and code bundling in 2009, there were modest to no 
significant declining trends through 2016.

Figure 6 shows noncardiac US imaging trends. The group 
of 18- to 44-year-olds showed strongest growth through 2010 
(initially a significant trend of 33 images per 1000 per year, then 
19), with a change to a flat trend thereafter. Both the 45- to 
64-year-olds and the Medicare enrollees began with similar 
growth rate trends through 2008 and 2009 (16 and 19 images 
per 1000 per year, respectively). During the subsequent years, 
the two groups had significant changes to flat trends.

Figure 7 shows radiographic imaging trends. The Medicare 
group had the highest initial imaging rate (2059 examinations 
per 1000 enrollees vs 816 and 385 for patients aged 45–64 years 
and 18–44 years, respectively) in 2003, with a steadily moder-
ately declining trend (decrease of 20 images per 1000 enrollees 
per year) without any significant trend through 2016. Patients 
aged 45–64 years had the highest initial growth (39 per 1000 

for the combined examination without use of contrast mate-
rial, another code for the contrast material–enhanced study, 
and another code for the procedure without contrast material 
followed by use of contrast material).

Statistical Analysis
We tabulated imaging codes, then generated rates per 1000 
enrollees. Although we had large population-level counts, we 
sought to generate standard errors for analysis. After generat-
ing annual enrollment denominator counts, we took 10 ran-
dom 10% samples from each of the three groups, tabulated a 
numerator count of images from that sample, and then used 
the 10 samples to generate mean rates and standard errors. We 
used these to calculate 95% confidence intervals for the annual 
rates, but we did not report them because the standard errors 
were too small to be reportable with our denominator of per 
1000 enrollees (eg, standard error of 0.0012 per 1000 enrollees 
for an annual rate of 868 per 1000 enrollees), reflecting our 
population-level sample sizes. Differences between rates across 
the three groups were all statistically significant.

We generated fitted linear regression trends and annual 
percentage changes (reported here as rates of images per 1000 
enrollees per year) to establish trends in growth by using sta-
tistical software (Joinpoint Regression Program, version 4.5.0.1; 
Statistical Methodology and Applications Branch, Surveil-
lance Research Program, National Cancer Institute, Bethesda, 
Md). Joinpoint generates intercept and annual percent change, 
then uses the grid-search method (14) to fit a regression with 
unknown join points. It conducts permutation tests by using 
Monte Carlo methods (15) to establish statistically significant 
(P , .05) trends and join points (16), or inflection points or 
changes in trend. Initial rates, initial growth rates, each signifi-
cant change in trend and subsequent growth rate, and year of 
trend change are shown in the Table.

Data analysis was performed with software (SAS, version 9.4 
for Windows; SAS Institute, Cary, NC; and Joinpoint).

Results
Among the commercially insured adults aged 18–44 years, 
there were 5.3 million enrollees (51.4% female) in 2003 and 
4.9 million enrollees in 2016 (48.8% female). Commercially 
insured adults aged 45–64 years numbered 3.3 million in 
2003 (51.1% female) and 4.0 million in 2016 (50.4% female). 
Among Medicare Part B enrollees of all ages (35.8 million in 
2003, 39.2 million in 2016), 54.0% were female in 2013.

Overall Imaging Trends
For total NDI and each imaging modality, the Medicare group 
almost always had the highest utilization rates. Commercially 
insured 45- to 64-year-olds had the next highest utilization 
rates, and commercially insured 18- to 44-year-olds had the 
lowest. The only exception was for noncardiac US, for which 
the 18- to 44-year-olds had consistently higher utilization rates 
than did the 45- to 64-year-olds.

We illustrate all utilization rate trends in Figures 1–7 for each 
of the three groups; imaging rates, statistically significant trends, 
and trend changes are summarized in the following sections, 
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in utilization rates for CT in 2011, nuclear imaging in 2010, 
and echocardiography in 2009. Each of these drops was sub-
sequent to code bundling of high-volume codes. Broadly 
speaking, noninvasive diagnostic imaging (NDI) trends were 
similar across Medicare fee-for-service enrollees and commer-
cially insured adults aged 18–44 years and aged 45–64 years: 
increasing use from 2003 through the mid to late 2000s, with 
declining or stabilized use rates after 2010. In CT, following 
code bundling in 2011, the overall utilization rate remained 
flat in the youngest age group but significantly increased in 
both the 45- to 64-year age group and the Medicare group.  
Although there was no code bundling in MRI, noncardiac 

per year), followed by a significant change to a nonsignificant 
declining trend after 2009. Patients aged 18–44 years had mod-
erate growth (21 per 1000 per year) with a change to nonsignifi-
cant growth after 2006, and a final change to a steadily declining 
trend after 2009.

Discussion
We examined trends in imaging utilization rates during more 
than a decade (2003–2016), comparing Medicare fee-for-
service enrollees and a large commercially insured population 
of adults by using the same imaging definitions. The most 
dramatic changes were the sharp significant (P , .05) drops 

Imaging Rates, Trends, and Trend Changes by Insurance Age Group, Based on Joinpoint Analysis from 2003–2016

Variable and Age 
Group 2003 Imaging Rate Initial Trend*

Year of 
First  
Trend 
Change Second Trend*

Year of  
Second  
Trend  
Change Third Trend* 2016 Imaging Rate

All imaging
  Commercially  
  �  insured, aged 

18–44 y

870 (867, 873) 83 (69, 98) 2007 226 (231, 221) … … 972 (967, 977)

  Commercially  
  �  insured, aged 

45–64 y

1577 (1565, 1589) 158 (130, 187) 2007 254 (270, 239) 2014 73 (230, 175) 1976 (1975, 1978)

  Medicare, all ages 3876 (3693, 4060) 91 (34, 149) 2008 2301 (2510, 293) 2011 213 (253, 27) 3363 (3359, 3367)
CT
  18–44 y† 94 (94, 95) 12 (11, 14) 2009 224 (235, 213) 2012 1 (22, 4) 102 (102, 103)
  45–64 y† 174 (170, 177) 24 (21, 28) 2009 236 (266, 25) 2012 11 (2, 20) 259 (253, 266)
  Medicare† 471 (439, 503) 32 (23, 41) 2009 261 (299, 224) 2012 17 (6, 28) 547 (542, 552)
MRI
  18–44 y† 56 (55, 57) 8 (7, 10) 2006 1 (22, 5) 2009 23 (23, 22) 66 (66, 67)
  45–64 y† 100 (98, 102) 14 (12, 17) 2007 0 (21, 0) … … 156 (154, 158)
  Medicare† 145 (110, 179) 15 (8, 23) 2006 22 (24, 0) 2013 4 (22, 11) 191 (190, 192)
Nuclear imaging
  18–44 y† 30 (26, 34) 0 (21, 1) 2008 27 (211, 22)‡ 2011 21 (21, 0) 8 (7, 8)
  45–64 y† 145 (110, 179) 4 (0, 9) 2008 236 (250, 222)‡ 2011 22 (24, 1) 49 (47, 50)
  Medicare† 274 (267, 281) 20 (6, 34) 2007 270 (2136, 24)‡ 2010 29 (216, 22) 89 (87, 92)
Echocardiography
  18–44 y† 56 (51, 60) 6 (5, 7) 2007 215 (219, 211)‡ 2010 21 (22, 0) 29 (29, 29)
  45–64 y† 149 (135, 162) 18 (12, 23) 2007 240 (252, 229)‡ 2010 0 (21, 2) 99 (97, 100)
  Medicare† 533 (518, 549) 25 (10, 40) 2007 2137 (2174, 2100)‡ 2010 2 (23, 8) 236 (229, 243)
US
  18–44 y† 245 (236, 254) 33 (28, 38) 2006 19 (12, 25) 2010 22 (24, 0) 409 (408, 410)
  45–64 y† 185 (138, 233) 16 (13, 20) 2009 4 (2, 6) … … 311 (308, 314)
  Medicare† 349 (316, 381) 19 (12, 26) 2008 22 (24, 0) … … 427 (424, 430)
Radiography
  18–44 y† 383 (378, 387) 21 (11, 30) 2006 4 (213, 21) 2009 214 (216, 211) 365 (364, 365)
  45–64 y† 825 (808, 843) 39 (32, 47) 2009 26 (210, 21) … … 1021 (1010, 1031)
  Medicare† 2160 (1961, 2358) 220 (232, 29) … … … … 1895 (1893, 1897)

Note.—Unless otherwise specified, data are imaging rates per 1000 patients, with 95% confidence intervals in parentheses. Ellipses indicate 
no significant trend change detected with Joinpoint Regression Program (version 4.5.0.1; Statistical Methodology and Applications Branch, 
Surveillance Research Program, National Cancer Institute, Bethesda, Md).
* Data are images per 1000 patients per year, with 95% confidence intervals in parentheses.
† Commercially insured patients aged 18–44 years; commercially insured patients aged 45–64 years; Medicare fee-for-service enrollees, all ages.
‡ Inflection points and trends are not adjusted for code-bundling events that collapsed several related codes into single code for CT, nuclear 
imaging, and echocardiography.
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patients aged 18–44 years, no 
further noncardiac US growth 
occurred after the late 2000s, 
but a continued slow increase 
was seen in the 45- to 64-year 
age group. The reason for this is 
not apparent.

In 2009–2011, the Centers 
for Medicare & Medicaid Ser-
vices enacted code bundling to 
reduce payments for physician 
services that it considered mis-
valued and that were used to-
gether at least 75% of the time 
(17,18). Commercial insurers 
followed suit.

When the Centers for Medi-
care & Medicaid Services bun-
dled codes and assigned relative 
value units (RVUs) to the new 
code, the new RVUs were lower 
than the sum of the RVUs for 
the older codes. For example, 
the total RVUs for transtho-
racic echocardiography plus 
the spectral Doppler and color 
Doppler flow imaging add-ons 
amounted to 9.52 before bun-
dling. After bundling in 2009, 
the single new code (93306) 
had an RVU of 7.42, a de-
crease of 22%. The total RVUs 
for SPECT with exercise and 
at rest plus the add-on codes 
for left ventricular wall motion 
and ejection fraction amounted 
to 16.48. After the three pro-
cedures were bundled together 
in 2010, the single new code 
(78452) had an RVU total of 
10.53, a decrease of 36%. The 
total RVUs for CT of the abdo-
men with contrast material plus 
CT of the pelvis with contrast 
material amounted to 18.63 
prior to 2011. After bundling, 
the new code (74177) had an 

RVU total of 10.04, a decrease of 46%.
Because these were high-volume codes within their respec-

tive modalities, the bundling not only affected overall utiliza-
tion rates, but also reduced Medicare spending on those mo-
dalities. Under the Medicare Physician Fee Schedule, total 
payments to physicians for echocardiography in 2008 were 
$1.634 billion and dropped 18% to $1.346 billion in 2009. 
Nuclear imaging payments in 2009 totaled $1.799 billion and 
were 21% lower, at $1.414 billion, after myocardial perfusion 
imaging code bundling. After code bundling of CT of the 

US, or radiography, we also found stabilization in trends 
across all three groups around the same period. The afore-
mentioned trends suggest that slowing growth of NDI after 
the late 2000s was driven by factors other than code bundling 
events in 2009–2011.

In contradistinction to the other modalities, utilization rates 
for noncardiac US among commercially insured patients aged 
18–44 years were considerably greater than those among com-
mercially insured patients aged 45–64 years, likely because of 
higher use during pregnancy. Among Medicare enrollees and 

Figure 1:  Graph shows utilization rates of all noninvasive diagnostic imaging by insurance age group, based on analysis 
with Joinpoint Regression Program (version 4.5.0.1; Statistical Methodology and Applications Branch, Surveillance Research 
Program, National Cancer Institute, Bethesda, Md). Solid lines are modeled trends; dotted lines are observed rates.

Figure 2:   Graph shows utilization rates of CT by insurance age group, based on analysis with Joinpoint Regression Pro-
gram (version 4.5.0.1; Statistical Methodology and Applications Branch, Surveillance Research Program, National Cancer 
Institute, Bethesda, Md). Code bundling occurred in 2010–2011, denoted by gray bar. Solid lines are modeled trends; 
dotted lines are observed rates.
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a number of pitfalls that char-
acterized these prior studies, 
including the following: (a) no 
indication of whether interven-
tional procedures were included; 
(b) no indication of whether 
technical-component claims 
were included, which would 
have led to double counting; (c) 
not covering all modalities; (d) 
counting only outpatients and 
excluding inpatients and emer-
gency department patients; and 
(e) possible failure to include the 
NDI codes in the 90000 series 
for echocardiography and vas-
cular US. In our study, exactly 
the same set of coding conven-
tions was used for both Medi-
care and commercial insurance 
claims, and we were very care-
ful to include only codes that 
truly reflected NDI. Thus, our 
estimates of utilization rates are 
more reliably comparable across 
Medicare fee-for-service enroll-
ees and commercially insured 
adults.

The persistently higher utili-
zation of NDI in the Medicare 
population can be explained by 
the higher burden of disease in 
older patients. The reasons for 
the slowdown in imaging use 
in recent years are less clear. 
One likely factor affecting the 
commercially insured popu-
lation is the requirement for 
preauthorization for advanced 
imaging studies through ra-
diology benefit management 
companies (11). Preauthori-
zation creates a barrier to the 
ordering of advanced imaging, 
which may deter some refer-
ring providers from obtaining 
such studies. Another possible 

factor affecting the commercially insured is the implementa-
tion of high-deductible health plans and other forms of cost 
sharing in recent years (19). Commercial enrollees who have 
such plans often face a high burden of cost sharing and may 
be less willing to undergo these expensive examinations (20). 
However, other studies have not found evidence that patients 
in these types of commercial plans differentially reduce their 
radiology utilization (21,22).

The Medicare slowdown could be due to other factors, such 
as accountable care organizations (although these comprise a 

abdomen and pelvis, total payments to physicians decreased by 
15%, from $2.038 billion in 2010 to $1.725 billion in 2011.

Our findings extended those reported in the literature: 
namely, rapid increases in imaging in the early years of the study, 
then a slowdown in imaging utilization rates among Medicare 
fee-for-service enrollees. In addition, our study, for the first time 
to our knowledge, demonstrated that similar trends existed in 
the two different age groups of commercially insured patients. 
There have been only a few previous studies of imaging use in 
commercially insured patients (1–3,6,7,10). Our study avoided 

Figure 3:   Graph shows utilization rates of MRI by insurance age group, based on analysis with Joinpoint Regression 
Program (version 4.5.0.1; Statistical Methodology and Applications Branch, Surveillance Research Program, National Can-
cer Institute, Bethesda, Md). Solid lines are modeled trends; dotted lines are observed rates.

Figure 4:   Graph shows utilization rates of nuclear imaging (including PET) by insurance age group, based on analysis 
with Joinpoint Regression Program (version 4.5.0.1; Statistical Methodology and Applications Branch, Surveillance Research 
Program, National Cancer Institute, Bethesda, Md). Code bundling occurred in 2009–2010, denoted by gray bar. Solid 
lines are modeled trends; dotted lines are observed rates.
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These potential explanations 
do not account for some of the 
overall similarities in trends 
across the three groups. Because 
Medicare fee-for-service uses 
neither preauthorization nor 
high-deductible health plans, 
it is of interest that the imag-
ing slowdowns and subsequent 
trends among its enrollees were 
similar to those in the com-
mercially insured population. A 
host of other factors may poten-
tially explain these similarities, 
including commercial alterna-
tive payment programs that 
mirror the Medicare account-
able care organizations, bundled 
payment programs, overall con-
cerns about radiation exposure 
and costs, reimbursement cuts, 
or greater adherence to appro-
priate use criteria by ordering 
clinicians (11). Given the tim-
ing of imaging rate slowdown in 
the mid to late 2000s, this may 
also reflect the effects of broader 
economic recession on health 
expenditures.

It is unclear what accounts 
for the gradual uptick in growth 
of CT imaging among older 
adults in recent years. It is pos-
sible that hospital facilities with 
CT scanners are offsetting prior 
code bundling to maintain rev-
enues, but why this is apparent 
only in CT imaging is not obvi-
ous. This is certainly worthy of 
further study.

Our study presented, for the 
first time to our knowledge, in-
formation about imaging utili-
zation in commercially insured 
adults in a manner that enables 
direct comparison with the 
Medicare fee-for-service popu-

lation. The most important findings for radiologists and policy 
makers are the apparent concordance in broader utilization 
trends between commercial insurance and Medicare fee-for-ser-
vice, and the stabilization of growth rates even among modalities 
in which code bundling did not occur, with some notable excep-
tions. We suggest that future studies investigate whether the in-
creasing trends in CT imaging for commercially insured patients 
aged 45–64 years and Medicare recipients in the latter years of 
our study are clinically appropriate, because of the risks of radia-
tion exposure and the additional costs in these populations.

minority of providers) or spillover effects from managed Medi-
care (Medicare Advantage). The latter refers to the likelihood that 
busy clinicians often do not differentiate between their Medicare 
fee-for-service patients, who do not need preauthorization, and 
their Medicare Advantage patients, who usually do. Another po-
tential contributor could be the Deficit Reduction Act of 2005, 
which took effect in 2007 and sharply reduced Medicare techni-
cal component reimbursements for advanced imaging in private 
offices. Although the Deficit Reduction Act did reduce reim-
bursement, its effect on utilization is less clear (23).

Figure 5:   Graph shows utilization rates of echocardiography by insurance age group, based on analysis with Joinpoint 
Regression Program (version 4.5.0.1; Statistical Methodology and Applications Branch, Surveillance Research Program, 
National Cancer Institute, Bethesda, Md). Code bundling occurred in 2008–2009, denoted by gray bar. Solid lines are 
modeled trends; dotted lines are observed rates.

Figure 6:   Graph shows utilization rates of noncardiac US by insurance age group, based on analysis with Joinpoint 
Regression Program (version 4.5.0.1; Statistical Methodology and Applications Branch, Surveillance Research Program, 
National Cancer Institute, Bethesda, Md). Solid lines are modeled trends; dotted lines are observed rates.
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