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Abstract

Introduction—To improve safe imaging among children, the Image Gently Campaign was

launched by several radiologic societies in 2007. A goal of the campaign was to reduce ionizing
radiation exposure in children. Given the recurrent nature of their disease, children with kidney
stones are at risk of unnecessary ionizing radiation exposure from computed tomography (CT).

We sought to determine whether the campaign caused a decrease in the utilization of computed
tomography (CT) for the evaluation of children with nephrolithiasis. We hypothesize that the
campaign was the primary cause of a decrease in CT utilization.

Materials and Methods—We analyzed medical claims data (2001-2015), identifying children
with nephrolithiasis covered by the same commercial insurance provider. Using a difference-in-
differences (DID) design, we estimated changes in CT use among children (<18 years) compared
to a control group [i.e., adults (=18) with nephraolithiasis] after the campaign started.

Results—We identified 12,734 children and 787,720 adults diagnosed with nephrolithiasis.
Before 2007, quarterly rates of CT use during a stone episode (per 1000 patients) were increasing
at a parallel rate among children and adults (5.1 in children versus 7.2 in adults, p=0.123). After
the campaign started, the rate of CT use decreased in both groups, but at a slightly significantly
greater rate in adults than children (DID Estimator: 2.96, CI 0.00-5.91, p=0.050).

Conclusions—Although there has been a decrease in the use of CT among children with
nephrolithiasis, given a similar trend seen in adults, this change cannot be primarily attributed to
the Image Gently Campaign.
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Introduction

Over the last several decades, the rapid increase in the utilization of computed tomography
(CT) has led to concern about the potential harmful effects of ionizing radiation. This is
particularly true for children, who are thought to be particularly susceptible to the ill effects
of radiation given the sensitivity of their rapidly dividing tissues and the potential for
cumulative lifetime exposure.1* Many of these CTs are unnecessary.1> These concerns
prompted several radiological societies to launch the Image Gently Campaign® in 2007 to
“promote safe and effective imaging care of children.”6~7

Cumulative radiation exposure is particularly concerning for the growing number of children
with nephrolithiasis. The incidence of stones in children is rising by 6-10% annually and
many children experience recurrent stones.2:8:9 Therefore, there are a growing number of
children who have substantial lifetime radiation exposure from evaluation of stones. Much of
this radiation is potentially preventable. Renal ultrasound (RUS) is recommended for initial
evaluation of children with suspected kidney stones, with CT suggested only in the rare case
of a nondiagnostic ultrasound with high clinical suspicion.10-11 Nonetheless, 45-79% of
children undergo a CT with the majority of CTs performed as the initial imaging modality.
12,13 Although these patients could benefit from the advocacy efforts of the campaign, its
effect in this population currently remains unknown.

In this context, we sought to determine whether the Image Gently Campaign® caused a
decrease in the utilization of CT for evaluation of pediatric kidney stones. Our objective was
to evaluate rates of CT utilization before and after the launch of the campaign in children
compared to a control group of adults in a national cohort. We hypothesize that CT
utilization in children with kidney stones decreased at a greater rate than in adults after the
campaign launch.

Materials and Methods:

Study Design and Dataset

We performed a retrospective cohort study of children and adults with kidney stones using a
national, private de-identified insurance claims database (Clinformatics® Data Mart
Database; Optumlinsight, Eden Prarie, MN). This database captures all emergency
department (ED), outpatient, and inpatient patient-level encounters of 73 million people
commercially insured by a single, large U.S. insurance agency. The study was determined to
be exempt by the institutional review board of our institution.

Study Population

Using a code-based algorithm, we identified all children (<18 years) (intervention group)
and adults (=18) (control group) who were evaluated in the ED or an outpatient clinic with
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the primary diagnosis of nephrolithiasis between August 1, 2001 and July 31, 2015
(Appendix Table 1). To determine whether any changes seen in the utilization of CT was due
to the campaign or other independent factors, we used adults as a control group for two
reasons: first, they should have been unaffected an exclusively pediatric campaign, and
second, imaging recommendations for patients with suspected nephrolithiasis differ between
children and adults. For initial imaging, non-contrast CT is recommended for adults and
RUS for children.11:14 Therefore, we would expect the use of CT for evaluation of kidney
stones in adults to remain stable and could assume no spillover effects.

A stone episode included all visits made within the 7 days prior to and 90 days following the
index encounter to allow time for spontaneous stone passage or staged stone removal, while

being highly unlikely for new stone development.1®> Any visit made for nephrolithiasis after

90 days was assumed to be due to a new stone episode and was also included. Patients were

excluded if they did not have continuous enrollment for six months before and 90 days after

their first stone visit.

Our primary outcome was the quarterly rate of CT use for the evaluation of nephrolithiasis.
We also performed a subgroup analysis to determine whether the use of CT varied for
incident versus recurrent stones. For our secondary outcome, we sought to determine if the
campaign led to a change in the utilization of other imaging modalities, including renal
ultrasound (RUS) and abdominal x-ray (AXR).

To measure the quarterly rate of CT use, we first determined whether a patient underwent a
CT of the abdomen and/or pelvis during their stone episode using diagnosis and procedure
codes (Appendix Table 1). To enable direct comparison of children and adults, we next
calculated the risk-standardized rate of CT utilization per quarter for both groups (Appendix
1 and Appendix Table 2).

For our secondary outcome, we again used a code-based algorithm to determine whether
these imaging modalities were used during each stone episode (Appendix Table 1).

We compared quarterly utilization of CT before the July 2007 campaign launch (August
2001 - July 2007) to afterwards (August 2007 — July 2015).

Statistical Analysis

We first tested for differences between patients who did or did not undergo a CT during a
stone episode. Next, we used a difference-in-differences (DID) approach to evaluate the
change in quarterly utilization of CT for evaluation of nephrolithiasis during a stone episode
after the launch of the campaign in July 2007. We fitted ordinary least squares regression
models to compare trends in quarterly risk-adjusted CT rates between children and adults
before and after the campaign launch (Appendix 2).16:17 We confirmed that the parallel
trends assumption was met by comparing the trends in CT utilization before the campaign
between children and adults.
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We next repeated this analysis for two subgroups of patients: first those with incident stones,
defined as their first stone during the study period, and second for those with recurrent
stones, defined as those who had additional stones during the study period.

A sensitivity analysis was performed to confirm the findings by repeating the DID analysis
using several different time frames to ensure the results were not overly influenced by
quarters that may have been outliers.

For our secondary analysis, we evaluated the temporal trends of the crude quarterly
utilization of all stone imaging procedures (CT, RUS, and AXR).

The analysis was conducted with a combination of SAS 9.4 (SAS Institute Inc., Cary, NC,
USA,) for extraction, cleaning and descriptive analysis and STATA (Stata 13/SE, College
Station, TX, USA) for the DID analysis. All statistical testing was two-tailed and examined
at the 0.05 significance level.

We identified a total of 12,734 children and 787,720 adults with kidney stones (Table 1). The
proportion of patients who underwent a CT significantly increased after the campaign started
for both groups. For children, 48.8% (2,576/5,274) underwent a CT before the campaign
started compared to 54.0% (4,029/7,460) after (p<0.001). For adults, 57.8%
(153,028/264,793) underwent a CT before the campaign started compared to 66.7%
(349,044/522,927) after (p<0.001). For both groups, the majority of patients (72.6-85.5%)
who initially presented to an ED underwent a CT, compared to the minority of patients who
initially presented to an outpatient clinic (22.4-38.3%) (p<0.001 for all groups) (Table 1).

Although there was a higher proportion of CTs performed after the campaign launch, this is
not reflective of the trend in utilization. Between August 2001 and July 2007, the proportion
of children and adults who underwent a CT for evaluation of stones was increasing at a
parallel rate (5.07 CTs per 1,000 patients per quarter for children, 7.22 for adults, p-value for
difference=0.12) (Table 2 and Figure 1)). Conversely, after the launch of the campaign until
August 2015, the proportion of children and adults who underwent a CT each quarter
progressively decreased for both groups. The rate of decrease of CT utilization was similar
for both groups (-2.82 versus -2.01, p=0.19). However, adults had a higher rate of
utilization before the campaign and thus had a marginally significantly greater change in
utilization from before the campaign started to after compared to children (DID Estimator:
2.96, Cl 0.00-5.91, p=0.050). The results did not change in our sensitivity analysis using
different time frames (Appendix Table 3 and Figure 1).

A similar trend was noted for patients with incident stones, although the difference between
children and adults was not significant (Table 3a and Figure 2a). Although the overall
pattern in CT utilization for adults with a recurrent stone episode was also similar (Table 3b
and Figure 2b), there were too few children with recurrent stones to allow for comparison.

The utilization of the various imaging modalities for evaluation of kidney stones changed
over this time period in both children and adults (Figures 3a and 3b). For children, the use of

J Urol. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Streur et al.

Page 5

CT has been decreasing since 2007. The use of RUS has been increasing over this time
period such that in 2012, it became more frequently utilized than CT. The use of AXR has
stayed stable. CT was the sole imaging modality used for 26.2—-31.1% of pediatric stone
episodes and in addition to other imaging for 24.9-27.8% of pediatric stone episodes
(Appendix Table 4). For adults, the use of CT has also been decreasing, but the increase in
the use of RUS has been modest and the use of AXR has decreased.

Discussion

The use of CT to evaluate kidney stones was increasing at a similar rate for both children
and adults prior the launch of the Image Gently Campaign® in 2007. Since that time, it has
been decreasing at a similar rate in both groups, although at a slightly greater rate in adults
compared to children, suggesting that suggest that the Image Gently Campaign® alone did
not lead to the decrease in children’s CT utilization. For children, with the decreased use of
CT there has been an increase in the use of RUS such that it is now the most common
imaging modality used to evaluate pediatric stones. For adults, the use of RUS has been
increasing only modestly and CT remains by far the most commonly used imaging modality.
Both pediatric and adult patients seen initially in the ED are most likely to be evaluated with
a CT compared to those patients initially seen in an outpatient clinic.

Similar trends of CT utilization for evaluation of nephrolithiasis over this time period have
been described. A study using the National Hospital Ambulatory Care Survey demonstrated
a 5-fold increase in utilization for both children and adults between 1996 and 2007.18:19 A
review of two tertiary EDs demonstrated a peak in CT use in 2008, followed by a decline in
2008-2010.20 A study use the Nationwide Emergency Department also demonstrated a peak
in CT use in EDs in 2007 followed by a decline between 2008-2010.21 Finally, a
Marketscan study showed an increase in the use of CT for evaluation of pediatric
nephrolithiasis between 2003-2006 followed by a decrease in 2007—2011.22

The difference in utilization trends between adults and children differed from our
hypothesis. While the use of CT decreased for both adults and children, there was a greater
change in the adult cohort. This could be because adults had a higher rate of CT utilization
initially and therefore more room for improvement by eliminating unnecessary exams.
Interestingly, adults did not see the increase in RUS utilization that children did. This may be
due in part to the decreased sensitivity of RUS for detecting stones in adults compared to
children.

The growing awareness of the harmful effects of ionizing radiation among providers,
patients, and families may have influenced the change in CT utilization. The initial rapid
increase in the utilization of CT seen in the late 1990s was met with growing concern about
potential harms. By 2005, the World Health Organization, Centers for Disease Prevention
and Control, and United States Department of Health and Human Resources had all added x-
rays and gamma-rays to their lists of carcinogens and the Food and Drug Administration and
National Cancer Institute had started advocating for minimizing radiation exposure from
medical imaging in children.23-26 There was also growing research on this subject. Indeed,
the number of scientific manuscripts about the harms of radiation on PubMed more than
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tripled between 1995 and 2015 (Figure 4a). There were several alarming studies published,
most famously by Brenner et al estimating that 500 children annually would develop lethal
cancer from CT scans (Brenner D 2001).3 Although the validity of the methodology used to
obtain these estimates have since been questioned, these warnings and alarming research
findings were often prominently publicized in the lay press.2” The trends in publications in
the lay press about the harms of medical imaging mirror the trends of the medical literature
(Figure 4b), leading to increased public awareness. Therefore, the Image Gently®
Campaign, as well as the adult-focused Image Wisely® Campaign it helped launch in 2010,
likely served as one voice of many calling on providers to avoid unnecessary radiation.*28

There are several limitations to this study. First, this type of analysis can only determine if
the campaign alone led to a decrease in the use of CT, but cannot determine the true
underlying cause(s) or the degree to which the campaign may have had some influence. It is
possible that although the Image Gently® Campaign was focused on the pediatric
population, there were spillover effects on adults by generally raising awareness of imaging
utilization and eventually helping to launch the Image Wisely® Campaign in adults. This
may have been particularly true at centers who care for both children and adults. However,
we would not expect a pediatric-focused campaign to be more efficacious for adults then for
children. Therefore, the reason for the change seen is likely multifactorial. As this cohort
represents all patients with the same major national insurance provider, it is possible that a
different trend exists for patients with public insurance or who are uninsured. Additionally,
we are unable to determine what proportion of CTs obtained were clinically indicated,
although half of the children in this study underwent a CT only without an initial RUS,
which goes against the guidelines. There is also evidence that CTs performed for the
evaluation of stones in children are usually not necessary.2% We were unable to account for
certain patient and hospital factors that could have influenced whether a CT was performed
in our model, such as evaluation at a pediatric versus adult hospital or the stone burden of
the patient. It is also unclear how many EDs had regular access to ultrasonography and
performed CTs due to a lack of an alternative. Some centers may have chosen to perform
low-dose renal colic protocol CT. However, many low-dose CTs are not appropriately dosed.
30 There may be additional reasons why a CT was not ordered that cannot be ascertained by
this type of study. Finally, this study analyzed only patients with a confirmed diagnosis of
nephrolithiasis. It is possible that ultrasound was more frequently used in patients with
negative results for stones than those with confirmed stones.

Conclusions

The use of CT for evaluation of kidney stones has been decreasing for both children and
adults since 2007. However, it is unlikely this change can be attributed to the Image Gently®
Campaign alone. Nonetheless, given the persistent high utilization of CT, the mission of the
campaign remains relevant. Future initiatives should focus on educating emergency
providers about how kidney stone imaging guidelines differ for children and adults.
Additionally, obtaining informed consent for studies involving ionizing radiation could help
increase patient, family, and provider awareness.
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Figure 1.
Difference—in-difference analysis of the proportion of children and adults who underwent a

CT for evaluation of nephrolithiasis per quarter for all stone episodes (incident + recurrent
stones).
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Difference—in-difference analysis of the proportion of children and adults who underwent a
CT for evaluation of nephrolithiasis per quarter: a) incident stone episodes b) recurrent stone
episodes.
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Kidney Stone Screening Rate by Quarter
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Kidney Stone Screening Rate by Quarter

600

550

500

450 -

400

350

300

Screening Rate Per 1,000 Patients

250

200

150

100
08/2001

08/2008

08/2002 08/2003 08/2004 08/2005 08/2006  08/2007 08/2009 08/2010 08/2011  08/2012 08/2013  08/2014
Month/Year
Adult CT Rate Adult RUS Rate Adult AXR Rate Adult NS Rate
[m] Confidence Band [m] Confidence Band [m] Confidence Band [m] Confidence Band
Figure 3.

Imaging modalities used to evaluate kidney stones per quarter: a) children b) adults.
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Figure 4.
Number of publications published by year on the harms of medical imaging in a) scientific

journals (PubMed) b) lay press (ProQuest).
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Table 1.

Demographics of patients with nephrolithiasis before and after the launch of the Image Gently Campaign for
a) children and b) adults.
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a) children
Pre-Intervention (8/2001-7/2007) Post-Intervention (8/2007-7/2015)
Overall No CT CT p-value Overall No CT CT p-value
Number of
Children 5274 2689 2576 7460 3431 4029
Age (Standard
Deviation) 12.6 (4.5) 11.1 (5.1) 14.2 3.2) <0.001 13.3 (4.3) 11.5 (5.0) 14.7 (2.8) <0.001
Gender
1372 1823 2579
Female 2965 (46.3%) 1593 (53.7%) 4402 (41.4%) (58.6%)
<0.001 <0.001
1326 1608 1450
Male 2309 (57.4%) 983 (42.6%) 3058 (52.6%) (47.4%)
Imaging Performed At Index Visit
g’e%zrgem“;g’t 1962 530 (27.0%) | 1432 (73.0%) 3476 951 (27.4%) (722555’/0 |
<0.001 <0.001
Outpatient Clinic | 3312 (727567301@ | 741(22.4%) 3984 (fgoél}A) | 973 (24.4%)
Imaging Performed During Stone Episodea
gg:)‘;rrgt;“;% 1962 427 (21.8%) | 1535 (78.2%) 3476 801 (23.0%) (727%;) )
<0.001 <0.001
Outpatient Clinic | 3312 (6282501@ ) 1041 (31.4%) 3984 (62663& ) (3143332 )
b) Adults
Pre-Intervention (8/2001-7/2007) Post-Intervention (8/2007-7/2015)
Overall No CT CT p-value Overall No CT CT p-value
Number of 264793 111765 153028 522927 173883 349044
Adults
Age (Standard | 479 149y | 488 (14.3) 47.2 (14.0) <0.001 532 (16.5) | 55.1(16.6) 52.3 (16.3)
Deviation)
Gender
46733 76762 153039
Female 110146 (42.4%) 63413 (57.6%) | 0.053 229801 (33.4%) (66.6%) 0.039
65032 97121 196005
Male 154647 (42.1%) 89615 (57.9%) 293126 (33.19%) (66.9%)
Imaging Performed At Index Visit
Emergency 23759 31125 180662
Department 100820 @36%) | 77061 (76.4%) 211787 (14.7%) (85.3%)
<0.001 <0.001
Outpatient Clinic | 163973 (17105(1)02/3 48949 (29.9%) 311140 (1<5912(7)c%)) (13189207/01)
Imaging Performed During Stone Episodea
Emergency 18493 22553 189234
Department 100820 (18.3%) 82327 (81.7%) 211787 (10.6%) (89.4%)
>0.001 <0.001
Outpatient Clinic | 163973 (ggzgi,/%) 70701 (43.1%) 311140 (145812% (15519201/3
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a'lncludes imaging performed during index visit and all subsequent encounters during the stone episode.
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Table 2.
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Difference in difference analysis of the proportion of children and adults who underwent a CT for evaluation
of nephrolithiasis per quarter for all stone episodes (incident + recurrent stones).

Pre-intervention

Post-Intervention

Intervention

Lower Bound

Upper Bound

CT-Rate Slope Slope Differences 95% CI 95% ClI p-value

Children 5.07 -2.01 -7.08 -9.62 -4.54 <0.001
Adult 7.22 -2.82 -10.03 -11.54 -8.53 <0.001

Difference -2.15 0.81 2.96 0.00 591 0.05
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Table 3.
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Difference in difference analysis of the proportion of children and adults who underwent a CT for evaluation

of nephrolithiasis per quarter: a) incident stone episodes, b) recurrent stone episodes.

a.

3 Pre-intervention Post-Intervention Intervention Lower Bound Upper Bound .
CT-Rate Slope Slope Differences 95% ClI 95% ClI p-value
Children 5.02 -3.05 -8.07 -10.88 -5.26 <0.001

Adult 6.89 -3.42 -10.31 -12.00 -8.62 <0.001
Difference -1.88 0.37 2.24 -1.04 5.52 0.18
b.

3 Pre-intervention Post-Intervention Intervention Lower Bound Upper Bound .
CT-Rate Slope Slope Differences 95% ClI 95% ClI p-value
Children 5.33 -0.32 -5.65 -8.92 -2.39 0.001

Adult 7.50 -1.98 -9.48 -11.05 -7.91 <0.001
Difference -2.17 1.66 3.83 0.20 7.45 0.04
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