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IMPORTANCE Medical imaging increased rapidly from 2000 to 2006, but trends in recent
years have not been analyzed.

OBJECTIVE To evaluate recent trends in medical imaging.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study of patterns of medical
imaging between 2000 and 2016 among 16 million to 21 million patients enrolled annually in
7 US integrated and mixed-model insurance health care systems and for individuals receiving
care in Ontario, Canada.

EXPOSURES Calendar year and country (United States vs Canada).

MAIN OUTCOMES AND MEASURES Use of computed tomography (CT), magnetic resonance
imaging (MRI), ultrasound, and nuclear medicine imaging. Annual and relative imaging rates
by imaging modality, country, and age (children [<18 years], adults [18-64 years], and older
adults [=65 years]).

RESULTS Overall, 135 774 532 imaging examinations were included; 5 439 874 (4%) in
children, 89 635 312 (66%) in adults, and 40 699 346 (30%) in older adults. Among adults
and older adults, imaging rates were significantly higher in 2016 vs 2000 for all imaging
modalities other than nuclear medicine. For example, among older adults, CT imaging rates
were 428 per 1000 person-years in 2016 vs 204 per 1000 in 2000 in US health care systems
and 409 per 1000 vs 161 per 1000 in Ontario; for MRI, 139 per 1000 vs 62 per 1000 in the
United States and 89 per 1000 vs 13 per 1000 in Ontario; and for ultrasound, 495 per 1000
vs 324 per 1000 in the United States and 580 per 1000 vs 332 per 1000 in Ontario.

Annual growth in imaging rates among US adults and older adults slowed over time for CT
(from an 11.6% annual percentage increase among adults and 9.5% among older adults in
2000-2006 to 3.7% among adults in 2013-2016 and 5.2% among older adults in 2014-2016)
and for MRI (from 11.4% in 2000-2004 in adults and 11.3% in 2000-2005 in older adults to
1.3% in 2007-2016 in adults and 2.2% in 2005-2016 in older adults). Patterns in Ontario
were similar. Among children, annual growth for CT stabilized or declined (United States:
from 10.1% in 2000-2005 to 0.8% in 2013-2016; Ontario: from 3.3% in 2000-2006

to -5.3% in 2006-2016), but patterns for MRI were similar to adults. Changes in annual
growth in ultrasound were smaller among adults and children in the United States and
Ontario compared with CT and MRI. Nuclear medicine imaging declined in adults

and children after 2006.

CONCLUSIONS AND RELEVANCE From 2000 to 2016 in 7 US integrated and mixed-model
health care systems and in Ontario, rates of CT and MRI use continued to increase among
adults, but at a slower pace in more recent years. In children, imaging rates continued to
increase except for CT, which stabilized or declined in more recent periods. Whether the
observed imaging utilization was appropriate or was associated with improved patient
outcomes is unknown.
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se of computed tomography (CT), magnetic resonance

imaging (MRI), and ultrasound in the United States in-

creased rapidly from 2000 to 2006.> Among Medicare
beneficiaries, the increase in utilization was higher for medical
imaging than other physician-provided services.>* Steep in-
creases inimaging can be attributed to technical improvements,
physician and patient demand, and strong financial incentives.
Medical imaging contributes to accurate disease diagnosis and
improved treatment; however, imaging can also increase costs
and patient harms, such as incidental findings, overdiagnosis,
anxiety, and radiation exposure associated with increased risk
of cancer. It has been estimated that 30% or more of imaging ex-
aminations may be unnecessary, costing approximately $30 bil-
lion annually in the United States.® In addition, in a recent study
that compared the United States with 10 other countries on vari-
ous metrics, the United States ranked 1 or 2 in the number of CT
and MRI scans performed per 1000 individuals.®

Potential overuse of diagnostic testing has been addressed
by the American Board of Internal Medicine Foundation’s Choos-
ing Wisely campaign” and by initiatives by payers to reduce
imaging through payment reductions.®° These efforts are fre-
quently cited to have reduced imaging rates among Medicare
beneficiaries.! Most analyses, however, have focused on costs
rather than utilization, and changing billing practices, includ-
ing the bundling of common examinations, makes assessment
of utilization and costs different. Costs may not accurately re-
flect utilization or potential harms associated with imaging. To
date, no large studies have determined recent imaging utiliza-
tion rates across different patient populations, such as popula-
tions in integrated health care systems, and few studies have
assessed imaging patterns over time.®
This study examined medical imaging rates from 2000

through 2016 among individuals enrolled in diverse US inte-
grated health care systems and among individuals residing in
Ontario, Canada, and assessed changes in medical imaging uti-
lization over time by country, health system, and patient demo-
graphic factors.

Methods

Utilization data of CT, MRI, ultrasound, and nuclear med-
icine were obtained from 2000 through 2016 for individuals en-
rolled in 7 US health care systems and individuals living in
Ontario who were eligible for the Ontario Health Insurance Plan.
These sites were selected to provide a sample of US health care
systems with sociodemographic and geographic diversity.
The US systems included Kaiser Permanente (KP) Hawaii, KP
Northern California, and KP Northwest (Oregon), each of which
are fully integrated staff model health maintenance organizations
(HMOs); KP Washington (which was Group Health Cooperative
until 2016), Geisinger (Pennsylvania), Harvard Pilgrim Health
Care (Boston, Massachusetts), and Marshfield Clinic Health Sys-
tem (Wisconsin), all of which are mixed-model insurance plans
in which patients received care within an HMO or a preferred pro-
vider organization under a fee-for-service model of care. One of
the health plans contributed data after 2003. The institutional
review boards of all collaborating institutions and the University
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Key Points

Question What were the trends in medical imaging from 2000
through 2016 in the United States and Ontario, Canada?

Findings In this retrospective cohort study of 135 millionimaging
examinations conducted in 7 US integrated health care systems and
in Ontario, annual growth inimaging rates among US adults and older
adults slowed over time for computed tomography (CT; from an
11.6% annual percentage increase among adults and 9.5% among
older adultsin 2000-2006 to 3.7% among adults in 2013-2016 and
5.2% among older adults in 2014-2016) and for magnetic resonance
imaging (MRI; from 11.4% in 2000-2004 in adults and 11.3% in 2000-
2005 in older adults to 1.3% in 2007-2016 in adults and 2.2%in
2005-2016 in older adults). Patterns in Ontario were similar. Among
children, annual growth for CT stabilized or declined (United States:
from10.1% in 2000-2005 to 0.8% in 2013-2016; Ontario: from 3.3%
in2000-2006 to -5.3% in 2006-2016), but patterns for MRI were
similar to adults. Changes in annual growth in ultrasound were
smaller among adults and children in the United States and Ontario.

Meaning From 2000 to 2016 in 7 US integrated health care systems
and Ontario, CT and MR rates continued to increase among adults,
but at a slower pace in more recent years compared with earlier
years; in children, CT rates stabilized or declined in recent years.

of California, Davis, Statistical Coordinating Center approved the
study, and a waiver of individual consent was obtained.

Data Sources

The US health care systems are members of the National Cancer
Institute-supported Health Care Systems Research Network,'?
and all sites have available electronic health care information
stored in a virtual data warehouse.>'* The virtual data warehouse
is a collaborative data model structure consisting of a series of
data tables with information on all medical care utilization, in-
cluding imaging, among enrollees. Imaging is stored across set-
tings (inpatient, outpatient, and emergency departments) from
clinical and administrative data sources, including electronic
health records. For imaging done outside the health care system,
information is captured via claims data. For Ontario, the Regis-
tered Persons Database was used to identify an eligible popula-
tion. Imaging utilization data were obtained from physician
billing records, inpatient imaging from the Discharge Abstract
Database, surgery-related imaging from the Same-Day Surgery
Database, and emergency department imaging from the National
Ambulatory Care Reporting System. These data sets were linked
using unique encoded identifiers and analyzed at ICES, Toronto,
Ontario, before being aggregated with the US data at the Univer-
sity of California, Davis.

Imaging Utilization

For each calendar year, individuals who were born, continuously
enrolled, or died during that year were included. United States
imaging examinations were coded using a combination of
Current Procedural Terminology'>; International Classification
of Diseases, Ninth Revision, Clinical Modification'® and Interna-
tional Statistical Classification of Diseases, Tenth Revision, Clini-
cal Modification'’; and Healthcare Common Procedure Coding
System'® billing codes, including modifiers for the technical,
physician, or global components. Examinations were included
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irrespective of the physician specialty billing for the study. Some
billing codes changed over time, and all codes were mapped to
an anatomic area and imaging modality to ensure consistency over
time, updating a previously used map.? For Ontario data, Cana-
dian Classification of Health Interventions' codes were used to
create arelational table of codes from the United States with codes
from Canada to compare imaging rates by imaging modality and
anatomicarea. A nonspecificultrasound code was frequently used
in Ontario, making it inaccurate to compare ultrasound within
anatomic areas between the United States and Ontario.
Imaging performed in combination with radiation treat-
ment planning, image processing (ie, manipulation of images
after they were obtained), and imaging reinterpretation were
notincluded. The final map included 4774 unique billing codes.
Overall, both professional and technical billing claims were
used to assess utilization, but to avoid overcounting, only a
single imaging examination per modality and anatomic re-
gion per day were included. This analysis was restricted to CT,
MRI, ultrasound, and nuclear medicine examinations. Within
these modalities, all examination types were included. For ex-
ample, all angiographic studies were included if they used CT,
MRI, ultrasound, or nuclear medicine, and these study types
were included with the specificimaging modality. The full bill-
ing code list of included studies is available from the authors.

Statistical Analyses

All analyses were stratified by country, imaging modality, and age
group (<18 years [children]; 18-64 years [adults]; and =65 years
[older adults]) and account for follow-up time for individuals born
or dying that year. Utilization rates were modeled using overdis-
persed Poisson regression including main effects for examina-
tion year, country, and US system and an interaction term be-
tween examination year and country. Absolute annual rates per
1000 person-years and relative rates (US vs Canada and 2016 vs
2000) with 95% confidence intervals were estimated from the
Poisson regression models. Absolute rates for the United States
were averaged over the US health care systems using equal
weights. Annual rates per 1000 person-years are similar to rates
per 1000 persons except that individuals contributed less than
a full year during years they were born or died.

Joinpoint regression®°-?! was used to identify years with
significant changes in imaging trends over time and to calcu-
late the average annual percentage change (growth) within
fixed time periods (2000-2005, 2006-2011, and 2012-2016) by
imaging modality and anatomic area. Rates and standard er-
rors estimated from the Poisson regression model were en-
tered into the software, which determined the optimal num-
ber of change points and identified up to 3 joinpoints based
on the recommended maximum for the number of observa-
tions. A permutation test was used to select the best model and
determine the number of joinpoints for each subgroup, ap-
plying a Bonferroni correction to the typeI error to correct for
multiple testing. Annual percentage changes and 95% confi-
dence intervals were estimated assuming that the rates change
at a constant percentage every year on a log scale.

As exploratory analyses, annual imaging rates were graphed
and relative imaging rates with 95% confidence intervals were
calculated by imaging modality for each individual health plan,
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by anatomic area for CT and MRI for the United States and On-
tario, and for nuclear medicine and ultrasound overall, and
stratified by US plan type (integrated vs mixed-model plans) af-
ter adjusting for the annual mean Elixhauser comorbidity score®?
and sex. Joinpoint regression was performed using Joinpoint
version 4.7.0.0, and remaining analyses were performed using
SAS version 9.4 (SAS Institute Inc).

. |
Results

Overall, 135 774 532 imaging examinations were included over
310 093 012 person-years; 5439 874 (4%) in children (49.5% fe-
male), 89635312 (66.0%) in adults (50.8% female), and
40699 346 (30%) in older adults (50.0% female) (Table 1). Dis-
tributions of demographic variables were similar across health
care systems; 51% of individuals were female, the Elixhauser co-
morbidity score ranged from 0.07to 0.09in children (mean, 0.08),
from 0.13 to 0.24 in adults (mean, 0.17), and from 0.83 to 1.50 in
older adults (mean, 0.96), and the percentage of pregnant wom-
enranged from 0.83% to 1.14% across US health care systems and
0.95% in Ontario. Rates of CT, MRI, and ultrasound imaging in-
creased over time in the United States and Ontario, whereas
nuclear medicine imaging declined over time (Table 1). For ex-
ample, in the US health care systems, CT imaging increased from
56 per 1000 person-years in 2000 to 141 per 1000 person-years
in 2016, MRI from 16 to 64 per 1000 person-years, ultrasound
from 177to 347 per 1000 person-years, and nuclear medicine from
2810 22 per 1000 person-years (Table 1). The patterns were simi-
larin Ontario: CT increased from 52 per 1000 person-years in 2000
to135 per 1000 person-years in 2016, MRI from 10 to 60 per 1000
person-years, ultrasound from 188 to 386 per 1000 person-years,
and nuclear medicine from 33 to 25 per 1000 person-years.

Adults

Annual imaging rates by imaging modality, age, and country are
shownin Table 2. Imaging rates were higher in 2016 than in 2000
inadults and older adults for CT, MRI, and ultrasound in both the
United States and Ontario. For example, among older adults in
the United States, CT increased from 204 per 1000 person-years
in 2000 to 428 per 1000 person-years in 2016 (relative rate for
2016 compared with 2000, 2.1; 95% CI, 2.0-2.2), and in Ontario,
CTincreased from 161to0 409 per 1000 person-years (relative rate,
2.5;95% CI, 2.4-2.7). Magnetic resonance imaging increased from
62t0139 per 1000 person-years in the United States (relative rate,
2.3;95% CI, 2.0-2.6) and from 13 to 89 per 1000 person-yearsin
Ontario (relative rate, 6.7; 95% CI, 5.7-7.8), and ultrasound in-
creased from 324 to 495 per 1000 person-years in the United
States (relative rate, 1.5; 95% CI, 1.4-1.7) and from 332 to 580 per
1000 person-years in Ontario (relative rate, 1.7; 95% CI, 1.7-1.8).
Among older adults, nuclear medicine declined from 94 to 64
per 1000 person-years in the United States (relative rate, 0.68;
95% CI, 0.63-0.74) and from 87 to 74 per 1000 person-years in
Ontario (relative rate, 0.84; 95% CI, 0.80-0.89).

Imaging Rates Among Adults by Joinpoint Analysis
Annual growth in imaging was similar in the US health care sys-

tems and Ontario (Figure 1 and eFigure 1in the Supplement).
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Figure 1. Annual Change in Imaging Rates per 1000 Person-Years by Imaging Modality, Age, and Country,

Based on Joinpoint Analysis
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Research Original Investigation

Imagingrates for CT amongadults and older adults increased most
rapidly in the early 2000s; in adults, annual growth in CT was
11.6% in the US sites (2000-2006) and 9.2% in Ontario (2000-
2007), and in older adults, annual growth was 9.5% in both the
United States (2000-2006) and Ontario (2000-2007). Growth dur-
ing the next period continued at a slower pace or was flat (-0.5%
among adults [2006-2013] and 0.9% among older adults [2006-
2014]in the United States and 1.3% among adults [2007-2013] and
3.4% among older adults [2007-2016] in Ontario). This was fol-
lowed by areacceleration in growth during recent years for most
groups (annual growth, 3.7% among adults [2013-2016] and 5.2%
among older adults [2014-2016] in the United States and 3.7%
among adults in Ontario [2013-2016]) (Figure 1and eFigure 1).

Patterns of MRI use among adults and older adults in the US
health care systems and Ontario were similar to those observed
for CT. The greatest annual growth in MRI occurred during the
earlier period (11.4% among adults [2000-2004] and 11.3% among
older adults [2000-2005]in the United States and 18.5% among
adults [2000-2008] and 22% among older adults [2000-2007]
in Ontario). There was ongoing but slower annual growth in MRI
during the most recent periods (1.3% in adults [2007-2016] and
2.2%in older adults [2005-2016] in the United States and 4.3%
in adults [2008-2016] and 4.9% in older adults [2010-2016] in
Ontario) (Figure 1and eFigure 1in the Supplement).

Ultrasound imaging increased over time, with less variation
inannual growth over time across adults and older adults (range,
-0.4% t0 7.6%) than observed for CT and MRI (Figure 1and eFig-
urelinthe Supplement). The absolute rates of ultrasound imaging
were higher than for CT and MRI combined among both adults
and older adults. In contrast to the other modalities, nuclear medi-
cine imaging declined consistently after 2008 among adults in
Ontario (-6.7% annually) and after 2007 in other groups (annual
percentage change, —3.8% to -7.6%) (Figure 1 and eFigure 1).

When all imaging tests were combined, there was signifi-
cant ongoing growth in imaging in the most recent time inter-
val (annual percentage change, 4.0% in adults and 3.0% in older
adults [2014-2016] in the United States and 4.3% in adults
[2013-2016] and 3.0% in older adults [2007-2016] in Ontario
(Figure 1 and eFigure 1in the Supplement).

Comparison by Country and Anatomic Area Among Adults

Imaging rates of CT and MRI were higher in US health care sys-
tems compared with Ontario, but these differences dimin-
ished over time. For example, among older adults, in 2000,
CT imaging was 204 per 1000 person-years in the United States
and 161 per 1000 person-years in Ontario (relativerate, 1.3; 95%
CI, 1.2-1.4), whereas in 2016, it was 428 per 1000 person-
years in the United States and 409 per 1000 person-years in
Ontario (relative rate, 1.0; 95% CI, 1.0-1.1) (Table 2). Similarly,
among older adults, in 2000, MRI use was 62 per 1000 in the
United States and 13 per 1000 in Ontario (relative rate, 4.6; 95%
CI, 3.8-5.6), whereas in 2016, it was 139 per 1000 person-
years in the United States and 89 per 1000 person-years in On-
tario (relative rate, 1.6; 95% CI, 1.5-1.7) (Table 2). In contrast,
ultrasound and nuclear medicine imaging was the same or
lower in the United States, and the difference in relative imaging
rates increased over time. In older adults, the relative rate for
ultrasound was 1.0 (95% CI, 0.9-1.1) in 2000 and 0.9 (95% CI,
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0.8-0.9) in 2016; the relative rate for nuclear medicine was 1.1
(95% (I, 1.0-1.2) in 2000 and 0.9 (95% CI, 0.8-0.9) in 2016.

Imaging rates within anatomic areas were similar to the
overall results; CT, MRI, and ultrasound increased and nuclear
medicine declined over time (Figure 2). In 2016, in most ana-
tomic areas imaged with CT or MRI, imaging rates were higher
in the United States compared with Ontario (Table 3). For ex-
ample, in 2016, the relative rate for the United States vs On-
tario for MRI of the spine was 1.36 (95% CI, 1.23-1.59) in adults
and 1.75 (95% CI, 1.59-1.91) in older adults.

The average annual percentage changes in imaging within
fixed time periods stratified by anatomic area are shown in
Table 4. These results stratified by anatomic area are similar to
the overall results; the largest growth occurred between 2000
and 2005, more modest growth between 2006 and 2011, and
ongoing or reacceleration of growth between 2012 and 2016. For
example, between 2000 and 2005, annual growth in CT over-
all among adults aged 18 to 64 years was 11.6% in the United
States and 9.2% in Ontario; for specific anatomic areas, it was
13.6% and 14.8% for CT of the abdomen, 15.8% and 14.1% for
CT of the chest, 6.4% and 4.8% for CT of the head, and 7.4% and
1.7% for CT of the spine in the United States and Ontario, re-
spectively. Annual growth rates among adults aged 18 to 64 years
declined (in the United States) or were lower than earlier (in
Ontario) between 2006 and 2011, and for CT overall and in nearly
all anatomic areas, there was ongoing growth or reacceleration
of growth from 2012 to 2016, with a single exception. Between
2012 and 2016, annual growth in CT overall imaging among
adultsaged 18 to 64 years was 2.6% in the United States and 3.4%
in Ontario; for specific anatomic areas, it was 3.0% and 3.6% for
CT of the abdomen, 3.9% and 6.1% for CT of the chest, 0.4% and
1.0% for CT of the head, and 5.8% and -2.7% for CT of the spine
in the United States and Ontario, respectively. The same pat-
tern was observed for MRI: between 2012 and 2016, in adults,
there was ongoing growth in MRI overall (1.3% in the United
States and 4.3% in Ontario), MRI of the head (1.2% in the United
States and 4.2% in Ontario), and MRI of the spine in Ontario
(2.9%; with no growth in MRI of the spine in the United States).

Children

Annual imaging rates in children by modality and country are
shownin Table 2. Imaging rates were higher in 2016 than in 2000
for CT, MRI, and ultrasound, with a single exception: CT imaging
in Ontario was lower in 2016 than in 2000. In the United States,
CTincreased from 18 to 22 per 1000 person-years (relative rate,
1.2;95% CI, 1.1-1.3), MRIincreased from 9 to 21 per 1000 person-
years (relative rate, 2.3; 95% CI, 2.0-2.5), and ultrasound in-
creased from 30 to 59 per 1000 person-years (relative rate, 2.0;
95% (I, 1.8-2.2). In Ontario, CT declined from 12 to 9 per 1000
person-years (relative rate, 0.8; 95% CI, 0.7-0.8), MRI in-
creased from 4 to 16 per 1000 person-years (relative rate, 4.0;
95% CI, 3.6-4.3), and ultrasound increased from 36 to 85 per
1000 person-years (relative rate, 2.4; 95% CI, 2.3-2.5).

Imaging Rates Among Children by Joinpoint Analysis

Imaging trends in children were similar to adults, with the no-
table exception of a recent decline in CT. For CT, imaging rates
increased most rapidly in the early 2000s; the annual percentage
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Figure 2. Imaging Rates per 1000 Person-Years by Anatomic Area, Imaging Modality, Age, and Country, Based on Joinpoint Analysis
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Table 3. Relative Rates of Imaging for United States vs Ontario by Age and Anatomic Area in 2016

Relative Rate (95% Cl)

Anatomic Area Older Adults (Aged 265 y)

Adults (Aged 18-64 y)

Children (Aged <18 y)

Head
Computed tomography
Magnetic resonance imaging
Spine
Computed tomography
Magnetic resonance imaging
Chest
Computed tomography
Nuclear medicine
Abdomen
Computed tomography
Extremity
Computed tomography
Magnetic resonance imaging

0.94 (0.90-0.97)
1.58 (1.45-1.72)

1.81(1.51-2.17)
1.75(1.59-1.91)

1.02 (0.98-1.07)
0.77 (0.69-0.86)

1.09 (1.04-1.15)

0.73 (0.66-0.80)
1.59 (1.45-1.75)

1.07 (1.01-1.14)
1.21(1.12-1.30)

1.63(1.25-2.12)
1.36 (1.23-1.50)

1.17 (1.10-1.24)
0.63 (0.56-0.70)

1.56 (1.45-1.67)

0.92 (0.84-1.01)
1.47 (1.34-1.61)

2.14 (1.95-2.35)
1.08 (1.00-1.16)

2.96 (2.60-3.36)
1.22 (1.09-1.35)

1.32(1.19-1.48)
0.25 (0.15-0.40)

4.06 (3.59-4.59)

1.22(1.08-1.37)
1.96 (1.76-2.18)

852

change in CT was 10.1% in the United States (2000-2005) and
3.3% in Ontario (2000-2006). In the United States, CT imaging
during the next period continued at a slower pace (0.7% annual
growth between 2005 and 2009), followed by a large reduc-
tion in imaging (-9.1% annual growth), followed by relative stable
imaging after 2013 (0.8% annual growth; 95% CI, -3.6% t0 5.5%)
(Figure 1and eFigure 1in the Supplement). In Ontario, CT imaging
in children declined consistently after 2006 (-5.3% annual
growth). During all periods, CT imaging in children was higher
in the United States.

Use of MRI had a similar pattern in children and adults:
more rapid increase in imaging use during the earlier periods
with ongoing but more modest growth after 2012. In the United
States, annual growth in MRI in children was 8.7% (2000-
2005), 5.9% (2005-2012), and 0.5% (2012-2016); annual growth
in Ontario was 5.9% (2000-2003), 16.3% (2003-2008), 8.9%
(2008-2012), and 2.5% (2012-2016) (Figure 1 and eFigure 1in
the Supplement). Ultrasound use in children increased over
time in both the United States and Ontario. Although the
growth in ultrasound was slower than observed for CT or MRI,
the absolute rates of ultrasound imaging were higher than for
CT and MRI combined (Figure 1 and eFigure 1). Nuclear medi-
cine declined over the entire observed time period, but de-
clines were largest after 2009 in the United States (-10.5%) and
after 2008 in Ontario (-9.6%).

When rates of CT, MRI, ultrasound, and nuclear medicine
imaging were combined, there was significant ongoing growth
inimaging in children in the most recent time interval (Figure 1
and eFigure 1). Annual growth was 0.8% in the United States
and 2.4% in Ontario.

Comparison by Country and Anatomic Area Among Children

Rates of CT and MRI were higher in US health care systems com-
pared with Ontario. The differences increased over time for CT
and diminished over time for MRI. Among children in 2000,
CT imaging was 18 per 1000 person-years in the United States
and 12 per 1000 person-years in Ontario (relative rate, 1.5; 95%
CI, 1.4-1.7), whereas in 2016 it was 22 per 1000 person-years

JAMA September 3,2019 Volume 322, Number 9

in the United States and 9 per 1000 person-years in Ontario
(relative rate, 2.3; 95% CI, 2.1-2.5) (Table 2). The larger differ-
ence in CT utilization between countries in 2016 reflects both
the increase in the United States and the decrease in Ontario
in the absolute rate of CT imaging.

The larger differences in CT imaging between the United
States and Ontario in recent years are reflected in results strati-
fied by anatomic area (Figure 2 and Table 3). In 2016, relative
imaging rates for specific anatomic areas were as follows: for CT
of the head, relative rate, 2.14 (95% CI, 1.95-2.35; 9.8 per 1000
person-years in the United States vs 4.6 per 1000 person-years
in Ontario); for CT of the spine, relative rate, 2.96 (95% CI, 2.60-
3.36; 1.8 per 1000 person-years in the United States vs 0.6 per
1000 person-years in Ontario); for CT of the chest, relative rate,
1.32(95% CI, 1.19-1.48; 1.3 per 1000 person-years in the United
States vs 1.1 per 1000 person-years in Ontario); for CT of the ab-
domen, relative rate, 4.06 (95% CI, 3.59-4.59; 5.6 per 1000 per-
son-years in the United States vs 1.4 per 1000 person-years in
Ontario); and for CT of the extremities, relative rate, 1.22 (95%
CI,1.08-1.37; 0.9 per 1000 person-years in the United States vs
0.8 per 1000 person-years in Ontario).

The average annual percentage change in imaging within
fixed time periods and by anatomic area are shown in Table 4.
For CT overall, growth was positive between 2000 and 2006
(10.1% annual growth in the United States and 3.3% annual
growth in Ontario); in the subsequent time intervals, CT use de-
clined (-3.4% in the United States and -5.3% in Ontario be-
tween 2006 and 2011; -1.8% and -5.3%, respectively, between
2012 and 2016). The patterns were similar by anatomicarea, with
declines or no change between 2006 and 2016, except for spine
imaging in the United States. Use of MRI in each anatomic area
increased in Ontario between 2012 and 2016 (overall annual
growth, 2.5%; head, 2.2%; spine, 3.5%), whereas in the United
States there was no significant growth during this period.

Variation Across Health Care Systems
Absolute imaging rates varied across US health care systems,
but patterns over time were similar across systems: CT and
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Table 4. Average Annual Percentage Changes in Imaging Rates by Age, Country, and Anatomic Area

Average Annual Change From Prior Period, % (95% CI)

Older Adults (Aged 265 y)

Adults (Aged 18-64 y)

Children (Aged <18 y)

United States Ontario United States Ontario United States Ontario
Computed Tomography
Overall
2000-2005 9.5(8.21010.8) 9.5(8.5t010.6) 11.6 (9.7 to 13.5) 9.2(8.2t010.3) 10.1(7.8t0 12.5) 33(1.2t05.4)
2006-2011 0.9 (0.2 t0 1.6) 4.6 (4.21t05.0) -0.5.(-1.8100.8) 2.9(1.9t03.8) -3.4(-5.7t0-1.0) -5.3(-6.2t0-4.3)
2012-2016 3.0(1.1t04.9) 3.4(3.0t03.9) 2.6(0.2t05.1) 3.4(1.6t05.3) -1.8(-4.5t01.1) -5.3(-6.2t0 -4.3)
Abdomen
2000-2005 9.9(7.7t012.1) 11.9(10.8t012.9) 13.6(10.8t016.3) 14.8(13.4t016.2) 16.1(11.8t020.6) 9.1(5.5t012.8)
2006-2011 1.3(0.7t02.0) 4.4(4.0t04.7) -0.4(-2.2t0 1.4) 2.4(-0.6t05.6) -2.0(-5.2t0 1.3) -5.8(-6.9t0 -4.8)
2012-2016 1.3(0.7t0 2.0) 2.6 (2.1t03.0) 3.0(-0.3t06.5) 3.6(2.1t05.2) 0.3(-4.1t04.9) -3.0(-5.7t0-0.3)
Chest
2000-2005 15.9(12.8t019.0) 13.3(11.2t015.4) 15.8(13.6t018.0) 14.1(12.1t016.2) 11.3(6.7t016.1) 5.8(3.9t07.8)
2006-2011 0.3-(-0.5t0 1.2) 5.8(4.9t06.8) -0.3(-1.6t01.0) 5.4(4.5t06.4) -2.7(-3.8to-1.5) -4.0(-5.6t0-2.4)
2012-2016 4.1(2.8t05.3) 6.0 (4.9t07.0) 3.9(1.4t06.4) 6.1(4.9t07.3) -2.7(-3.8to-1.5) 1.9(-1.7t05.6)
Head
2000-2005 5.1(3.9t06.3) 5.4 (4.8t05.9) 6.4(5.5t07.3) 4.8(4.0t05.6) 6.6 (4.2t09.1) 0.7(-1.0t0 2.4)
2006-2011 1.1(-0.1t02.4) 4.2(3.9t04.6) -0.4(-2.5t01.8) 3.2(2.7t03.8) -42(-6.4t0-2.0) -6.0(-6.9t0-5.1)
2012-2016 1.5(0.3t02.6) 2.5(1.9t03.1) 0.4(-0.8t01.7) 1.0(0.1t0 1.9) -3.9(-7.5t0-0.1) -7.6(-8.8t0-6.4)
Spine
2000-2005 9.9(8.81010.9) 4.9(3.0t06.7) 7.4(4.9t09.8) 1.7(0.4t03.1) 20.5(19.2t021.9) 11.4(8.8t014.0)
2006-2011 8.6 (7.71t09.6) -1.7(-3.5t00.1) 2.4(1.3t03.6) -7.2(-9.8t0-4.6) 3.0(0.5t05.53.5) -1.6 (2.7 t0 -0.6)
2012-2016 6.8 (3.7t09.9) 0.4 (-3.0t03.9) 5.8(3.4108.2) -2.7(-6.1t00.9) -2.1(-4.7t00.4) -1.6 (-2.7 t0 -0.6)
Magnetic Resonance Imaging
Overall
2000-2005 11.3(10.1t012.5) 22(20.6t023.4) 10.1(8.9t011.3) 18.5(17.3t019.8) 8.7(7.2t010.3) 9.9(8.5t011.4)
2006-2011 2.2(2.0t02.4) 10.1(7.3t012.9) 2.1(1.4t02.7) 9.8(9.2t010.3) 5.9(5.0t06.8) 11.8(10.9t0 12.7)
2012-2016 2.2(2.0to2.4) 4.9(4.2t05.6) 1.3(1.0to0 1.6) 4.3(3.7t05.0) 0.5(-1.0t0 1.9) 2.5(1.6t03.4)
Head
2000-2005 6.6 (5.4107.8) 23.1(20.5t025.7) 6.9(6.0t07.8) 13.4(12.6t014.1) 3.9(2.6t05.3) 9.7(8.0t0o 11.4)
2006-2011 3.0(2.6t03.4) 8.7(6.6t011.0) 2.5(1.6t03.3) 7.8(7.4108.2) 7.1(5.2t09.1) 11.8(9.2to0 14.5)
2012-2016 3.0(2.6t03.4) 5.8(5.3t06.3) 1.2(0.8t01.6) 4.2(3.7t04.7) 0.1(-1.1t01.3) 2.2 (0.7t03.8)
Spine
2000-2005 12.5(10.1t015.0) 22.8(19.8t025.8) 10.0(8.7t011.3) 18.5(16.9t020.0) 12.0(9.1to015.0) 9.1(4.9t013.6)
2006-2011 0.8(0.5t01.1) 9.1(6.6t011.8) 0.6 (-0.1t01.3) 8.9(8.2t09.5) 54(3.5t07.4) 10.2 (6.2t0 14.3)
2012-2016 0.8(0.5t01.1) 3.7(3.2t04.3) 0.0(-0.3t00.3) 29(2.1t03.7) -0.1(-3.7t03.7) 3.5(2.7t04.4)
Ultrasound
Overall
2000-2005 4.5(4.0t05.0) 2.9(1.1t04.8) 4.6(3.6t05.7) 4.1(2.6t05.5) 5.0(4.8t05.3) 34(2.1t04.6)
2006-2011 3.5(3.1t03.9) 4.2(3.0t05.5) 2.8(2.1t03.5 4.6 (4.0t05.3) 5.0(4.8t05.3) 8.0(6.3t09.7)
2012-2016 -0.4(-1.2t00.4) 2.1(1.5t02.7) 1.8(0.2t03.4) 4.1(2.4t05.8) 2.2(1.2t03.3) 3.5(3.1t04.0)
Nuclear Medicine
Overall
2000-2005 0.4 (-1.1t02.0) 1.1(-0.6t02.9) 0.5 (-1.0to -2.0) 0.3(-0.2t00.9) -2.3(-3.4t0-1.1) -2.3(-3.1to-1.6)
2006-2011 -45(-5.1t0-3.6) -1.9(-2.9t0-0.8) -6.0(-6.8t0-5.2) -3.9(-4.3t0-3.6) -5.7(-7.4t0-6.0) -5.7(-6.3t0-5.0)
2012-2016 -5.5(-6.5t0-4.6) -3.8(-4.3t0-3.3) -7.6(-8.6t0-6.5) -6.7(-7.3t0-6.1) —éo4)1 (-10.7 to -10.5(-11.9t0-9.1)

ultrasound increased, nuclear medicine decreased, and all but
1 health care system showed increasing MRI use over time
(eFigure 2 in the Supplement). Site-specific imaging rates for
hospitals and imaging centers in Ontario were not available.
Imaging rates in Ontario for CT and MRI were near or below
those at the US site with the lowest rates, whereas for ultra-
sound and nuclear medicine, rates were near or below those
at the US site with the highest rates.

jama.com

Imagingrates for CT, MRI, ultrasound, and nuclear medicine
by type of US health care system insurance model (mixed-model
vs fully integrated) are shown in Figure 3. Among older adults,
there were nosignificant differences in imaging rates for CT or MRI
by type of plan. However, rates were slightly higher for mixed-
model plans among adults. Specifically, in 2016, imaging rates for
CTin mixed compared with integrated plans were 392 vs 401 per
1000 person-years in older adults (relative rate, 0.98; 95% CI,
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Figure 3. Imaging Rates per 1000 Person-Years by Imaging Modality, Stratified by Type of US Health Care System
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0.94-1.01) and 136 vs 124 per 1000 person-years in adults (rela-
tive rate, 1.10; 95% CI, 1.04-1.16). For MRI, rates were 135 vs 129
per 1000 person-years in older adults (relative rate, 1.05; 95% CI,
0.99-1.11) and 83 vs 77 per 1000 person-years in adults (relative
rate, 1.08; 95% CI. 1.01-1.14). Relative imaging rates were higher
among the mixed-model health care plans for ultrasound in older
adults (536 vs 390 per 1000 person-years; relative rate, 1.37; 95%
CI, 1.31-1.44) and in adults (240 vs 201 per 1000 person-years; rela-
tiverate, 1.20; 95% CI, 1.10-1.31) and for nuclear medicine in older
adults (73 vs 54 per 1000 person-years; relative rate, 1.36; 95% CI,
1.26-1.46) and in adults (18 vs 13 per 1000 person-years; relative
rate, 1.38; 95% CI, 1.24-1.54). For children, imaging rates were sig-
nificantly higher in the mixed-model plans for CT (23.5 vs 14.6 per
1000 person-years; relative rate, 1.61; 95% CI, 1.45-1.78), MRI (22.2
vs17.6 per 1000 person-years; relative rate, 1.26; 95% CI, 1.16-1.37),
ultrasound (63.3 vs 45.6 per 1000 person-years; relative rate, 1.39;
95% CI, 1.26-1.53), and nuclear medicine (2.0 vs 0.8 per 1000 per-
son-years; relative rate, 2.70; 95% CI, 2.20-3.30).
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.|
Discussion

Use of CT, MRI, and ultrasound in 7 US integrated health care
systems and in Ontario has continued to increase in recent
years. Annual growth in CT, MRI, and ultrasound was highest
in the earlier years (ie, between 2000 and 2006), but utiliza-
tion continued to rise between 2012 and 2016 (1%-5% annu-
ally) for most age groups both in the US sites and in Ontario.
The notable exception is for pediatric CT (<18 years old), which
has declined since 2006. In contrast, nuclear medicine imaging
demonstrated a consistent decline in every age category and
health care system.

These results differ from some reports that suggest re-
cent declines inimaging.!%-23-2°> Differences could be due to how
imaging examinations were counted, as the results presented
in this study focus on utilization of tests rather than payer costs.
These results reflect imaging across all age groups, while several
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prior studies focused on Medicare patients. Nonetheless, even
among adults aged 65 years or older, the results presented show
ongoing annual growth in CT and MRI use of 2.2% to 4.9% in
the US sites and Ontario. A recent increase in imaging was also
noted in a study of a privately insured population, which
showed imaging utilization starting to rise in 2011 after a down-
turn in 2010.24 Declines in CT, MRI, and ultrasound have been
described in widely cited market research reports,?* but no de-
tails are available regarding sampling of facilities or counting
of examinations, thus preventing a direct comparison with the
current study results.

Imaging use was significantly greater in mixed-model com-
pared with fully integrated HMO health care plans in children
and adults for all imaging modalities and for older adults for
ultrasound and nuclear medicine but not for CT or MRI. This
may suggest that imaging rates are lower within systems that
have stronger incentives to constrain imaging (and cost). How-
ever, these differences were not seen to the same degree in
older adults. This result must be considered with caution, as
this study included a limited sample of health care plans of each
type and could control for only a limited number of possible
confounding variables.

Ideally, use of any health care service should be guided by
abalanced consideration of benefits and harms, yet for imaging,
few relevant data quantifying either are available. Although
guidelines have been developed for imaging, they are primar-
ily based on expert opinion rather than evidence?®2” and have
not been shown to reduce imaging.?® Imaging examinations
are frequently adopted into clinical practice before evidence
supports their use, and once incorporated into practice, with-
drawing their use is difficult. Thus, it is not surprising that
imaging rates have not declined substantially despite mul-
tiple policy and clinical efforts focused on reducing imaging
use. In addition, what is acceptable clinical practice changes
over time. For example, in the past, for children with sus-
pected appendicitis, it was acceptable to have both false-
positive and false-negative surgical rates of 10%. Use of ultra-
sound and CT have lowered those rates to less than 5%.

Public health concerns about radiation exposure from
medical imaging have intensified with publicity regarding the
rapid increase in imaging utilization. The focusis primarily on
CT because of the relatively high ionizing radiation exposure
per examination and large numbers of individuals exposed.?®
Adults and children are sensitive to radiation.>°33 In adults,
CT use continued to rise, albeit more slowly than seen previ-
ously. The decline of CT in children and greater increase in MRI
may reflect greater awareness of the concern regarding radia-
tion exposure and harm in children. The less frequent CT use
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in adults in Ontario may reflect greater awareness of issues of
ionizing radiation exposure in adults.

This study has several strengths, including its large size,
inclusion of imaging data from 7 US sites and from Ontario, in-
clusion of all age groups, and accurate assessment of utiliza-
tion, including examinations conducted outside health care
plans with reimbursement claims. Imaging data were mapped
across settings, modalities, and anatomic areas to prevent ex-
amination double counting and influences from changes in bill-
ing practices over time.

Limitations

This study has several limitations. First, the study was lim-
ited by including US patients enrolled in a limited number of
health care systems, all of which used HMO models of care
either in part or in total. Patterns of imaging over time among
these patients may not represent patterns among individuals
covered by fee-for-service plans with different incentives and
disincentives. Second, the indication for imaging was not avail-
able; thus, it is not possible to determine whether imaging was
appropriate or inappropriate for any given test or whether
imaging utilization was associated with improved patient out-
comes. Third, because of differences in billing practices, it was
not possible to accurately estimate anatomic areas imaged with
ultrasound or to make detailed comparisons between the
United States and Ontario that accounted for imaging during
pregnancy. It is possible that the greater use of ultrasound in
Canada reflects its more frequent use in pregnancy; however,
this would only affect and explain imaging in adults and not
imaging in children and older adults. Fourth, in Canada,
imaging was assessed only in the province of Ontario. Al-
though Ontario is Canada’s largest province, it may not re-
flect practices in other provinces or territories. Fifth, by using
electronic health record data, the majority of imaging was most
likely captured, but if examinations were conducted outside
of the health care system and the primary insurer was not
billed, there may be missing data on imaging utilization.

. |
Conclusions

From 2000 to 2016 in 7 US integrated and mixed-model health
care systems and in Ontario, rates of CT and MRI use contin-
ued toincrease among adults, but at a slower pace in more re-
cent years. In children, imaging rates continued to increase ex-
cept for CT, which stabilized or declined in more recent periods.
Whether the observed imaging utilization was appropriate or
was associated with improved patient outcomes is unknown.
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