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Prevalence and risk factors associated with non-attendance in
neurodevelopmental follow-up clinic among infants with CHD
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Abstract Background: Neurodevelopmental impairment is increasingly recognised as a potentially disabling
outcome of CHD and formal evaluation is recommended for high-risk patients. However, data are lacking
regarding the proportion of eligible children who actually receive neurodevelopmental evaluation, and barriers to
follow-up are unclear. We examined the prevalence and risk factors associated with failure to attend neuro-
developmental follow-up clinic after infant cardiac surgery. Methods: Survivors of infant (<1 year) cardiac surgery
at our institution (4/2011-3/2014) were included. Socio-demographic and clinical characteristics were evaluated
in neurodevelopmental clinic attendees and non-attendees in univariate and multivariable analyses. Resu/ts:
A total of 552 patients were included; median age at surgery was 2.4 months, 15% were premature, and 80% had
moderate—severe CHD. Only 17% returned for neurodevelopmental evaluation, with a median age of
12.4 months. In univariate analysis, non-attendees were older at surgery, had lower surgical complexity, fewer
non-cardiac anomalies, shorter hospital stay, and lived farther from the surgical center. Non-attendee families had
lower income, and fewer were college graduates or had private insurance. In multivariable analysis, lack of private
insurance remained independently associated with non-attendance (adjusted odds ratio 1.85, p=0.01), with a
trend towards significance for distance from surgical center (adjusted odds ratio 2.86, p =0.054 for 2200 miles).
Conclusions: The majority of infants with CHD at high risk for neurodevelopmental dysfunction evaluated in this
study are not receiving important neurodevelopmental evaluation. Efforts to remove financial/insurance barriers,
increase access to neurodevelopmental clinics, and better delineate other barriers to receipt of neurodevelop-
mental evaluation are needed.
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common.” Children requiring open-heart surgery
during the neonatal or infant period are considered
at high risk for developmental disorders or dis-
abilities.>* This risk is not based solely on
disease severity.” Additional risk factors include
prematurity, genetic abnormalities, history of
mechanical support, cardiopulmonary resuscitation
at any point, perioperative procedures, and prolonged

ITHIN THE UNITED STATES OF AMERICA,

\. —x / ~40,000 infants are born yearly with
CHD.' Although survival of infants with

CHD has improved markedly over the past several

decades owing to enhanced surgical and medical
therapies, neurodevelopmental impairments are
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hospitalisation.” Furthermore, the level of risk can

change over time and deficits can present across

many domains.”>”™ In infants, gross and fine motor
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skills and communication may be most affected,
whereas other deficits — that is adaptive, social/
emotional, cognitive, and executive functioning — ma
not become apparent until later in childhood.’ 1014

For these reasons, neurodevelopmental evaluation is
recommended to improve neurodevelopmental out-
comes from birth to adulthood in children with CHD.?
However, data are lacking regarding the proportion of
children who actually receive this important evaluation.
Failure to keep outpatient appointments is known to be
common across other paediatric populations.”>"” For
example, in neonatal intensive care unit graduates,
follow-up rates in high-risk clinics ranged from 28%
to <50%."®"” Our understanding of barriers to follow-
up is also limited. We know that socio-demographic
factors have been identified in other paediatric popula-
tions.?>?' In addition, for infants with CHD, specia-
lised follow-up services may only be available at the
surgical center and may not be easily accessible locally.
The objective of this study was to determine the
prevalence of neurodevelopmental evaluation at our
institution and to identify risk factors for failure to
attend neurodevelopmental follow-up clinic after infant
cardiac surgery.

Materials and methods

Study population

A list of all patients who were discharged after having
cardiac surgery within the first year of life at our
institution between April 2011 and March 2014 was
obtained through our institutional Society of Thor-
acic Surgeons Congenital Heart Surgery Database.
These patients comprised the study population.
Infants who did not survive to discharge or died
between discharge and the scheduled neurodevelop-
mental appointment date were excluded.

Our standard practice is to refer all infants who
have cardiac surgery between 0 and 12 months of age
to our Congenital Heart Center Neurodevelopmental
Follow-up Clinic, a programme started in April 2011
to provide neurodevelopmental evaluation including
administration of the Bayley Scales of Infant and
Toddler Development and review of parent-reported
measures of development and psychosocial function-
ing by a paediatric psychologist. A social worker and
dietician are available to meet with families as
needed. In addition, since January 2014, initial visits
may also include a physical exam focused on neuro-
motor assessment by a paediatric nurse practitioner.
During the infant’s surgical hospitalisation, parents
received information about the clinic and infants
were referred at discharge. After discharge, parents
were contacted by the neurodevelopmental clinic to
schedule the infant’s evaluation. Since late 2013,
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patients are scheduled before discharge. Following
the initial visit at 9-12 months of age, follow-up is
scheduled at 18-24 months, and 3 years with referral
to our school age programme for children over 4 years
of age. On the basis of the evaluation, referrals are
made to local early intervention or private
programmes for physical, occupational, or speech
therapies available throughout the region.

Study procedures and data collection

After Institutional Review Board approval with
waiver of informed consent, medical records were
retrospectively reviewed to retrieve demographic data
including age at time of surgery, sex, race, maternal
age at time of birth, residence location, insurance
type, and cardiologist location and whether affiliated
with the surgical center. Clinical data included CHD
severity — mild, moderate, or severe as previously
described by Wernovsky™ — and the Society of
Thoracic Surgeons-European Association for Cardio-
Thoracic Surgery risk category; comorbid conditions
such as prematurity <37 weeks, genetic abnormality
or syndrome, seizures, treatment with extracorporeal
membrane oxygenation/ventricular assist device, or
heart transplantation during initial surgical hospita-
lisation; and total length of hospital stay.

United States Census block data for place of resi-
dence as last designated in the medical record,
including family income and parental educational
levels, were collected. The University of Michigan
Congenital Heart Neurodevelopmental Outcome
database was reviewed to ascertain attendance in the
Congenital Heart Center Neurodevelopmental
Follow-Up clinic at any time during the study
period. Individuals who initially cancelled and later
attended a Neurodevelopmental clinic follow-up
appointment were included as “attendees”.

Outcome measures

The primary outcome was attendance at the sched-
uled neurodevelopmental clinic appointment for
evaluation.

Statistical analysis

The prevalence of neurodevelopmental follow-up was
calculated by determining the percentage of survivors
following CHD surgery during the study period
who attended follow-up appointments at our
centre for neurodevelopmental evaluation. Univariate
comparisons of clinical and socio-demographic factors
were made between attendees and non-attendees to
identify factors associated with neurodevelopmental
clinic appointment attendance using X~ test or


https://doi.org/10.1017/S1047951117002748

556 Cardiology in the Young

Fisher’s exact test for categorical variables and Wil-
coxon rank sum test for continuous variables. Age at
time of surgery was also evaluated as dichotomous
(age <30 days [neonate] versus =30 days). Other
continuous variables including family income,
parental educational levels, and hospital length of
stay were also examined categorically using the low-
est quartile. Distance to surgical center was examined
categorically based on the distribution of the variable.
Variables found to be significantly associated with
non-attendance in univariate analysis (p < 0.05) were
further evaluated in multivariable logistic regression
to assess independent associations with non-
attendance. Multicollinearity for the variables inclu-
ded in the multivariable analysis was examined using
variance inflation factor. When variance inflation
factor is >10, the variables are considered collinear.
The variance inflation factors for all variables inclu-
ded in the model were <1.8, demonstrating that
multi-collinearity is not a problem for this model.
A p-value of <0.05 was considered statistically
significant. All analyses were performed using IBM
SPSS Statistic 22.

Results

Study population

During the study period, 574 infants had cardiac
surgery. A total of 22 patients were excluded owing
to death before neurodevelopmental evaluation. The
remaining 552 had cardiac surgery at a median age of
2.4 months (interquartile range 0.2—4.9); 80% of the
patients had moderate or severe CHD. Approxi-
mately one-third (32%) received cardiac follow-up at
the surgical center and 10% lived >200 miles from
our centre. Approximately one-half (51%) had
private insurance. Other socio-demographic and
clinical characteristics are summarised in Table 1.

Prevalence of neurodevelopmental follow-up

Overall, 17% (94/552) of infants returned for neuro-
developmental evaluation during the follow-up period,
with attendance remaining unchanged across the 3
years of the study, including the final 6 months fol-
lowing a modification of the scheduling process. Year 1
attendance was 21.3%, year 2 attendance was 14%, and
year 3 attendance was 15.2%, slightly higher in year 1
with longer follow-up time. Median age at first neuro-
developmental evaluation was 12.4 months, ranging
from 9.6 to 48.5 months.

Univariate analysis

As shown in Table 2, in univariate analysis, non-
attendees were older at surgery (p <0.001) and had a
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Table 1. Patient/family demographics and clinical characteristics
(n=552)*

Socio-demographic characteristics

Male gender 309 (56.0%)

Race
Caucasian 424 (76.8%)
African-American/Black 53 (9.6%)
Other 75 (13.6%)
Maternal age at infant birth (years) 29.0 (24-33)

Distance to surgical center

<200 miles 496 (89.9%)
>200 miles 56 (10.1%)
Insurance
Private 282 (51.1%)
High school graduate (GED or Equiv.) 91.6 (85.5-95.4)
(%)**

21.7 (12.4-35.9)
61,392 (45,694-77,981)

College graduate (%)**
Median family income (US$)**
Cardiologist location

Surgical center

Outside

Clinical characteristics

Age at time of surgery (months)
Prematurity, <37 weeks
Non-cardiac anomaly
Genetic/chromosomal abnormality
Diagnosis severity***

176 (31.9%)
376 (68.1%)

2.4 (0.2-4.9)
84 (15.2%)
150 (27.2%)
143 (25.9%)

Mild 113 (20.5%)
Moderate 199 (36.1%)
Severe 240 (43.5%)

STAT category
Low (categories 1-3)
High (categories 4-5)
Hospital length of stay (days)
<8 days

311 (56.3%)
241 (43.7%)
15.0 (8.0-26.0)
153 (27.7%)

Perioperative extracorporeal 9 (1.6%)
membrane oxygenation
Perioperative seizures/neurological 67 (12.1%)

disorders

STAT = Society of Thoracic Surgeons-European Association for Cardio-
Thoracic Surgery

*Data presented as frequency (%) for categorical variables; median
(interquartile range) for continuous variables

**United States Census block data as based off the 2009-2013 American
Community Survey

##%Diagnosis severity as defined in the methods®>

lower Society of Thoracic Surgeons-European Asso-
ciation for Cardio-Thoracic Surgery category
(p=0.04). Non-attendees also had shorter hospital
stays (p = 0.02), and were less likely to have seizures/
neurological disorders (p=0.02) or non-cardiac
anomalies (p =0.01). There was no significant dif-
ference between attendees and non-attendees with
respect to the presence of a genetic/chromosomal
abnormality (p=0.73).

Non-attendees were less likely to have a cardio-
logist at the surgical center (p=0.004) and more
likely to live more than 200 miles from the surgical
center (p=0.04). With respect to family characteri-
stics, families of non-attendees were more likely to
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Table 2. Univariate comparison of neurodevelopmental follow-up clinic attendees versus non-attendees.

Attendees (n =94) Non-attendees (n =458) p-value**
Socio-demographic factors

Male gender 52 (55.3) 257 (56.1) 0.89
Caucasian race 76 (80.9) 348 (79.6) 0.14
Distance to surgical center

<200 miles 90 (95.7) 406 (88.6) 0.04
Insurance

Private 62 (66.0) 220 (48.0) 0.002
College graduate (%) 22.8 (13.7-32.8) 21.5 (11.6-36.4) 0.36

<12.4 (<25th percentile) 15 (16.1) 120 (26.8) 0.03
Median family income (US$) 63,611(50,079-73,565) 60,752 (43,936-78,098) 0.54

<45,694 (<25th percentile) 15 (16.1) 120 (26.8) 0.03
Cardiologist location

Surgical center 42 (44.7) 134 (29.3) 0.004

Clinical characteristics

Age at time of surgery (months) 0.8 (0.1-3.6) 2.6 (0.3-5.0) 0.0004

30 days 49 (52.1) 178 (38.9) 0.02
Premature, <37 weeks 10 (10.6) 74 (16.2) 0.17
Diagnosis severity 0.06

Mild 17 (18.1) 96 (21.0)

Moderate 26 (27.7) 173 (37.8)

Severe 51 (54.3) 189 (41.3)
STAT category 0.04

Low (categories 1-3) 44 (46.8) 267 (58.3)

High (categories 4-5) 50 (53.2) 191 (41.7)
Hospital length of stay (days) 18.0 (10.0-30.0) 14.0 (8.0-25.0) 0.02

<8 days 18 (19.1) 135 (29.5) 0.04
Extracorporeal membrane oxygenation 4 (4.3) 5(1.1) 0.05
Non-cardiac anomaly 36 (38.3) 114 (24.9) 0.01
Genetic/chromosomal abnormality 23 (24.5) 120 (26.2) 0.73
Seizures/neurological disorders 18 (19.1) 49 (10.7) 0.02

STAT = Society of Thoracic Surgeons-European Association for Cardio-Thoracic Surgery
*Data presented as frequency (%) for categorical variables; median (interquartile range) for continuous variables

2 . 5 . . . . .
*#p-value from )~ test or Fisher’s exact test for categorical variables and Wilcoxon rank sum test for continuous variables

have a median income below the 25th percentile
(p=0.03), and were less likely to be college graduates

cardiac surgery in the first year of life. Lack of private
insurance was associated with almost a twofold risk of

(p=0.03) based on census block data. In addition,
non-attendees were less likely to have private insurance
(p=0.002). There was no association between insur-
ance type and distance from the surgical centre

(p=0.65).

Multivariate analysis

In multivariable analysis (Table 3), lack of private
insurance was the only factor that remained inde-
pendently associated with non-attendance (p =0.01).
Non-attendance also tended to be associated with
living 2200 miles from our surgical centre

(p=0.054).

Discussion

This single-centre, retrospective study identified a
low rate of attendance in neurodevelopmental follow-
up clinic for children with CHD who underwent
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non-attendance in our study. In addition, living far-
ther from the surgical center tended to be associated
with non-attendance. Multiple factors may influence
loss to follow-up in paediatric populations. To our
knowledge, this study is the first to evaluate and
characterise risk factors associated with non-
attendance for the CHD population.

Prevalence of non-attendance

A scientific statement from the American Heart
Association recommends that all children with CHD
receive long-term neurodevelopmental surveillance.’
The majority of our patients (83%), however, did not
return for neurodevelopmental follow-up. Our find-
ings are consistent with other studies documenting
low rates of attendance in paediatric subspecialty or
follow-up clinics.'®'?* 2 In a retrospective review
of very low birth weight infants, follow-up rates for
patients enrolled in neonatal high-risk follow-up
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Table 3. Risk factors for non-attendance in neurodevelopmental
follow-up clinic in multivariable analysis.

95%
Adjusted  confidence

odds ratio  interval p-value*

Distance from surgical site

<200 miles Reference

>200 miles 2.86 0.98-8.31  0.054
Insurance

Private Reference

Non-private 1.85 1.14-3.04  0.01
Median family income (US$)

<45,694 1.59 0.85-2.97 0.14

(25th percentile)

>45,694 Reference
Age at time of surgery (days)

<30 days Reference

>30 days 1.35 0.74-2.49  0.33
STAT category

Low (1-3) 1.26 0.70-2.28 0.44

High (4-5) Reference
Hospital length of stay (days)

<8 days 1.21 0.62-2.35 0.58

>8 days Reference
Non-cardiac anomaly 1.60 0.98-2.62  0.06

Seizure/neurological disorder 1.54 0.81-2.90 0.18

STAT = Society of Thoracic Surgeons-European Association for
Cardio-Thoracic Surgery
*p-value from multivariable logistic regression

clinics were documented at 28%.'2 Within this
study, inadequate insurance coverage and distance
from the clinic site were documented reasons for low
follow-up rates.'” Return rates of <50% were docu-
mented for former neonates referred for continued
high-risk developmental follow-up and continued
subspeciality care.'® Additionally, follow-up rates as
low as 31% have been reported among newborns
referred for additional audiology screening, with
distance from clinic site and transportation and
insurance coverage being cited as common
barriers.*™

Lack of private insurance as a risk factor for non-
attendance

Lack of private insurance was the only independent
factor associated with neurodevelopmental loss to
follow-up in our study. Previous studies linked the
lack of private insurance to low socio-economic
status, increased barriers to accessing continued
medical care, and loss to follow—up.267 ? In a retro-
spective cohort study, Chang et al found that children
with adequate public insurance coverage and Medi-
caid reimbursement were more likely to have poor
follow-up compliance post cochlear implantation
when compared with those with private insurance.”’
Furthermore, Skinner and colleagues also noted that
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children with public insurance had access to speci-
ality care, but were less likely to access this care when
compared with individuals with private insurance.”
These findings suggest that perhaps access to
speciality care may by limited owing to decreased
availability of resources — transportation, child care,
etc. — encountered by patients from lower socio-
economic statuses lacking private insurance. This is
consistent with our findings from univariate analyses
that non-attendees were more likely to live within a
census block group with a family income below the
25th percentile.

Distance from the site of neurodevelopmental evaluation as
a risk factor for non-attendance

Living >200 miles from the surgical center where
neurodevelopmental evaluations were performed
tended to be associated with non-attendance. Schultz
and colleagues observed that distance from the neuro-
developmental testing site was an important factor in
failure to complete neurodevelopmental follow-up at 1
year of age in multiple-gestation births in which one
child had CHD.”® Mussatto et al’" also noted that non-
attendees lived farther away than attendees and had less
complex operations. As a large referral centre, many
patients travel a long distance within and outside of our
state for surgical repair, but may perceive travel for
neurodevelopmental follow-up, which may not be
available locally, as less important.

Clinical characteristics as visk factors for non-attendance

In our study, univariate analysis suggests that non-
attendance was also associated with older age at
surgery, lower surgical Society of Thoracic Surgeons-
European Association for Cardio-Thoracic Surgery
risk categories, and shorter hospital length of stay.
Previous studies have found that clinical and family
factors such as severity of illness or parent’s percep-
tions of their child’s illness and perceived cost-benefit
of apgointments may influence paediatric follow-up
rates.” > In the CHD population, clinicians have
observed that parents often focus on their child’s
heart disease and have lower developmental expecta-
tions."® Consistent with this observation, attendance
is reported to be more common in cardiology clinics
than in other sub-speciality clinics."””> In our study,
the absence of a non-cardiac anomaly tended to be
associated with non-attendance. Perhaps the presence
of additional non-cardiac anomalies motivated
parents to seek further evaluation to identify poten-
tial neurodevelopmental deficits. Interestingly, the
presence of a known genetic/chromosomal abnorm-
ality, a recognised risk factor for adverse neuro-
developmental outcomes, was not associated with
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attendance at neurodevelopmental follow-up. These
findings suggest that parents of children referred
to our neurodevelopmental follow-up clinic may
underestimate the importance of this evaluation. As a
result, parents may focus on their child’s heart dis-
order while overlooking other aspects of well-being
and development.

Limitations

This study encompassed the largest analysis to date
evaluating factors associated with non-attendance
with neurodevelopmental follow-up in the CHD
population. However, important limitations must be
considered. Being a single-centre study, our results
may not be generalisable across all centres. Families
may have moved and failed to receive reminder
notices before scheduled appointments as appoint-
ments were often made well in advance of planned
follow-up at 9—12 months of age. Furthermore, some
infants may have received developmental screening
and/or services through local, state-supported early
intervention programmes, which parents perceived as
sufficient. In addition, as data collection was limited
to chart review and census data, further detailed
assessments of parental attitudes and beliefs towards
the importance of neurodevelopmental behaviours, of
individual family circumstances/resources (including
insurance coverage of developmental or mental
health services), and other family factors could not be
captured. This will require further study and we are
currently prospectively attempting to elicit reasons
for neurodevelopmental clinic appointment cancel-
lation. Finally, while our methodology using census
block groups has been widely used in other similar
studies, we were limited to inferring that a patient’s
block group represents his/her socio-demographic
status based on the last known address. This study,
however, was a necessary first step in addressing this
important issue of neurodevelopmental follow-up.

Conclusion

Neurodevelopmental follow-up is recommended for
children with congenital heart surgery during
infancy. Lack of private insurance, which may be a
marker of other social risk factors, was a significant
risk factor for non-attendance at neurodevelopmental
follow-up evaluation. Furthermore, parents may not
understand that risk of adverse neurodevelopmental
outcomes is not based solely on CHD severity. Our
findings suggest the need to minimise barriers to
follow-up for families and to better educate parents
regarding their child’s neurodevelopmental risk.

On the basis of the findings from this study, we
have modified our practice in several ways in an
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attempt to augment the rate of follow-up. Practice
changes include calling to remind families of the sched-
uled visit, providing further information regarding the
importance of follow-up, and eliciting reasons for can-
cellation. We have also launched a developmental care
initiative to promote and model practices to support
infant development during hospitalisation and to
emphasise the importance of ongoing neurodevelop-
mental evaluation. Further research is needed to under-
stand the impact of these initiatives, and to better
understand ways through which neurodevelopmental
evaluation and follow-up can be delivered, integrated,
and encouraged as part of standard care to individuals
with CHD starting from infancy.
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