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Abstract
Background Missed appointments can have an adverse impact on health outcomes by delaying appropriate imaging, which can
be critical in influencing treatment decisions.
Objective To assess for socioeconomic and imaging exam factors associated with missed appointments among children sched-
uled for diagnostic imaging.
Materials and methods We retrospectively analyzed children (<18 years) scheduled for outpatient diagnostic imaging during a
12-month period. In doing so, we obtained socioeconomic and radiology exam characteristics (modality, intravenous contrast
administration, radiation and use of sedation) data from the electronic medical record. We employed multivariate logistic
regression to assess the association of socioeconomic, demographic and imaging exam characteristics with imaging missed
appointments.
Results In total, 7,275 children met inclusion criteria. The mean age was 8.8 years (standard deviation [SD] = 6.2 years) and the
study population consisted of 52% female gender, 69%White race, 38% adolescent age group and 32%with a median household
income by ZIP-code category of <$50,000. Logistic regression showed increased likelihood of missed appointments among
children of Black/African-American race (odds ratio [OR] = 1.9; 95% confidence interval [CI] = 1.4–2.5); with insurance
categories including Medicaid (OR=2.0; 95% CI=1.6–2.4), self-pay (OR=2.1; 95% CI=1.3–3.6) and other (OR=2.7; 95%
CI=1.3–5.4); with <$50,000 median household income by ZIP-code category (OR=1.7; 95% CI=1.4–2.0); and with examination
wait time of 7–21 days (OR=2.7; 95% CI=2.1–3.5) and >21 days (OR=3.7; 95% CI=2.9–4.8). The use of radiation, intravenous
contrast agent or sedation was not associated with increased likelihood of missed appointments.
Conclusion Expanding our knowledge of how different socioeconomic and imaging-related factors influence missed appoint-
ments among children can serve as a foundational step to better understand existing and emerging disparities and inform
strategies to advance health equity efforts in radiology.
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Introduction

Missed appointments can have an adverse impact on health
outcomes by delaying appropriate imaging, which can be
critical in influencing treatment decisions. Health care or-
ganizations colloquially refer to missed appointments as
“no-shows.” The term “imaging missed care opportunity”
has been proposed as a less pejorative term that takes into
consideration the influence of social determinants of health
in access to medical appointments and the role of the health
care system in facilitating medical appointments [1].
Research has demonstrated that socioeconomic and demo-
graphic factors as well as increased time from scheduling to
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exam date are predictive of increased imaging missed care
opportunities in adults [2, 3]. This finding represents an
important opportunity for radiologists to engage in assess-
ment and redesign of traditional operations to improve co-
ordination and equitable access to imaging services [2, 3].
Furthermore, imaging missed care opportunities can create
significant challenges to health care organizations in terms
of access to health services and operations [4–7].

When considering potential causes and opportunities to
mitigate the impact of imaging missed care opportunities,
special attention is required for pediatric patients. Children
undergoing diagnostic imaging are largely influenced by
dependence on caregivers for financial considerations,
transportation to appointments, and health literacy consid-
erations related to radiation exposure, intravenous contrast
use and the use of sedation as part of diagnostic imaging.
Because children are in a stage of rapid development, in the
long term children stand to gain the most from timely ac-
cess to health care or conversely suffer the most from the
complications of suboptimal care vis-à-vis adults because
of children’s longer life expectancy. One study of missed
appointments for congenital cardiac MRI found that demo-
graphic factors were associated with higher rates of missed
appointments, although half of patients studied were older
than 18 years [8]. This is consistent with similar studies in
the outpatient pediatric subspecialty setting that have re-
ported associations between male gender, morning appoint-
ment time and public insurance, and higher rates of missed
appointments [9, 10]. Nevertheless, the research on missed
appointments within pediatric radiology is limited.

Understanding socioeconomic and imaging factors as-
sociated with imaging missed care opportunities in chil-
dren is important to inform the development of strategies
to improve equitable access to pediatric radiology for all
children. In previous pediatric literature, the effects of
insurance type, imaging modality, the use of sedation
and other factors on imaging missed care opportunities
have not been comprehensively studied. Therefore, the
purpose of this study was to assess whether specific so-
cioeconomic factors and imaging exam characteristics
were associated with increased likelihood of missed ap-
pointments among children. Our findings expand on cur-
rent pediatric literature and provide some insight into how
these factors impact the odds of experiencing imaging
missed care opportunities.

Materials and methods

Study design and setting

Our institutional review board approved this single-institution
retrospective cohort study, which complied with the Health

Insurance Portability and Accountability Act. Using the insti-
tution’s radiology information system (RIS; Centricity, version
10.7; GE Healthcare, Chicago, IL), we identified all outpatient
diagnostic imaging studies that required an appointment and
were scheduled to be performed at a large urban quaternary
academic medical center within a 12-month period (April 1,
2015, toMarch 30, 2016) for pediatric patients ages 0–17 years.
We included outpatient examinations scheduled at the institu-
tion’s main campus (hospital-based) and affiliated outpatient
imaging sites.

Inclusion criteria of diagnostic imaging exams

All outpatient diagnostic imaging modalities that required a
scheduled appointment prior to the diagnostic imaging exam-
ination were included: CT, MRI, US, fluoroscopy and nuclear
medicine. Radiographs were excluded from the analysis be-
cause these do not require a scheduled appointment prior to
the examination. All inpatient and emergency department di-
agnostic imaging and any imaging performed as part of a
procedure (e.g., US-guided biopsy) were also excluded from
the analysis.

Diagnostic imaging exam characteristics

Diagnostic imaging examinations were categorized by loca-
tion if they were performed at the main hospital campus or at
one of the affiliated free-standing imaging centers. These
exams were also sub-categorized by radiation exposure and
relative invasiveness of the exam (e.g., use of intravenous line
for contrast administration). These sub-categories included the
use of (1) radiation (CT, fluoroscopy, nuclear medicine) or no
radiation (US and MRI); (2) intravenous contrast agent (i.e.
contrast-enhanced MRI or CT) or no intravenous contrast
agent; and (3) sedation or no sedation.

Patient demographic variables

We queried the institution’s research patient data registry to
obtain demographic information from the electronic medical
record system for all included subjects [11]. Patient ages were
stratified into four developmental groups for purposes of anal-
ysis: infants (<2 years), toddlers (3–5 years), elementary
school ages (6–12 years) and adolescents (13–17 years).
Additional self-reported demographic data obtained included
gender, race/ethnicity, primary language, primary insurance
payor and ZIP (zone improvement plan) code of home ad-
dress. We used the median household income for the patient’s
ZIP code, as reported in the 2015 Census data [12], as a mea-
sure of socioeconomic status (SES). Median household in-
come was stratified into the following groups: <$50,000,
$50,000–74,999, $75,000–99,999 and $100,000+.
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Imaging missed care opportunities

Imaging missed care opportunities have been defined as
scheduled imaging appointments that were not performed
and not rescheduled prior to their scheduled date and time
[2]. The term “imaging missed care opportunities,” as op-
posed to the term “no-shows,” reflects the radiologist’s role
in population health and the multifaceted reasons that result in
missed appointments and prevent patients from engaging with
their care. Multiple-body-part examinations of the same mo-
dality (e.g., CT) scheduled on the same date were classified as
one imaging encounter to avoid double-counting and overes-
timation of imaging missed care opportunities. For example, if
a child had been scheduled to have CT examinations of the
chest and abdomen/pelvis on the same date and the child did
not arrive for the examination, it was deemed to represent one
imaging missed care opportunity. However, if a child had
been scheduled to have MRI and CT examinations on the
same day, the child could have two separate imaging missed
care opportunities if he or she did not arrive for either appoint-
ment. Encounters were classified as either an imaging missed
care opportunity or as a completed encounter and these were
mutually exclusive.

Wait days

Wait days were previously defined as the number of days
between the date the examination was ordered within the com-
puterized order entry system and the date the examination was
performed or scheduled to be performed (if the appointment
was missed) [3]. For example, an examination that was or-
dered on Jan. 1 and performed Jan. 15 would constitute 14
wait days. Likewise, an examination performed the same day
it was ordered constituted 0 wait days. Based on previous
analysis, wait days categories were defined as <7, 7–21 and
>21 days [3].

Our institution’s insurance authorization process is hetero-
geneous. Authorization is automatic with insurances that have
established contracts with our institution and if, at the time of
entering the order, it is supported by a clinical decision support
system. There are other insurances for which authorization is
not automatic but, given our institution’s robust support sys-
tem, we believe that the lack of immediate automaticity has
not led to a significant delay in examinations. Accordingly, we
are confident that our wait day estimates are not significantly
impacted by our heterogeneous insurance authorization
processing.

Statistical analyses

We used descriptive statistics to quantify the total number of
outpatient imaging examinations, frequency of demographic
characteristics, imaging modalities and total number and

frequency of imaging missed care opportunities. Differences
in imaging missed care opportunity frequencies by demo-
graphic factors, exam characteristics (location, imaging mo-
dality, use of radiation, use of intravenous contrast or use of
sedation), and wait day categories were assessed using χ2
analyses.

We employed multivariate logistic regression to determine
whether race, age category, gender, insurance payor, median
household income by ZIP code, wait day category, radiation
exposure, use of intravenous contrast agent, or use of sedation
was independently associated with at least one imaging
missed care opportunity during the study period. To reduce
the effect of feature multicollinearity, we performed backward
stepwise feature selection (for feature-entry P=0.05 was sig-
nificant and for feature-removal P=0.10 was significant using
the Wald test). In each model, we assessed significance for
each factor using the odds ratio (OR) and the Wald test. All
statistical analyses were performed using Stata 14 (StataCorp,
College Station, TX).

Results

A total of 7,275 of outpatient imaging appointments met in-
clusion criteria. The study population was 52.0% (n=3,758)
female and 8.8 years old on average (standard deviation [SD]
= 6.2 years). The distribution of children based on age cate-
gories was 25.3% (n=1,844) infants, 9.0% (n=654) toddlers,
287.6% (n=2,005) elementary school age and 38% (n=2,772)
adolescents. Self-reported racial/ethnic distribution was
69.4% (n=5,048) White, 10.3% (n=747) Hispanic, 5.7%
(n=412) Black/African American and 4.2% (n=304) Asian;
the rest were “other” (n=463/6.3%) or “not recorded”
(n=301/4.1%). Using ZIP-code median household income as
a proxy for household income, 32.4% (2,356/7,275) of the
study population was classified as having an income of
<$50,000; 30.3% (n=2,205), $50,000–74,999; 17.3%
(n=1,256), $75,000–99,999; and 20.0% (n=1,458),
>$100,000. Additional details of the descriptive statistics of
other demographic factors and exam characteristics are in-
cluded in Table 1.

The overall imaging missed care opportunities rate was 8.2%
(599/7,275) over the study period. Statistical χ2 analyses re-
vealed statistically significant differences in imagingmissed care
opportunity rates by age group category, income category, in-
surance payor category, self-reported race/ethnicity, self-
reported language, wait day category, imaging modality, loca-
tion where the exam was performed, use of intravenous contrast
agent and use of sedation during the exam. Toddlers shared the
highest proportion of imaging missed care opportunities, at
12.5%, while adolescents had the lowest share of imaging
missed care opportunities at 6.5%. In terms of ethnicity,
African Americans shared the highest proportion of imaging
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missed care opportunities, with 18.2%, compared to 6.2%
among Whites. Children whose primary language was Spanish
had the highest share of imaging missed care opportunities, at
13.5%, compared to 7.5% of English-speaking patients. Last,
those with Medicaid insurance had the highest share of imaging
missed care opportunities, with 15.7%, compared to those with

commercial insurance at 6.4%. Additional details are provided
in Table 2.

Multivariate logistic regression analysis revealed that the
following socioeconomic factors were found to be significant-
ly associated with increased likelihood of imaging missed care
opportunities: toddler age (OR=1.4); Black/African-American
race (OR=2.0); Hispanic language (OR=1.4); Medicaid
(OR=1.9), self-pay (OR=2.1) and other insurance categories
(OR=2.5); <$50,000 median household income by ZIP code
(OR=1.6); fluoroscopy imaging modality (OR=2.0); and wait
time of 7–21 days (OR=2.6) and >21 days (OR=3.6). These
analyses also revealed that outpatient imaging center cate-
gory (OR=0.8) and $100,000+ median household income
by ZIP code (OR=0.7) were significantly associated with
decreased likelihood of imaging missed care opportunities.
The unadjusted statistically significant differences between
higher imaging missed care opportunities and language, use
of intravenous (IV) contrast agents and use of sedation var-
iables were not replicated in the adjusted analysis. After
backward feature selection, the following socioeconomic
factors remained significantly associated with increased
likelihood of imaging missed care opportunities: Black/
African-American race (OR=1.9); Medicaid (OR=2.0),
self-pay (OR=2.1) and other insurance categories
(OR=2.7); <$50,000 median household income by ZIP
code (OR=1.7); fluoroscopy imaging modality (OR=1.5);
and wait time of 7–21 days (OR=2.7) and >21 days
(OR=3.7). This analysis also demonstrated that outpatient
imaging center (OR=0.7) and $100,000+ median house-
hold income by ZIP code (OR=0.7) categories were asso-
ciated with decreased likelihood of imaging missed care
opportunities. Additionally, MR imaging modality became
associated with significantly decreased likelihood of imag-
ing missed care opportunities (OR=0.4). Additional details
are provided in Table 3.

Discussion

The study results showed an increased likelihood of imaging
missed care opportunities among children of Black/African-
American race, children with Medicaid, self-pay and other
insurance categories; fluoroscopy modality; children living
in ZIP codes associated with <$50,000 median household
income; and children waiting 7–21 days and >21 days for their
scheduled examination. The study results also showed that the
use of radiation, intravenous contrast agent or sedation for
scheduled diagnostic imaging examination was not associated
with increased likelihood for pediatric imaging missed care
opportunities. Missed appointments in diagnostic radiology
represent a window to understand factors that influence access
to diagnostic imaging services among children. Several

Table 1 Demographics of study population

Characteristic n (%)

Gender

Female 3,758 (52.0)

Male 3,517 (48.0)

Developmental age group, mean±SD (years) 8.83±6.2

Infant (<2 years) 1,844 (25.3)

Toddler (2–5 years) 654 (9.0)

Elementary (6–12 years) 2,005 (27.6)

Adolescent (13–17 years) 2,772 (38.1)

Race/ethnicity

White 5,048 (69.4)

Black/African American 412 (5.7)

Hispanic 747 (10.3)

Asian 304 (4.2)

Other 463 (6.3)

Not recorded or declined 301 (4.1)

Primary language

English 6,373 (87.6)

Spanish 644 (8.9)

Other 258 (3.5)

Insurance type

Commercial 5,762 (79.2)

Medicaid 1,282 (17.6)

Self-pay 175 (2.4)

Other 56 (0.8)

Median household income of patient ZIP code

<$50,000 2,356 (32.4)

$50,000–74,999 2,205 (30.3)

$75,000–99,999 1,256 (17.3)

$100,000+ 1,458 (20.0)

Location of imaging

Main hospital campus 5,043 (69.3)

Outpatient imaging center 2,232 (30.7)

Imaging modality

CT 471 (6.5)

MRI 2,668 (36.7)

Nuclear medicine 575 (7.9)

Fluoroscopy 350 (4.8)

Ultrasound 3,211 (44.1)

Total 7,275 (100%)

SD standard deviation
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important conclusions can be drawn from the results of this
study.

Children of lower socioeconomic status (SES) are at in-
creased likelihood of imaging missed care opportunities, a
correlation that is consistent with previous studies [2, 6, 13].
Lower SES encompasses several social determinants of health

including lower health literacy levels, financial concerns with
health-related costs and decreased access to transportation,
among many other barriers that predominantly affect finan-
cially vulnerable communities [14]. Parents of lower SES
might have increased concerns about out-of-pocket costs and
high deductibles [15]. To address concerns related to financial

Table 2 Chi-square analyses of factors associated with pediatric imaging missed care opportunitiesa

Characteristics Completed encounters (% of row) Imaging missed care opportunities (% of row) P-value

Developmental age groupb <0.001
Infant (<2 years) 1,673 (90.7) 171 (9.3)
Toddler (3–5 years) 572 (87.5) 82 (12.5)
Elementary (6–12 years) 1,838 (91.7) 167 (8.3)
Adolescent (13–17 years) 2,593 (93.5) 179 (6.5)

Race/ethnicityb <0.001
White 4,737 (93.8) 311 (6.2)
Black/African American 337 (81.8) 75 (18.2)
Hispanic 641 (85.8) 106 (14.2)
Asian 281(92.4) 23 (7.6)
Other 406 (87.7) 57 (12.3)
Not recorded or declined 274 (92.3) 117 (7.7)

Primary languageb <0.001
English 5,894 (92.5) 479 (7.5)
Spanish 557 (86.5) 87 (13.5)
Other 225 (87.2) 33 (12.8)

Insurance typeb <0.001
Commercial 5,393 (93.6) 369 (6.4)
Medicaid 1,081 (84.3) 201 (15.7)
Self-pay 157 (89.7) 18 (10.3)
Other 45 (80.4) 11 (19.6)

Median household income of patient ZIP codeb <0.001
<$50,000 2,056 (86.6) 318 (13.4)
$50,000–74,999 2,038 (93.2) 149 (6.8)
$75,000–99,999 1,180 (93.9) 76 (6.1)
$100,000+ 1,402 (96.2) 56 (3.8)

Location of imagingb <0.001
Main hospital campus 4,547 (90.2) 496 (9.8)
Free-standing imaging center 2,129 (95.4) 103 (4.6)

Imaging modalityb <0.001
CT 439 (93.2) 32 (6.8)
MRI 2,557 (95.8) 111 (4.2)
Nuclear medicine 524 (91.1) 51 (8.9)
Fluoroscopy 312 (89.1) 38 (10.9)
Ultrasound 2,844 (88.6) 367 (11.4)

Wait daysb <0.001
<7 2,507 (96.3) 95 (3.7)
7–21 2,058 (90.4) 218 (9.6)
>21 2,111 (88.0) 286 (12.0)

Radiation use during exams 0.60
Without radiation 5,386 (91.8) 478 (8.2)
With radiation 1,290 (91.4) 121 (8.6)

Sedation use during examsc 0.02
Without sedation 5,976 (91.5) 554 (8.5)
With sedation 700 (94.0) 45 (6.0)

IV contrast use during examsc 0.03
Without contrast agent 4,588 (91.3) 438 (8.7)
With contrast agent 2,088 (92.8) 161 (7.2)

IV intravenous
aWe used Pearson’s chi-square tests to assess whether any observed differences in imaging missed care opportunities between different categories for
each factor of interest arose by chance
bP<0.001 is significant
cP<0.05 is significant
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barriers, radiology practices could proactively increase cost
transparency and ask caregivers if they have cost concerns
related to undergoing diagnostic imaging that might prevent
them from pursuing care for their children [16, 17]. Radiology
practices could collaborate with health care institutions that

help children and their caregivers access financial resources.
This might include online portals to governmental programs
or private groups that offer support, such as Aunt Bertha, for
assistance with other socioeconomic factors that influence ac-
cess to care [18].

Table 3 Multivariate logistic regression of factors associated with pediatric imaging missed care opportunities

Characteristics Initial multivariate model Model with feature selection

OR 95% CI P-value OR 95% CI P-value

Developmental age group
Infant (<2 years) 1.0
Toddler (3–5 years) 1.4a 1.1–1.9 0.02
Elementary school (6–12 years) 1.2 1.0–1.6 0.08
Adolescent (>12 years) 1.2 0.9–1.5 0.19

Race/ethnicity
White 1.0
Black/African American 2.0b 1.5–2.7 <0.001 1.9b 1.4–2.5 <0.001
Hispanic 1.4a 1.1–1.9 0.02
Asian 1.1 0.7–1.8 0.63
Other 1.2 0.9–1.7 0.26
Not recorded or declined 1.3 0.8–2.0 0.28

Primary language
English 1.0
Spanish 1.08 0.7–1.6 0.73
Other 0.82 0.6–1.1 0.20

Insurance type
Commercial 1.0
Medicaid 1.9b 1.5–2.3 <0.001 2.0b 1.6–2.4 <0.001
Self-pay 2.1c 1.2–3.5 0.007 2.1c 1.3–3.6 0.004
Other 2.5a 1.2–5.2 0.01 2.7c 1.3–5.4 0.007

Median household income of patient ZIP code
$50,000–74,999 1.0
$75,000–99,999 1.0 0.8–1.4 0.95 1.3b 1.2–1.4 <0.001
<$50,000 1.6b 1.3–2.0 <0.001 1.7b 1.4–2.0 <0.001
$100,000+ 0.7a 0.5–1.0 0.03 0.7a 0.5–0.9 0.01

Site of imaging
Main hospital campus 1.0
Free-standing imaging center 0.8a 0.6–1.0 0.02a 0.7c 0.6–0.9 0.003

Imaging modality
CT 1.0
MRI 0.2 0.0–3.0 0.26 0.4b 0.3–0.5 <0.001
Nuclear medicine 1.4 0.9–2.2 0.19
Fluoroscopy 2.0a 1.2–3.3 0.01 1.5a 1.1–2.2 0.03
Ultrasound 0.8 0.1–10.2 0.83

Wait days
<7 1.0
7–21 2.6b 2.0–3.4 <0.001 2.7b 2.1–3.5 <0.001
>21 3.6b 2.8–4.6 <0.001 3.7b 2.9–4.8 <0.001

Radiation use during exams
Without radiation 1.0
With radiation 0.5 0.3–6.0 0.55

Sedation use during exams
Without sedation 1.0
With sedation 1.1 0.8–1.7 0.55

IV contrast use during exams
Without contrast 1.0
With contrast 1.2 0.9–1.7 0.17

CI confidence interval, OR odds ratio, ZIP Zone Improvement Plan
aP<0.05 is significant
bP<0.001 is significant
cP<0.01 is significant
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The results of our study also showed that children who
experience increased wait days between the ordering date
and the exam date are at greater likelihood of imaging
missed care opportunities, which is consistent with previ-
ous research on adults [6, 19–23]. Studies have shown
that potential reasons for this relationship in the pediatric
population include additional scheduling conflicts that
arise between patients or caregivers and the health care
institution where they receive care [24]. Increasing sched-
uling flexibility by the health care institution, such as
increasing capacity and availability of high-value imaging
services, has been shown to decrease missed appoint-
ments [25, 26]. Decreasing wait days to imaging services
has also been shown to decrease health disparities among
vulnerable populations in radiology [27, 28]. Radiology
departments might consider the value and practicality of
having additional routine weekend and evening availability
for diagnostic imaging services and improved care-
coordination with other medical appointments. Such inter-
ventions could assist vulnerable patient populations that
face many challenges navigating the complex health care
system [28].

The imaging missed care opportunity literature on adults
has estimated an imagingmissed care opportunity rate ranging
from 2.0% to 6.5% depending on imaging modality [13, 29].
In our study, we found an overall 8% rate of imaging missed
care opportunities. This rate is larger than such in the adult
literature. We attribute this difference to the reality that pedi-
atric patients are exclusively dependent on the availability of
their parents and their schedule to bring them to imaging ap-
pointments. Thus, potential scheduling conflicts among care-
givers with their institution’s appointment scheduling system
leads to a higher rate of imaging missed care opportunities.
The results of this study also showed that the toddler devel-
opmental age group was associated with increased likelihood
of missed appointments. At our institution, some MRI studies
in this age group require the use of conscious sedation for
undergoing imaging studies. This invariably comes with
an increase in wait days because sedation appointments
are scarce; sedation examinations also add to the potential
financial burden to the caregiver because they require
longer time for preparation and recovery and are also
more costly [30]. In addition to using advanced imaging
techniques to decrease image acquisition times without
the use of sedation, the utilization of child life specialists
in pediatric radiology practices has been shown to be an
effective resource to assist children and their caregivers
[31]. Child life specialists’ role is to educate children and
their caregivers about their upcoming appointment and to
enhance their comfort by addressing the family’s concerns
[32–34]. Radiology practices can continue to collaborate
with referring providers, community health care workers
and child life specialists to help alleviate the uncertainty

or potential concerns related to their scheduled diagnostic
imaging appointment.

Our study also showed that imaging studies requiring the
use of radiation, intravenous contrast agent or sedation were
not associated with an increased likelihood of missed appoint-
ments. Furthermore, MRI, which does not use radiation, was
associated with decreased likelihood of imaging missed care
opportunities. Although this might be reflective of different
reminder processes associated with each imaging modality,
radiology has also made substantial efforts through national
organizations to increase the availability of information about
imaging exams through campaigns such as Image Wisely,
Image Gently and Radiologyinfo.org [35–37]. The extent to
which children and their caregivers have been informed about
what to expect about their diagnostic radiology examination is
uncertain because some information portals are written in a
way that is more complex than the average reading ability of
the population [37, 38]. However, these continued efforts to
increase the availability of multilingual educational material
that can be tailored based on developmental age groups and
health literacy levels are vital to increase accessibility of
health information. Moreover, we found that US had a
higher share of imaging missed care opportunities than MRI
appointments. This finding is surprising because MRI is
usually associated with higher wait days [3], which, as we
have shown, is also associated with increased odds of
imaging missed care opportunities. Although not examined
in our study, this discrepancy might be a result of greater
scheduling flexibility inherent with US appointments when
compared to MRIs. Therefore, parents might be more
willing to miss or reschedule US appointments than MRI
appointments based on this flexibility. This discrepancy
could also reflect institutional differences of our
department’s appointment reminder processes vis-à-vis
different imaging modalities. Given that MRI appointments
are less readily available and take longer to perform, these
have additional support and follow-up reminder processes.
Further research should examine the impact that the heteroge-
neity of the appointment reminder process and its interaction
with imaging modality have on imaging missed care
opportunities.

Our results are consistent with literature regarding missed
appointments for well-child visits. It has been shown that
among pediatric patients, those who are uninsured, those in
a low-income family, and those who are African American are
more likely to miss a greater proportion of well-child visits
when compared to their high-income, privately insured and
White counterparts [39]. Radiology departments should adopt
strategies currently used to reduce missed care opportunities
for well-child visits. This non-exhaustive list of strategies
includes educating the patient’s caregivers about the bene-
fits of completed appointments, documenting the reasons
why a child did not show up for an appointment, tracking
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missed care opportunities, updating the child’s caregiver
contact information at every visit, and providing walk-in
slots to accommodate children with high rates of missed
care opportunities [40].

Expanding our knowledge of how socioeconomic and
imaging-related factors influence access to care among
children can serve as a foundational step to better under-
stand existing and emerging disparities and advance health
equity efforts. The coronavirus disease of 2019 (COVID-
19) pandemic has brought preexisting health disparities to
the fore, underscoring the importance of understanding
how social determinants of health directly influence health
outcomes among vulnerable populations. Recent literature
has shown that individuals living in ZIP codes associated
with lower income and higher proportion of limited English
proficiency bear a disproportionate burden of COVID-19,
including worse outcomes and higher mortality [41–44].
Radiology is strategically positioned to form multidisci-
plinary collaborations to gain a deep understanding of
existing barriers and inform the development of programs
to address existing and emerging health disparities among
vulnerable communities.

There are several limitations to our study. First, we did not
capture whether any of the missed appointments were per-
formed at other institutions or as part of a hospital admission.
Second, this single-institution study might not be generaliz-
able to other populations with a higher proportion of diverse
racial and ethnic composition, as well as the influence of state-
funded children’s health insurance, which varies widely by
state. We note that our insurance payor mix is different from
the nation’s average payor mix for pediatric patients — ap-
proximately 80% of our patients have commercial insurance
and 17.9% Medicaid, versus the national average of 53%
commercial and 34% Medicaid payors [45]. Consequently,
our study might overrepresent children with more favorable
socioeconomic conditions than those among other pediatric
radiology departments. However, this difference does not lim-
it the internal validity of our results regarding the estimated
effects of multiple socioeconomic factors on the odds of im-
aging missed care opportunities. We expect that our results
will have the greatest external validity among pediatric radi-
ology departments that have a comparable demographic and
socioeconomic composition to ours. Third, the study used
median household income based on ZIP code, which is an
imprecise proxy for socioeconomic status and might not re-
flect the individual economic resources of each patient.
Fourth, the study did not account for logistical factors to ac-
cess care such as transportation, patients changing providers
of care, insurance pre-authorization processes and differences
in appointment reminder processes, among others [3]. For
example, MRI appointments that require sedation entail mul-
tiple reminders from the institution, which differs from a di-
agnostic US reminder process. Fifth, the study did not capture

supplementary health insurance or differences in out-of-
pocket deductible costs associated with different types of in-
surance, which have been shown to play an important role in
the decision to delay or forgo care [46]. Sixth, we recognize
that our study does not capture the impact that a heteroge-
neous insurance pre-authorization process can have in modu-
lating the odds of imaging missed care opportunities. We ex-
pect that radiology departments with a more integrated and
comprehensive insurance pre-authorization system have a
smaller number of wait days and thus lower odds of an imag-
ing missed care opportunity. Nonetheless, the impact of di-
verse insurance authorization processes on imaging missed
care opportunities should be examined in future studies.
Seventh, we recognize that other factors might modulate the
odds of imaging missed care opportunities that our study did
not explore. These include appointment time of day, day of the
week (including weekday versus weekend) and history of im-
aging missed care opportunities. Further research should ex-
amine the impact these other factors can have on imaging
missed care opportunities. We also recognize that the data
derived in this study span the period of 2015–2016.
However, we have little reason to believe that our results lack
external validity to the present, particularly once outpatient
pediatric imaging utilization returns to pre-pandemic levels.
Given the lack of a coordinated nationwide effort among pe-
diatric radiology departments in addressing imaging missed
care opportunities, we are confident that our results are still
relevant and valid today. Nevertheless, some institutions
and pediatric radiology departments have made significant
improvements at reducing imaging missed care opportu-
nities via pilot programs encouraging price transparency,
transportation support and the implementation of a more
effective reminder processes. Last, future studies should
evaluate the downstream effects of missed appointments
in the overall health outcomes of children, and the effect
that cost transparency programs can have in decreasing
missed appointments.

Conclusion

This study expands our knowledge of how different socioeco-
nomic and imaging-related factors influence missed appoint-
ments among children scheduled to undergo diagnostic imag-
ing and can serve as a foundational step to better understand
existing and emerging disparities and inform strategies to ad-
vance health equity efforts in radiology.
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