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Abstract

Background: Children with CHD are at risk for neurodevelopmental delays, and length of hos-
pitalisation is a predictor of poorer long-term outcomes. Multiple aspects of hospitalisation
impact neurodevelopment, including sleep interruptions, limited holding, and reduced devel-
opmental stimulation. We aimed to address modifiable factors by creating and implementing
an interdisciplinary inpatient neurodevelopmental care programme in our Heart Institute.
Methods: In this quality improvement study, we developed an empirically supported approach
to neurodevelopmental care across the continuum of hospitalisation for patients with CHD
using three plan-do-study-act cycles. With input from multi-level stakeholders including
parents/caregivers, we co-designed interventions that comprised the Cardiac Inpatient
Neurodevelopmental Care Optimization (CINCO) programme. These included medical/
nursing orders for developmental care practices, developmental kits for patients, bedside
developmental plans, caregiver education and support, developmental care rounds, and a spe-
cialised volunteer programme. We obtained data from the electronic health record for patients
aged 0–2 years admitted for at least 7 days to track implementation. Results: There were 619
admissions in 18 months. Utilisation of CINCO interventions increased over time, particularly
for the medical/nursing orders and caregiver handouts. The volunteer programme launch was
delayed but grew rapidly and within six months, provided over 500 hours of developmental
interaction with patients. Conclusions: We created and implemented a low-cost programme
that systematised and expanded upon existing neurodevelopmental care practices in the cardiac
inpatient units. Feasibility was demonstrated through increasing implementation rates over
time. Key takeaways include the importance of multi-level stakeholder buy-in and embedding
processes in existing clinical workflows.

Children born with CHD are at risk for lifelong neurodevelopmental delays, which impact long-
term educational, vocational, and psychosocial outcomes as well as overall quality of life.1–5

While the aetiology of these neurodevelopmental delays is multifactorial, longer duration of
post-surgical hospitalisation has been consistently shown to predict poorer long-term neuro-
developmental outcomes, even when controlling for medical complexity and comorbidities.6,7

There are multiple aspects of inpatient hospital care, particularly in an ICU, that are suboptimal
for neonatal and infant neurodevelopmental. These include spending much of the day in bed
with limited stimulation, reduced holding/skin-to-skin contact due to mobility limitations or
lack of caregiver confidence, and frequent sleep interruptions for medications or vital sign
assessments.8–10 The surgical hospitalisation impacts the child and the caregiver; up to 80%
of parents will experience post-traumatic stress symptoms after their child’s surgery, which
may persist for years and have been shown to impact the child’s neurodevelopmental out-
comes.11,12 Importantly, many of these factors are modifiable, yielding an exciting opportunity
to potentially improve neurodevelopmental outcomes by altering standard cardiac inpatient
care practices and bolstering support for patients and families.

Existing scientific literature recommends incorporating neonatal ICU-like developmental
care practices into cardiac ICU care10,13–15 and describes site-by-site variations in cardiac
ICU developmental care,16,17 but there is less guidance around the practicalities of developing
and implementing comprehensive, interdisciplinary cardiac inpatient developmental care
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programmes. At our centre, we had many inpatient clinical team
members providing aspects of neurodevelopmental care at an indi-
vidual patient level, but we lacked a systematic, integrated, univer-
sal approach to providing neurodevelopmental care in the cardiac
ICU and cardiac progressive care unit settings. To bring this
important element of care front of mind and improve integration
of neurodevelopmental interventions, we created the Cardiac
Inpatient Neurodevelopmental Care Optimization (CINCO) pro-
gramme. We sought to include interventions that could be easily
and reliably integrated into existing clinical roles and workflows
that would be generalisable to other paediatric cardiac inpatient
care settings.

Materials and methods

We implemented a prospective, single-site quality improvement
interventional study at Children’s Hospital Colorado, a tertiary
care academic paediatric hospital, and reported according to
SQUIRE 2.0 guidelines.18

Context

The overarching goal of the CINCO programme was to systematise,
standardise, and augment the existing neurodevelopmental care
practices in our cardiac inpatient units. CINCO was designed to
be low cost, with processes that could be integrated into existing
clinical team members’ established workflows while reducing
redundancy and increasing efficiency. Important contextual fac-
tors included an existing, highly invested interdisciplinary team
including physical therapy, speech/language pathology, occupa-
tional therapy, psychologists, nurses, social workers, child life
specialists, physicians, and advanced practice providers.
Furthermore, CINCO built upon enthusiasm for neurodevelop-
mental care demonstrated through our participation as a found-
ing institutional member of the Cardiac Neurodevelopmental
Outcome Collaborative.

With respect to institutional size and resources, the inpatient
cardiology service includes a 22 bed cardiac ICU and a 24 bed car-
diac progressive care unit (that can flex up to 34 beds). Within the
Heart Institute, we have dedicated physical therapy, occupational
therapy, and speech/language pathology providers, with a total of
8.0 clinical full time equivalent (FTE), as well as two full-time
inpatient cardiac child life specialists, three full-time cardiac social
workers, and a chaplain. We also have a clinical psychologist and
neuropsychologist with a total of 1.6 FTE dedicated to clinical care,
programme development, and research.

Preparation

The first step in designing the Cardiac Inpatient Neurodevelopmental
Care Optimization programme was creating a steering team of
interdisciplinary19 content experts and clinicians who understood
and valued the importance of integrating neurodevelopmental
interventions into inpatient care for patients with CHD. The team
reviewed existing literature on inpatient cardiac neurodevelop-
mental care and facilitated focus groups to obtain input and
buy-in from clinical team members and parents/caregivers.
These discussions elucidated the current state and future ideal state
of neurodevelopmental practices across the Heart Institute
(Table 1).

With input and buy-in from clinical team members and paren-
tcaregiver representatives, the Cardiac Inpatient Neurodevelopmental
Care Optimization steering team created five categories of

interventions that together united an interdisciplinary team to
implement evidence-based neurodevelopmental intervention at
key time points along the continuum of care for patients in the
cardiac ICU/cardiac progressive care unit. Executive leadership
buy-in was obtained, and internal grant funding was secured
for the minor costs associated with CINCO. Most of this funding
supported the Developmental Kits, described below, with the
remainder used for informatics and biostatistics support for tracking
CINCO implementation. Three plan-do-study-act cycles, each last-
ing six months, were completed (Phase I occurred from 9/1/20 to 2/
28/21; Phase II from 3/1/21 to 8/31/21; and Phase III from 9/1/21 to
2/28/22).

Intervention

CINCO order panels
Towards the goal of facilitating a “home-like” environment for our
youngest cardiac inpatients, Order Panels were designed for the
cardiac ICU and cardiac progressive care unit in the electronic
medical record (Epic Hyperspace; Fig 1A). The goals of the orders
were to safely increase time spent out of bed, cluster cares and
medicine, and minimise sleep disruptions.

A preliminary barrier when creating these Order Panels was our
institution’s nursing informatics team’s impression that the
instructions were redundant with standard clinical care and did
not require a separate order set. We met with nursing informatics
to discuss the importance of consistent, standardised neurodeve-
lopmental care practices in the cardiac ICU and cardiac progressive
care unit, and the Order Panel was ultimately approved. Important
to this discussion was the concept that placing orders for neuro-
developmental care interventions engages medical and nursing
providers in considering neurodevelopmental implications of
multiple aspects of the inpatient environment and can reset expect-
ations around traditional practices (e.g., that holding/skin-to-skin
is always unsafe in the cardiac ICU).

Another barrier was the concern from cardiac progressive care
unit physicians and advanced practice providers around skipping
overnight every 4-hour hands-on vital sign assessments in children
based on diagnosis or surgical stage rather than clinical stability. To
address this concern, the CINCO team augmented education for
providers, particularly around the options to select/unselect spe-
cific order options for individual patients. For example, all infants,
irrespective of specific CHD diagnosis or surgical stage, could ben-
efit from being out of bed during waking times and having their
medications bundled in the cardiac progressive care unit, even if
overnight vital signs were still important to obtain. During
Phases I and II of CINCO, there was a high need for frequent
re-education of cardiology inpatient providers, nursing, and clini-
cal support staff, due to turnover and conflicting priorities. To this
end, nursing neurodevelopmental care champions were identified
for the cardiac ICU and the cardiac progressive care unit, who
helped drive and reinforce neurodevelopmental education and
nursing buy-in for the CINCO programme.

Developmental plans and kits
The physical therapy, occupational therapy, and speech/language
pathology team led the creation of bedside Developmental Plans
(Fig 1B), with the goal of clearly communicating (e.g., to a volun-
teer, parent/caregiver, or clinical team member) suggestions for
individualised, developmentally appropriate, and medically safe
activities to promote the patient’s neurodevelopmental. Goals were
included for each patient, one from each therapy discipline and a
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fourth goal to promote time spent out of bed, with a daily schedule
to check off when each activity was completed. Examples of goals
included “hold me chest to chest,” “talk, read, and sing to me,”
“help me bring my hands to midline,” and “help me look to the
left.” The plan was displayed in the patient’s room to encourage
team members and parent/caregivers to integrate neurodevelop-
mental care into the daily care routines.

Identification of patients who would benefit from a
Developmental Plan was integrated into an existingweekly therapies
teammeeting by reviewing a census list of the units. Developmental
Plans were hung by the team and updated weekly. Additionally,
stickers with information specific to patients with sternal or wound

vac precautions were developed to easily communicate activity
adaptations to caregivers, staff, and volunteers (Fig 1C). A unique
Smart Phrase in the electronic medical record was entered into
the routine therapy progress note when a patient first received a
Developmental Plan, to track implementation, and each week when
Developmental Plans were updated, the old Plan was scanned into
the electronic medical record as a mobile photo.

The physical therapy, occupational therapy, and speech/lan-
guage pathology team designed Developmental Kits to comple-
ment the Developmental Plans and provide patients with
developmentally appropriate toys, books, and activities (Fig 1D).
Developmental Kits were distributed at the time of therapists’ first

Table 1. Stakeholder focus groups

Focus group members Key questions Take-home points

Multidisciplinary Clinical Team
1. Physical therapists
2. Speech/language pathologists
3. Occupational therapists
4. Social workers
5. Child life specialists
6. Psychologists
7. Nurses
8. Cardiology inpatient attending

physicians and advanced
practice providers

What are you already doing in your respective roles, in
terms of cardiac ND care, that we can build upon?

Team members valued ND-centred care and provided
it on an individual level
Implementation of ND care sometimes varied among
different providers even within the same specialty

Clinical acuity or patient instability was not identified
as consistent barriers to providing ND care

What are the biggest challenges you face in your role
to provide consistent ND care in the CICU/CPCU, and
what are your ideas to overcome these challenges

Parents/Caregivers
• 10 parents (9 mothers, 1 father)
• All had children aged 0–2 years of
age who had recently extended
hospitalisations in our cardiac
units

• Parent sociodemographic data
were not collected at the time of
the focus group

When your child was hospitalised, were you thinking
about their ND?

Parents/caregivers were concerned about their child’s
ND even during the most critical CICU time periods
Cardiac-specific volunteer training would significantly
increase parent/caregivers’ comfort level with these
volunteers interacting with their child at bedside

Would you have liked more information or activities to
do to help their ND?

If you couldn’t be present at bedside, how would you
have felt about trained volunteers providing ND
activities for your child?

Note. ND= neurodevelopment(al); CICU= Cardiac ICU.

Figure 1. Illustrations of selected CINCO interventions.
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meeting with the parent/caregiver and were for the family to keep
(per epidemiology policy and also to provide opportunity for home
enrichment). A unique Smart Phrase in the electronic medical rec-
ord was added to the therapy progress note to track Developmental
Kit distribution. In addition, larger items that were able to be sani-
tised were purchased for the units (Fig 1F). Barriers to implemen-
tation of the Developmental Kits in Phase I included identifying
the most appropriate team member for ordering and restocking
the kits, supply chain issues related to the COVID-19 pandemic,
and initially only purchasing board books in English. These were
addressed in Phase II by a therapy aide staff member taking owner-
ship of ordering and adding board books in Spanish (the most
common language other than English spoken in our region) to
the Developmental Kits.

Volunteers
A key concept of the initial CINCO programme design was to
develop a specially trained cadre of volunteers who could provide
developmental stimulation to appropriate patients. The first step
was to meet with our hospital-wide Association of Volunteer lead-
ership to present the rationale and obtain buy-in. Cardiac Inpatient
Neurodevelopmental Care Optimization volunteers underwent
the Association of Volunteer screening and training for hospital
volunteers, plus additional cardiac-specific training with our car-
diology child life specialists. We also obtained autonomy to
schedule and direct the activities of our CINCO Volunteers.
After completing general hospital Association of Volunteer
screening and orientation, CINCO Volunteers-in-training
attended a presentation from a cardiology child life specialist
about cardiac neurodevelopment and medical aspects of cardiac
ICU/cardiac progressive care unit care (e.g., sternal closures).
Cardiac Inpatient Neurodevelopmental Care Optimization
Volunteers-in-training then shadowed an existing CINCO
Volunteer (or child life specialist) for two 4-hour shifts, before
volunteering independently.

Patients were identified as ready for a CINCO Volunteer if they
had a CINCO Developmental Plan at bedside. This served to
eliminate patients who were not medically stable enough for devel-
opmental activities (particularly in the cardiac ICU). As such, the
CINCO Volunteers acted as “therapy extenders,” completing
Developmental Plan activities and using Developmental Kit mate-
rials at bedside. A yellow star (Fig 1E) was placed on the door
nameplate of patients with CINCO Developmental Plans, so
Volunteers could easily identify them. In Phase II, we additionally
created a Patient List in the electronic medical record that was
shared among clinical staff including nursing, child life specialists,
physical therapy, occupational therapy, speech/language pathol-
ogy, and psychology providers and used to communicate to the
Volunteers which patients would benefit from Volunteer
interaction.

Parent/caregiver education and care
Although the impact of having an infant with critical CHDon care-
giver mental health is well-documented in the literature, the care-
givers in our focus group and more broadly in our clinical
experience identified gaps in family support and education around
caregiver mental health. We developed two educational handouts
to inform and empower caregivers in the inpatient units. The first
handout discussed the importance of parental presence, ways to
promote bonding and development in the hospital setting, strate-
gies for self-care, and advocacy along with the Care Partnership
Pyramid.20 The second handout focused on parent/caregiver

mental health, including normalising symptoms of distress in this
context, statistics on the incidence of clinically significant anxiety,
depressive, and traumatic stress symptoms, and guidance on seek-
ing help. The handouts were reviewed by our hospital Health
Literacy department for accessibility and translated into Spanish.
The handouts were incorporated into a folder with additional
resources given to families by social work at admission, and a
Smart Phrase in the electronic medical record was used to docu-
ment distribution.

Developmental care rounds
During Phase II, the team initiated weekly bedside Developmental
Care Rounds in the cardiac ICU and cardiac progressive care
unit, with the goals of providing intensive developmental education
and support to a few patients/families each week, as well as driving
overall CINCO programme implementation and uptake.
Developmental Care Rounds was designed to include a 30-minute
interdisciplinary team pre-meeting and then one hour conducting
Developmental Care Rounds at bedside with parents/caregivers.
To pilot the process, Developmental Care Rounds initially launched
in the cardiac progressive care unit and included two patients/fam-
ilies per week. With experience, Developmental Care Rounds was
able to progress to include 3–4 patients/families per week and to
include patients in both the cardiac ICU and cardiac progressive care
unit. Interdisciplinary teamparticipation routinely includes nursing,
physical therapy, occupational therapy, speech/language pathology,
and psychology representation, often with additional disciplines.
During the pre-meeting, the census lists of the cardiac ICU and
cardiac progressive care unit are reviewed for patients who might
be appropriate for CINCO interventions (Order Panels,
Developmental Plans and Kits) but do not yet have them. Follow-
up messages to medical providers from Developmental Care
Rounds are sent to request consideration for placing CINCO
Orders, and our physical therapy, occupational therapy, speech/lan-
guage pathology team directly provides the Developmental Plans
and Kits, as well as additional activities, interventions, education,
and handouts as appropriate. In this way, Developmental Care
Rounds acts as both an educational intervention with both families
and team members, and a driver of other CINCO interventions.

Analysis

Approval for the present study was obtained from Children’’s
Hospital Colorado’s Organizational Research Risk and Quality
Improvement Review Panel. The target population for the present
implementation study included patients 0–2 years of age who were
admitted to the cardiac ICU or cardiac progressive care unit for at
least seven days. The first plan-do-study-act cycle (implemented 9/
1/2020) included the Order Panels, Developmental Plans and Kits,
and Caregiver Support Handouts. Due to hospital COVID-19
policies, the volunteer programme implementation was delayed
to 9/1/2021. A total of three plan-do-study-act cycles were com-
pleted at 6-month intervals to regularly assess implementation
and overcome barriers to successful integration.

Process aims for initiating Cardiac Inpatient Neurodevelopmental
Care Optimization programme were developed as follows:
Aim 1: To implement and increase utilisation of the Cardiac
Inpatient Neurodevelopmental Care Optimization Order
Panels, Developmental Plans and Kits, and Caregiver Support
Handouts from 0 to 50% by 3/1/2022; and Aim 2: To reach
at least 500 hours of specialised Cardiac Inpatient Neuro-
developmental Care Optimization Volunteer direct patient
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contact, performing neurodevelopmental interventions and
supportive cares, by 3/1/2022. To assess for unintended conse-
quences of the increased normalisation of routines, which
included more time out of bed and fewer sleep interruptions
to perform physical assessments, the team also began to track
dislodgements of medical devices (e.g., Gastric tubes, peripheral
lines, Nasogastric tubes) as a balancing measure. From the ini-
tiation of the CINCO programme, we instituted twice-monthly
virtual meetings for CINCO interdisciplinary team members,
to facilitate communication around successes and barriers to
implementation.

Patient descriptive data and implementation metrics for Aim 1
were obtained via automatic data extractions from the electronic
medical record and uploaded to Research Electronic Data
Capture (hosted at Children’s Hospital Colorado).21 Race and eth-
nicity were gathered as reported in the electronic medical record
and were collected because of research showing adverse cardiac,
and neurodevelopmental outcomes have been associated with
non-White race and non-Hispanic ethnicity for infants with
CHD.22–24 Volunteer tracking data for Aim 2 were obtained via
a Research Electronic Data Capture survey that each volunteer
completed at the end of each shift, by scanning a QR code attached
to their volunteer badge. The survey assessed the duration of the
shift, the number of patients with whom the volunteer made con-
tact, and the developmental interventions or activities performed
with each patient. A statistical process control chart was used to
track utilisation of process measures over time. Pairwise com-
parison of utilisation across the three plan-do-study-act cycles
was also used to evaluate changes in implementation over time.
Additional exploratory bivariate analyses examined whether
CINCO utilisation differed by patient sociodemographic or
medical characteristics, including sex, race, ethnicity, prematu-
rity (yes/no), age at admission, history of extracorporeal mem-
brane oxygenation, Society of Thoracic Surgeons-European
Association for Cardio-Thoracic Surgery surgical score, and
hospital length of stay. Missingness was dealt with using pair-
wise deletion and was assessed to determine if it occurred at
random. Wilcoxon rank sum test was used to compare the
median of continuous variables, while chi-squared test was
applied to compare the categorical variables. P-values less than
0.05 were considered statistically significant. Statistical process
controls were created using QI Macros software (KnowWare
International, Inc., Denver, Colorado). All other statistical
analyses were performed using SAS V9.4 (Cary, NC).

Results

During the 18-month study period, there were 619 admissions of
patients aged 0-2 years to the cardiac ICU or cardiac progressive
care unit lasting at least seven days (Table 2). A proportion of
race/ethnicity data was missing from the electronic medical record,
but was determined to be missing at random. Statistical process
control charts demonstrated increased utilisation of CINCO inter-
ventions over time with both an increased trendline and a centre-
line shift for CINCO cardiac ICU/cardiac progressive care unit
Order Panels (Fig 2). CINCO Order Panel utilisation increased
from 0 to 55% by 3/1/2022, for a total of 279 Order Panels acti-
vated. Pairwise comparisons of Order Panel utilisation in plan-
do-study-act I to plan-do-study-acts II and III demonstrated
significant increases (p= 0.0163, and p= 0.0007, respectively).
Developmental Plans were implemented for 182 patients (reaching
51% of eligible patients in Phase III), and Developmental Kits were

provided to 155 patients (reaching 36% of eligible patients in Phase
III). Caregiver Support Handouts were provided to 142 families
(reaching 43% of eligible families in Phase III). From 9/2021 to
3/2022, CINCO Volunteers provided 519 hours of direct patient
interaction with 406 patients (an average of 86.5 neurodevelopmen-
tal-directed volunteer hours per month), primarily including activ-
ities directed by CINCO Developmental Plan goals.

Exploratory examination of Cardiac Inpatient Neuro-
developmental Care Optimization utilisation by demographics
revealed that younger patients with longer length of stay, par-
ticularly in the cardiac ICU, were more likely to receive CINCO
interventions (all p-values <0.01). Additionally, patients who
had been born prematurely, received extracorporeal membrane
oxygenation, or had a higher STAT score (indicating more severe
disease) were more likely to receive CINCO interventions (all
p-values<0.01). CINCO utilisation did not differ by patient sex,
race, or ethnicity. There were 10 dislodgements of medical devices
in the 619 admissions post-CINCO implementation. Case review
of each event revealed that CINCO orders were active in five of the
10 affected patients (specifically, for three gastronomy tube dis-
lodgements, one transpyloric nutrition tube dislodgment, and
one peripherally inserted central catheter line dislodgement).

Discussion

The CINCO programme was designed to ensure that patients
receive a systematic, evidence-based, and optimal approach to neu-
rodevelopmental care in cardiac inpatient units while undergoing
necessary medical management and surgical planning. CINCO
builds upon previous research on inpatient cardiac neurodevelop-
mental care by adding descriptions of iterative, interdisciplinary
implementation, and improvement processes that can be general-
isable to other centres and teams. Many paediatric care centres
with cardiac surgery programmes have clinical team members
who could potentially add elements of the CINCO programme
to their existing clinical workflows. Based on our experiences,
our primary recommendations for sites considering implementing
inpatient cardiac neurodevelopmental interventions include the
following: 1) Embed interventions into existing clinical workflows
and documentation templates to the greatest extent possible;
2) Involve key stakeholders and patient/family input, starting in
the design phase; 3) Consider designing interventions that are inter-
related/interdependent (e.g., our CINCO volunteers reference the
Developmental Plans for activities to complete with the patient,
and Developmental Care Rounds is a check-in time to ensure
CINCO Orders are in place if appropriate); and 4) Frequent staff
and provider re-education is critical to maintain momentum.

Along with tracking progress towards goals, quality improve-
ment science emphasises the importance of tracking balancing
measures to ensure that programme implementation is not also
causing harm.25 We found that 1.79% of patients receiving
CINCO interventions experienced dislodgements during our study
period. This balancing metric lacks baseline data at our institution,
but is well below reported rates of dislodgments in paediatric set-
tings.26–28 The Cardiac Inpatient Neurodevelopmental Care
Optimization team will continue to monitor this balancing measure
to assess for unintended consequences of the CINCO interventions,
specifically increased holding of patients and volunteer involvement.

There are several important limitations to the present study, as
well as the overall CINCO programme. Implementing a multifac-
eted, interdisciplinary quality improvement programme during
the height of the COVID-19 pandemic was challenging and
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impacted some elements of CINCOmore than others (particularly
the Volunteer Program, which could not begin until volunteers
were allowed back in the hospital). The initial design of CINCO
did not include every possible aspect of cardiac neurodevelop-
mental care, such as light/noise reduction or formal Newborn
Individualized Developmental Care and Assessment Program
(NIDCAP)29 interventions. The data we present are not a direct
measure of Cardiac Inpatient Neurodevelopmental Care
Optimization implementation, but instead reflect documenta-
tion of implementation, an imperfect proxy in the context of
a busy clinical setting. Finally, while CINCO was designed to
be low cost, the Developmental Kits require funding.

The next steps for the CINCO programme include sustaining
and improving on implementation rates of CINCO interventions
through ongoing staff and provider education, continued monthly
CINCO interdisciplinary team meetings, and implementation data

tracking. We plan to add more specific environmental and care-
based interventions, such as NIDCAP-informed cares and light/
noise reduction. We also plan to build upon recent work in the
broader field of paediatric cardiology with respect to health equity,
to ensure neurodevelopmental interventions are prioritised for our
most vulnerable populations.22,24,30 We plan to add more Cardiac
Inpatient Neurodevelopmental Care Optimization interventions
that are developmentally appropriate for patients age 3–18, such
as increased individual and group educational opportunities while
on the unit. Finally, we will track neurodevelopmental assessment
scores for complex cardiac patients at our centre, through our
centre’s clinical neurodevelopmental evaluation data in the
Cardiac Neurodevelopmental Outcome Collaborative clinical
registry, to evaluate the potential downstream impact of the
CINCO programme interventions on intermediate and long-term
neurodevelopmental outcomes.

Table 2. Demographics and medical characteristics

Total cohort
(n= 619)

Participants receiving CINCO
intervention(s) (n= 292)

Participants not receiving
CINCO intervention(s) (n= 327) p-value

Age at admission (days) 104 (1.0, 223.0) 62.5 (0.0, 160.5) 131 (18.0, 285.0) <0.0001

Sex 0.5385

Male 363 (58.6%) 175 (59.9%) 188 (57.5%)

Female 256 (41.4%) 117 (40.1%) 139 (42.5%)

Race 0.9661

American Indian or Alaska Native 17 (2.8%) 8 (2.7%) 9 (2.7%)

Black/African American 26 (4.2%) 14 (4.8%) 12 (3.7%)

Hawaiian/Pacific Islander 18 (2.9%) 8 (2.7%) 10 (3.1%)

Multiracial/Other 94 (15.2%) 42 (14.4%) 52 (15.9%)

White 346 (55.9%) 162 (55.5%) 184 (56.3%)

Unknown 118 (19.1%) 58 (19.9%) 60 (18.3%)

Ethnicity 0.5552

Hispanic/Latino 171 (27.6%) 75 (25.7%) 96 (29.4%)

Non-Hispanic 333 (53.8%) 163 (55.8%) 170 (52.0%)

Unknown 115 (18.6%) 54 (18.5%) 61 (18.6%)

Premature birth 0.0037

No 393 (73.7%) 202 (79.5%) 191 (68.5%)

Yes 140 (26.3%) 52 (20.5%) 88 (31.5%)

Hospital length of stay (days) 9.5 (5.3, 29.0) 22.7 (8.3, 48.3) 6.2 (3.4, 11.0) <0.0001

CICU length of stay (days) 3.8 (1.9, 11.0) 10.1 (3.7, 21.8) 2.1 (1.1, 4.1) <0.0001

History of ECMO support 0.0024

No 574 (92.7%) 261 (89.4%) 313 (95.7%)

Yes 45 (7.3%) 31 (10.6%) 14 (4.3%)

STAT category <0.0001

1 114 (25.6%) 41 (17.8%) 73 (34.0%)

2 140 (31.5%) 56 (24.3%) 84 (39.1%)

3 47 (10.5%) 25 (10.9%) 22 (10.2%)

4 99 (22.3%) 68 (29.6%) 31 (14.4%)

5 45 (10.1%) 40 (17.4%) 5 (2.3%)

Note. CINCO= Cardiac Inpatient Neurodevelopmental Care Optimization; CICU= Cardiac ICU; ECMO= Extracorporeal Membrane Oxygenation; STAT= Society of Thoracic Surgeons-European
Association for Cardio-Thoracic Surgery).
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Conclusions

We created and implemented a low-cost, interdisciplinary pro-
gramme that systematised and expanded upon existing neurode-
velopmental care practices in the cardiac intensive care and
stepdown care unit settings. The programme demonstrated fea-
sibility through increasing implementation rates over time as well
as acceptability to families, providers, and staff. Key takeaways
include the importance of multi-level stakeholder buy-in across
parents/caregivers, institutional leadership, and interdisciplinary
team members, embedding processes in existing clinical roles
and workflows, and designing interventions to be interrelated
and interdependent in order to drive implementation.
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