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Abstract
Background Congenital cardiac magnetic resonance is a lim-
ited resource because of scanner and physician availability.
Missed appointments decrease scheduling efficiency, have fi-
nancial implications and represent missed care opportunities.
Objective To characterize the rate of missed appointments and
identify modifiable predictors.
Materials and methods This single-center retrospective study
included all patients with outpatient congenital or pediatric
cardiac MR appointments from Jan. 1, 2014, through
Dec. 31, 2015. We identified missed appointments (no-
shows or same-day cancellations) from the electronic
medical record. We obtained demographic and clinical
factors from the medical record and assessed socioeco-
nomic factors by U.S. Census block data by patient ZIP
code. Statistically significant variables (P<0.05) were in-
cluded into a multivariable analysis.

Results Of 795 outpatients (median age 18.5 years, interquar-
tile range 13.4–27.1 years) referred for congenital cardiacMR,
a total of 91 patients (11.4%) missed appointments; 28 (3.5%)
missed multiple appointments. Reason for missed appoint-
ment could be identified in only 38 patients (42%), but of
these, 28 (74%) were preventable or could have been identi-
fied prior to the appointment. In multivariable analysis, inde-
pendent predictors of missed appointments were referral by a
non-cardiologist (adjusted odds ratio [AOR] 5.8, P=0.0002),
referral for research (AOR 3.6, P=0.01), having public insur-
ance (AOR 2.1, P=0.004), and having scheduled cardiac MR
from November to April (AOR 1.8, P=0.01).
Conclusion Demographic factors can identify patients at
higher risk for missing appointments. These data may inform
initiatives to limit missed appointments, such as targeted edu-
cation of referring providers and patients. Further data are
needed to evaluate the efficacy of potential interventions.
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Introduction

Cardiac magnetic resonance is an essential tool for evaluation
of pediatric and congenital heart disease. Because of its utility
in evaluating vascular anatomy such as pulmonary arteries
and the aortic arch, accurately and reproducibly quantifying
ventricular function, and assessing physiology and flow mea-
surements, cardiac MR plays a prominent role in recent guide-
lines for multimodality imaging and follow-up evaluation
[1–3]. However congenital cardiac MR is also a limited re-
source, requiring scanner availability as well as physician
expertise [4–6] for real-time monitoring during image
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acquisition because of the diversity of surgical repairs and
clinical questions.

A number of barriers to scheduling MRI studies have been
identified, often resulting in long waiting lists [7]. In this con-
text, missed appointments (no-show, late reschedule and
cancellations) decrease scheduling efficiency and represent
missed opportunities for patient care, in addition to lost reve-
nue. Socioeconomic rather than medical factors have been
shown to be the primary driver of same-day cancellations in
other types of pediatric MRI studies [8], but data are not avail-
able for congenital cardiac MR studies.

The researchers in this study aimed to determine the rate of
missed appointments for congenital cardiac MR studies, and
to identify potentially modifiable predictors that could be
targeted in process-improvement initiatives.

Materials and methods

The institutional review board approved this study and waived
the requirement for informed consent.

This single-center retrospective study included all patients
with outpatient congenital or pediatric cardiacMR appointments
at our institution from Jan. 1, 2014, through Dec. 31, 2015.
Within the study period, outpatient cardiac MR studies were
performed at either the children’s hospital or an adult outpatient
facility, with a limited number of slots per week available for
congenital studies. The children’s hospital is in close proximity
to other subspecialty care centers; the adult outpatient facility is
off-site but has free parking available. Patients with more com-
plicated anatomy or requiring sedation were scheduled at the
children’s hospital. We excluded inpatient cardiac MR appoint-
ments from this analysis because reasons for late cancellation
weremore likely to be related to change in clinical status and not
relevant to the larger outpatient population. Missed appoint-
ments were defined as no-show, same-day cancellation, or ap-
pointments that were re-scheduled on the day of cardiac MR.
Cardiac MR studies that could not be completed as a result of
claustrophobia were not included as missed appointments. We
identifiedmissed appointments by searching the electronic med-
ical record for cancelled cardiac MR appointments on scanners
used for pediatric and congenital studies.We then confirmed the
date of cancellation, including only same-day cancellations, and
compared the remaining cancelled appointments to scheduling
records and an institutional clinical database to confirm whether
these were outpatient pediatric/congenital studies, and whether
the study was in fact performed or rescheduled.

During the study period, the process of scheduling a cardi-
ac MR study began with a request from the referring physi-
cian, at which time a questionnaire was completed, including
potential exclusions for cardiac MR (e.g., claustrophobia, im-
plants). A scheduler within the Division of Pediatric
Cardiology would contact the patient or family to arrange an

appointment at either the children’s hospital or the adult out-
patient facility (if 14 years or older). If the patient or family
wished to cancel or reschedule an appointment, calls could be
made to either the Pediatric Cardiology or Radiology call cen-
ters. During the study period, no specific interventions had
been initiated to prevent missed appointments. As for all clin-
ical appointments at our center, an automated phone call and
reminder letter were provided prior to each appointment.

The reason for a missed appointment was identified from
scheduling comments, notes in the institution-specific clinical
database (which tracks cardiac MR studies, indications and
findings), or clinic notes, whenever possible. The reason was
classified as preventable or modifiable if it could be targeted
by initiatives to limit missed appointments or if early recog-
nition (prior to the scheduled date) could have enabled a more
appropriate scheduling.

Potential predictors of missed appointments were identified a
priori, and included age, gender, socioeconomic status, public
insurance (Medicare/Medicaid) vs. private, distance from the
patient’s home to the hospital, completion of prior cardiac
MR, indication for cardiac MR, referring physician, cardiac
MR site (children’s hospital or outpatient adult facility), season,
requirement for sedation, and referral for a research study.
Clinically indicated cardiac MR studies that were also included
in a research study were not included as referred for research.
All designated research studies are scheduled on our clinical
scanners during dedicated cardiac MR imaging blocks.
Socioeconomic status was represented by household income
and patient/parent education, which was based on U.S. Census
block data by patient ZIP code. All other data were obtained
from the clinical database or by chart review. Season of cardiac
MR was dichotomized as November to April (to represent re-
spiratory virus season) andMay to October.More granular anal-
ysis of timing was not feasible because of sample size.

Data are presented as frequency (percentage) or median (in-
terquartile range [IQR]). Categorical variables were compared
by chi-square test or Fisher exact test. Continuous variables
were compared byWilcoxon rank sum test. Univariate andmul-
tivariable logistic regression were used to identify factors asso-
ciated with having missed appointments. Factors found to be
significantly associated with missed appointments on univariate
analysis (P<0.05) were included in a multivariable analysis.
Unadjusted and adjusted odds ratios with 95% confidence inter-
vals from the logistic regressions are reported. All analyses were
performed using SAS version 9.4 (SAS Institute, Cary, NC). A
P-value <0.05 was considered statistically significant.

Results

During the study period, 795 patients had an outpatient cardiac
MR appointment. Demographics and clinical characteristics are
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presented in Table 1. The vast majority were referred by a cardi-
ologist, typically from the same institution.

A total of 91 patients (11.4%) missed appointments, with
28 (3.5%) missing multiple appointments. The reason for the
missed appointment could be identified in 38 patients
(41.8%). Of the identified reasons, most were preventable or
modifiable (31, 81.5%). Scheduling issues were identified in
12 patients (conflict with another appointment in 6, not sched-
uled with sedation in 4, not coordinated with other appoint-
ment in 1, and scheduling error in 1). Preventable or

modifiable patient issues were found in 14 (5 patients had
transportation issues, 3 patients had insurance issues, 2 pa-
tients forgot the appointment, 1 patient arrived late, 1 patient
got lost, 1 patient moved, and 1 patient was pregnant).
Referral errors led to missed appointments in 5 patients (no
longer clinically necessary in 4, and contraindication to cardi-
ac MR in 1). Non-preventable issues were found in 7 patients
(illness in 6 and equipment failure in 1). Of those with missed
appointments, 53 patients (58.2%) did eventually complete a
cardiac MR study, a median of 60 days after the missed ap-
pointment (IQR 29–107 days).

Factors associated with missed appointments on uni-
variate analysis are presented in Table 2. Patient/parent
level of education (P=0.12 for high school graduate and
P=0.38 for college graduate), being scheduled with
sedation/anesthesia (P=0.42), and having completed a pri-
or cardiac MR (P=0.89) were not associated with having
missed appointments. On multivariable analysis, having
public insurance, scheduled cardiac MR from November
to April, and being referred by a non-cardiologist or for a
research study were independent predictors of missed ap-
pointments (Fig. 1).

In the subset of adult patients, the overall rate of missed
appointments was slightly higher (53/417, 12.7%). Predictors
of missed appointments on univariate analysis were similar,
with the addition of age, as older adults were less likely to
miss appointments (Table 3). There was a trend toward signif-
icance of havingmoremissed appointments during November
to April (16.6% vs. 10.1%, P=0.051). On multivariable anal-
ysis, only having public insurance and referral for a research
study were independent predictors of missed appointments
(Fig. 2).

Compared to patients who missed a single appoint-
ment, patients with multiple missed appointments were

Table 1 Demographics and clinical characteristics in patients referred
for cardiac magnetic resonance imaging (n=795)

Male gendera 453 (57.0)

Age at cardiac MR appointment, yearsb 18.5 (13.4–27.1)

Prior completed cardiac MRa 276 (34.7)

Distance from hospital, milesb 43 (22–91)

Insurancea

Public only 205 (25.8)

Private only 476 (59.9)

Both public and private 107 (13.5)

Unknown 7 (0.9)

U.S. Census block datab

Median household income, $ 52,958 (43,565–67,463)

High school graduate, % 92.0 (88.5–94.4)

College graduate, % 26.0 (17.2–39.6)

Primary indication for cardiac MRa

Tetralogy of Fallot 170 (21.4)

Aortic arch obstruction 94 (11.8)

Cardiomyopathy 94 (11.8)

Single ventricle physiology 67 (8.4)

Aortic dimensions 48 (6.0)

Pulmonary stenosis/pulmonary
insufficiency

46 (5.8)

D-looped transposition of the great arteries 42 (5.3)

Other 234 (29.4)

Referring physiciana

Physician from the same institution 690 (86.8)

Cardiologist 772 (97.1)

Adult cardiologist (if patient >18 years old) 234/406 (57.6)

Scheduled with anesthesiaa 156 (19.6)

Referral for research studya 31 (3.9)

Sitea

Children’s hospital 558 (70.2)

Outpatient adult facility 234 (29.4)

Adult hospital 3 (0.4)

Seasona

November to April 333 (41.9)

May to October 462 (58.1)

a Data are presented as n (%) for categorical variables
b Data are presented as median (interquartile range) for continuous
variables

Table 2 Factors associated with a missed appointment on univariate
analysis (n=795)

Characteristics OR 95% CI P-value*

Public insurance 2.35 1.49–3.74 0.0002

Median household income 0.02

<$52,958 (median) 1.72 1.11–2.72

≥$52,958 Ref

Tetralogy of Fallot 0.47 0.23–0.87 0.02

Referral by non-cardiologist 9.52 4.00–22.8 <0.0001

Referral for research study 3.40 1.44–7.52 0.005

Season 0.004

November to April 1.91 1.23–2.98

May to October Ref

CI confidence interval,OR (unadjusted) odds ratio, Ref reference for odds
ratio calculation

*P-value <0.05 was considered statistically significant
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older (median 23.4 vs. 18.2 years old, P=0.01) and more
likely to be referred by a non-cardiologist (35.7% vs.
3.2%, P<0.0001) or for a research study (21.4% vs.
4.8%, P=0.02). Patients with multiple missed appoint-
ments were also more likely to be scheduled at the chil-
dren’s hospital (89.3% vs. 69.8%, P=0.046). Having
multiple missed appointments was associated with simi-
lar risk factors on univariate analysis to those identified
in patients with one missed appointment (Table 4). There
was no difference in season of cardiac MR (4.1% vs
3.7%, P=0.77). On multivariable analysis, only referral
by a non-cardiologist and referral for a research study
were independent predictors of having multiple missed
appointments (Fig. 3).

Discussion

In this cohort of patients referred for outpatient pediatric and
congenital cardiac MR, there was a significant rate of missed
appointments (11.4% over a 2-year period). Having public
insurance, having scheduled cardiac MR from November to
April, and being referred by a non-cardiologist or for a re-
search study were independent predictors of having a missed
appointment, while medical factors such as indication for car-
diac MRwere not predictive. This is the first study to evaluate
predictors of missed appointments in this population.

Although all missed appointments can place a burden on
the system, congenital cardiac MR can be particularly prob-
lematic because of its already limited access. Although

physician involvement is variable by center, in our center con-
genital cardiac MR is performed as a collaboration between
radiology and cardiology in order to improve patient care by
combining the strengths and expertise of both fields. However
this also increases the physician resources allocated to each
study, which magnifies the problem of missed appointments.
Optimizing show rates is necessary to improve productivity.
Missed appointments also impact patient care, delaying time
to diagnosis for patients who reschedule, as well as limiting
access for other patients because rescheduled patients ulti-
mately occupy multiple slots. Patients with multiple missed
appointments thus become particularly problematic.

The rate of missed appointments was higher than the
rate for missed noncardiac studies at our institution (typ-
ically <5%) but was similar to that reported for all missed
MRI studies from three tertiary academic centers in the
United States [9] and was substantially lower than that
reported for missed MRI appointments in a study based
in Saudi Arabia [10] and even missed primary care ap-
pointments in the United States [11]. Even in different
populations, it is important to note that demographic fac-
tors such as lack of education or having public insurance
also predicted missed appointments in these studies, sug-
gesting that targeted education and intervention might
have the potential to improve patient care and health care
efficiency. The population of patients with congenital
heart disease also might have particular challenges.
Families of younger patients might have to manage mul-
tiple subspecialty appointments, given the high prevalence
of genetic syndromes and noncardiac comorbidities [12],
which might help to explain the frequency of scheduling
issues in those with identified reasons for missed appoint-
ments. In the adult congenital heart disease population,
lapses of care have also been identified as a significant
issue [13, 14]. We found more frequent missed appoint-
ments in younger adults, who might not have transitioned
care or who might have difficulty with insurance.
Although we cannot account for all patients with missed
appointments, particularly patients who did not ultimately
complete a cardiac MR study, this is concerning because
lapses of care in the adult congenital heart disease popu-
lation have been associated with poor outcomes [13].

Fig. 1 Independent predictors of
missed appointments on
multivariable analysis. Data are
presented as adjusted odds ratio
(95% confidence interval). Bold
indicates significant values
(P<0.05)

Table 3 Factors associated with a missed appointment in patients
>18 years of age on univariate analysis (n=417)

Characteristics OR 95% CI P-value*

Age at cardiac MR appointment, years 0.96 0.92–0.98 0.003

Public insurance 2.18 1.18–4.03 0.01

Non-adult cardiologist referral 2.48 1.32–4.78 0.004

Referral for research 5.96 2.29–15.1 0.0004

CI confidence interval, OR (unadjusted) odds ratio

*P-value <0.05 was considered statistically significant
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This study focused on predictive factors that could be iden-
tified prior to the appointment, for targeted intervention, and
did not include a true process improvement methodology to
evaluate all factors that might improve the patient experience
(such as convenience of parking). Thus, although not all rea-
sons could be identified or necessarily modifiable, the factors
we have identified as associated with missed appointments
could inform potential interventions. Missed cardiac MR ap-
pointments during the winter are most likely related to weather
or illness and this is not modifiable. However, the association
between missed cardiac MR appointments and referring phy-
sician suggests that targeted education of the referring physi-
cians could be beneficial, particularly non-cardiologists refer-
ring for congenital cardiac MR such as hematologists or adult
physicians who are not necessarily aware of the limited

availability of congenital cardiac MR. Similarly, patients
scheduled for a research study might be less invested because
the study is often not scheduled for their own clinical benefit.
Thus communication with research coordinators emphasizing
the limited availability of cardiac MR appointments might
help ensure that study subjects arrive as scheduled.

Although the reason for missed appointments could not be
identified in all cases, the majority were related to issues that
could be identified prior to the scheduled study. All patients are
pre-screened at the time of scheduling, but multiple patient fac-
tors can change in the interim. The context of patient reminders
could impact the likelihood of arrival. During the study period,
standard protocol included an automated phone call 3 days prior
to the appointment and awritten reminder in themail, identical to
reminders for other tests or appointments, without further screen-
ing or cardiac-MR-specific questions. The relation of referral by
a non-cardiologist to missed appointments might reflect the pa-
tient–physician relationship because patients prefer to discuss
cardiac-related care with their cardiologist [15]. Alternatively,
this might reflect a missed opportunity for discussion of the
specifics of the study with someone familiar with the test. Live
rather than automated calling systems have been shown to in-
crease patient on-time arrival [16] and can also be effective when
targeted at high-risk populations [17]. Perhaps if patients were
contacted by a person who could answer questions regarding the
test, patients might be more receptive and responsive.
Standardized questions could also be included to evaluate for
changes in eligibility for cardiac MR, such as standard screening
questions and evaluating for insurance or transportation issues.

Fig. 2 Independent predictors of
missed appointments in patients
>18 years old on multivariable
analysis. Data presented as
adjusted odds ratio (95%
confidence interval). Bold
indicates significant values
(P<0.05)

Table 4 Factors associated with multiple missed appointments on
univariate analysis (n=732)

Characteristics OR 95% CI P-value

Public insurance 3.35 1.52–7.93 0.002

Referral by non-cardiologist 34.3 12.7–93.2 <0.0001

Referral for research study 8.40 2.86–22.3 0.0004

Site 0.03

Children’s hospital 3.61 1.25–15.3

Outpatient adult facility Ref

CI confidence interval,OR (unadjusted) odds ratio, Ref reference for odds
ratio calculation

*P-value <0.05 was considered statistically significant

Fig. 3 Independent predictors of
having multiple missed
appointments on multivariable
analysis. Data presented as
adjusted odds ratio (95%
confidence interval). Bold
indicates significant values
(P<0.05)
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Further study is necessary to evaluate the potential im-
pact of such interventions.

This study does have limitations. The retrospective nature
of the study limits its utility in identifying potential factors that
were not recorded, and not all studies had an identified reason
for cancellation or rescheduling because patients can cancel or
reschedule without providing reasons. Although this is a
single-center study, this is a high-volume center with a broad
base of patients and indications for referral.

Conclusion

Cardiac MR is an essential but limited resource for evaluation
of pediatric and congenital heart disease. Demographic fac-
tors, such as having public insurance or being referred by a
non-cardiologist or for a research study, can identify patients
at higher risk for missing appointments. These data might
inform initiatives to limit missed appointments, such as
targeted education of referring providers and patients and sec-
ondary screening for barriers to cardiac MR closer to the time
of the study. Further data are needed to evaluate the efficacy of
interventions to improve patient care, access to cardiac MR,
and clinical productivity.
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