
Cardiology in the Young

cambridge.org/cty

Original Article

Cite this article:Gaskin KL, Smith L, andWray J
(2023) An improved congenital heart
assessment tool: a quality improvement
outcome. Cardiology in the Young 33: 551–556.
doi: 10.1017/S1047951122001275

Received: 11 October 2021
Revised: 8 March 2022
Accepted: 30 March 2022
First published online: 2 May 2022

Keywords:
Cardiac surgery; monitoring; quality
improvement; nursing care; paediatrics

Author for correspondence:
Dr Kerry L Gaskin, Three Counties School of
Nursing and Midwifery, University of Worcester,
Henwick Grove, Worcester WR26AJ, UK.
Tel: þ44 1905 855156. Fax: 01905 55132.
E-mail: k.gaskin@worc.ac.uk

© The Author(s), 2022. Published by Cambridge
University Press. This is an Open Access article,
distributed under the terms of the Creative
Commons Attribution licence (http://
creativecommons.org/licenses/by/4.0/), which
permits unrestricted re-use, distribution and
reproduction, provided the original article is
properly cited.

An improved congenital heart assessment tool:
a quality improvement outcome

Kerry L. Gaskin1 , Liz Smith2 and Jo Wray3

1Department for Midwifery and CPD, School of Nursing and Midwifery, University of Worcester, Henwick Grove,
Worcester WR26AJ, UK; 2Cardiac Unit, Great Ormond Street Hospital NHS Foundation Trust, London WC1N, UK
and 3Health Psychology, Great Ormond Street Hospital NHS Foundation Trust, London WC1N, UK

Abstract

Background: CHD was the most prevalent congenital anomaly (60.9 per 10,000, 95% CI 59.0–
62.8) in England in 2018, with 1767 babies born with severe cardiac defects. The 30-day survival
rates for complex procedures continue to improve; however despite care advances, the early
post-operative period and first year of life remain a critical time for these infants. The
Congenital Heart Assessment Tool was developed to support parental decision-making, stand-
ardise care provision, improve communication, and the safety and quality of care. Aim: To fur-
ther evaluate the Congenital Heart Assessment Tool.Design:A four centre collaborative mixed-
methods quality improvement project funded by The Health Foundation, involving eight
phases conducted during 2016–2018. Phases six to eight (clinical simulation exercise, parent
workshop, and updated tool) are reported in this paper. Results: Four themes emerged from
the clinical simulation exercise (phase six) including: improving documentation; preparation
of parents; preparation of health care professionals; and communication. One main theme
emerged from the parent workshop (phase seven): “what parents know versus what profession-
als know [about CHD]”. Conclusion: These phases further validated the effectiveness of the
CHATm in terms of triggering amber and red indicators and demonstrated parents’ ability
to identify deterioration in their infant’s clinical condition. Recommendations arising from
the quality improvement project enabled the project team to create an updated version of
the Congenital Heart Assessment Tool, CHAT2.

CHD was the most prevalent congenital anomaly (60.9 per 10,000, 95% CI 59.0–62.8) in
England in 2018, with 1767 babies born with severe cardiac defects.1 In the UK, 30-day survival
rates for complex procedures including Norwood (93.2%) and systemic to pulmonary artery
shunts (93.3%) (2017/18 data)2 continue to improve, but the early post-operative period
remains a critical time.3 Quality improvement projects using home monitoring programmes
have demonstrated some benefits globally.4–8 However, United Kingdom cardiac safety stan-
dards at discharge did not exist prior to this project, and there were no other community-based
parental early warning tools available for infants with complex CHD.

A United Kingdom qualitative study9 exploring parents’ perspectives of caring for a child
with complex needs found that some parents could describe symptoms of deterioration, whilst
others could not identify any early warning signs. Barriers to obtaining speedy assistance
included not being taken seriously, long waiting times, and lack of protocols in the emergency
department. The authors concluded that there was a role for home monitoring; parents should
be encouraged to seek early advice, and front-line health professionals need access to informa-
tion enabling appropriate and effective management. A further study identified that not all
parents were taught signs of deterioration or given written information specific to their baby
prior to discharge; three themes were highlighted: mixed emotions about going home, knowl-
edge and preparedness, and support systems.10

In 2012, the Congenital Heart Assessment Tool (CHAT) was developed to support decision-
making by families and children’s community teams to improve safety, quality, and standard-
isation of care, and communication.10 Parents’ perceptions of the acceptability and feasibility of
using the CHAT at home were subsequently evaluated in a single centre project.11 Using the
CHAT helped parents to identify signs of deterioration, enhanced their confidence, and empow-
ered them to articulate their infant’s needs clearly and in a timely manner.11

The aim of this QI initiative was to implement the CHAT across three additional children’s
cardiac centres and further evaluate it in collaboration with parents and carers, local community
stakeholders, nursing, and medical service leads, thereby contributing to the vision of develop-
ing robust bundles of care to support acute specialised care in the community. This paper follows
the SQUIRE guidelines12 and presents phases six to eight of the QI project (Fig 1), including
qualitative evaluation of the CHAT through simulation workshops with stakeholders and
parents, and presents the updated tool, CHAT2. Phases 1–5 are reported elsewhere.13
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Methods

The plan, do, study, act (PDSA) QI design (Fig 1) was used to
formatively evaluate feedback, directly influencing the quality
and efficiency of the CHAT. The QI initiative was funded by
the Health Foundation “Innovating for Improvement” programme
and conducted over an 18-month period, comprising a 3-month
set-up phase (August–October 2016) and 12 months implementa-
tion (November 2016–October 2017) at four specialist children’s
surgical centres (London, Birmingham, Southampton, and
Newcastle) and the University of Worcester. The implementation
phase was extended to include stakeholders attending the Little
Hearts Matter open day (March 2018).

Intervention

The CHAT10 is based on a traffic light system divided into green
(low risk), amber (intermediate risk), and red (high risk). CHAT
was slightly modified following a review during the “Plan” stage,
and this modified version “CHATm” (see paper 1) was used
throughout the QI project. The clinical parameters (e.g., expected
oxygen saturations) can be individualised with the Consultant’s
preferred parameters. Parents are taught to assess their infant’s
activity level, skin colour, breathing, circulation, feeding, and
weight and to decide actions based on the information in the green,
amber, and red columns. The aim is to effectively prepare parents
before discharge, ensuring that they understand how to assess their
infant; they are taught to assess their infant daily or at any other
time if their infant’s condition has changed. Parents are also taught
to interpret the significance of the signs, to record their findings in
a daily diary, and to contact health care professionals as guided by
the tool. An assessment of green indicates that parents can “carry
on as normal”; any sign in amber triggers a phone call to the ward
to discuss management; any sign in the red column indicates the
infant is seriously ill and parents are advised to phone for an ambu-
lance (call 999) immediately.

Participants

Phase 6 (Clinical Simulation workshop June, 2017). Parent mem-
bers of Little Hearts Matter were invited to participate via the char-
ity website and social media. Local Community Children’s Nurses,
General Practitioners, three cohorts of Children’s Nursing students
at the University of Worcester, Nurses, and Consultants from the
four children’s cardiac centres were invited to take part via per-
sonal communication, email, and social media. We aimed to
involve 10–15 participants.

Phase 7 (Parent workshop). All parents/carers of a child with a
univentricular heart condition who had undergone cardiac surgery
and were attending the Little Hearts Matter (LHM) open day
(March 2018) were invited to participate. There were no exclusion
criteria to enable inclusivity. A variety of workshops were offered
simultaneously at the event, and parents were free to choose which
one to attend. We hoped to engage 10 parents.

Study of the Intervention (CHATm)

Both phases used clinical simulation as the investigative method-
ology.14–15 For phase 6, simulation was used to assess feasibility,
study any safety issues, and the parental preparation environment
and to optimise design and implementation of the CHATm. Six
scenarios were used: four role plays of “telephone conversations”
and two “parent preparation for discharge” simulations.

For phase 7, the CHATm was evaluated by parents/carers,
based on one of the clinical scenarios (Table 1) and their own expe-
riences of taking their infant home from hospital for the first time
following the first stage of cardiac surgery.

Measures

The role-play scenarios (phase 6) were video-recorded to retro-
spectively review and analyse decision-making discussions during
the role play. Participants were also asked to feedback verbally
about their experience (acceptability), evaluating the CHATm
for ease of use (usability), and suggestions for implementation
in practice (feasibility). This feedback was audio-recorded and
written notes were taken.

The workshop (phase 7) was audio-recorded to capture parents’
verbal comments about using the CHATm for one clinical sce-
nario. There was also an additional written feedback sheet, ena-
bling the capture of information from those who preferred not
to speak up in the group.

Validity

To ensure internal validity, simulation objectives were developed
and discussed with the participants before the exercises. The clini-
cal scenarios included details about the situation, patient, parent
and facilitator details, scenario script, room setting, equipment,
and team roles.

Using simulation to evaluate the CHATm reduced the environ-
mental, physical, social, and psychological complexity influencing
external validity and generalisability of the findings for implemen-
tation in a clinical environment where a parent is taking home their
fragile infant for the first time.16–17 This can potentially weaken

Figure 1. The plan, do, study, act cycle.
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confidence in how far it is possible to generalise from these con-
trolled conditions.18–19 However, the participating cardiac nurse
specialists were very experienced in preparing parents for dis-
charge and were able to utilise their knowledge, understanding,
and skills within the evaluative exercise. Furthermore, utilising
the same scenarios for phase 7 enhanced the internal and external
validity as parents were able to draw on their own personal expe-
riences of going home with their infant and what the CHATm
would have meant for them had it been available.

To ensure fidelity and authenticity of the simulation,14,19–20 the
scenarios were written using clinical experience of QI team mem-
bers. The simulation environment mimicked a real ward setting
and some participants dressed in uniform to enhance the simula-
tion. Unfortunately, we were unable to recruit parents to partici-
pate in phase 6. Therefore, the parental roles were played by
one of the specialist cardiac nurses who had the experience of
managing these situations in clinical practice and was able to
add phenomenal and semantic content to the role play.21

However, one of these scenarios was used for discussion during
phase 7, bringing parents’ perspectives to the evaluation.

Analysis

The recordings were transcribed and thematically analysed22 by
members of the QI team and a LHM representative. Notes kept
throughout the workshops were compared with the key points aris-
ing from the transcriptions to identify any ideas, thoughts, or notes
that had not been captured during the summary.

Ethics

National Health Service Ethical Approval was not required; how-
ever, agreement was received from each of the individual children’s
cardiac units’ QI Teams. The University of Worcester Institute of
Health and Society Ethics Committee approved the clinical simu-
lation exercise and parent workshop. To fulfil conditions of this
approval, participants for phases 6 and 7 were given an informa-
tion sheet and asked to provide written consent.

Results

Phase 6: Four nurses (two ward nurses, one Clinical Nurse
Specialist, one Advanced Nurse Practitioner) and three
Children’s Nursing students (two third year, one first year) partici-
pated, along with the Chief Executive of the Charity.

Four themes related to recommendations were identified
(Table 2): suggestions for improved documentation; aspects to
consider during preparation and in dialogue with parents; prepa-
ration of health care professionals; and communication.

One participant commented, ‘This was a really good way of test-
ing the tool, as all involved were learning to use the tool at the same
time as doing this as a clinical scenario’

Phase 7: Five parents (three mothers, two fathers) of four
children with functionally univentricular hearts attended the
workshop. The children ranged in age from 4 to 22 years, three
had undergone stage 3 surgery (Fontan procedure), and the fourth
had undergone stage 2 (Glenn procedure).

One key theme emerged: “what parents know versus what
professionals know”

All parents correctly identified a red trigger using the CHATm.
However, their discussion indicated that in their personal experi-
ence additional factors were at play when deciding whether to
phone for an ambulance (red) or phone the ward for advice first
(amber), such as knowing the system, knowing who to contact
[who had the right knowledge], and knowing their infant’s
“normal”. Parents discussed the “lack of knowing” of health care
professionals in primary care, pre-hospital and emergency depart-
ments, such as “arriving at your local DGH and then saying you
need to contact the [specialist hospital] and no-one there knows
what to do and you’re stuck in A & E trying to get through [to
the specialist hospital] on a mobile phone : : : it’s just easier to
do that conversation at home and get the advice first”.

They talked about paramedics’ lack of understanding of CHD
“The ambulance came out when she was a baby. They were horrified
that we didn’t have oxygen at home, because her saturations were so
low” another parent said “I did always find when my son was little, I
was always having to say that giving him home oxygen won’t make
any difference, it’s the heart that’s the problem not the lungs”. So, for
this group of parents they knew from experience that they “would
always phone a ward before an ambulance to get their advice,
because phoning an ambulance : : : when you get adult paramedics
who don’t understand your child”.

Modifications to the intervention (Phase 8)

This QI project evaluated the CHATm through seven phases
(Fig 1) resulting in modifications to the tool throughout the project
with a resultant finalised second version, CHAT2 (Fig 2). Using
simulation identified parental preparation considerations, such
as the need to commence parental discharge preparation using
CHAT2 at least 5 days before the infant goes home, so that parents
can get used to assessing their infant whilst support is available
(Table 2).

Discussion

The first key finding was that the CHATm was acceptable, usable,
and feasible for both clinicians and parents. However, the absence
of parental participation in phase 6 and the age of one family’s
“child” (22 years) in phase 7, were recognised as limitations; recall
bias and changes to healthcare in the last 20 years were acknowl-
edged as influencing factors. The workshop parents correctly
ascertained the trigger from the scenario but described reluctance
to phone an ambulance or go to their local hospital before getting
advice from their specialist centre, because of the perceived lack of
knowledge of healthcare professionals in primary and pre-hospital
care, local hospitals, and emergency departments. A study23

exploring student paramedics’ knowledge surrounding CHD
and how prepared they felt for managing children with CHD,
found that they had very little knowledge about CHD and what
knowledge they did have had generally been derived from lay

Table 1. Clinical scenario 1 (parent’s version)

You are the parents of a 6-week-old baby girl. Your daughter has
recently been discharged (2 days ago) from the specialist cardiac centre
having had first stage Norwood Operation for Hypoplastic Left heart
Syndrome. Her oxygen saturations are normally in the range of 70–75.
She is on a home monitoring programme where you have been sent
home with an oxygen saturation monitor and digital scales to take daily
readings. You have noticed that your daughter is struggling to breathe
and also has not been finishing her feeds for the last 6 hours. You have
also noticed that her oxygen saturations are below 65%. Use the CHAT
to assess your daughter and decide on the next course of action.
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sources. Some student paramedics also identified that they would
rely on the parents as the main source of knowledge about the
infant’s condition. Fear and anxiety were identified and related
to competence (or lack of competence), the emotion of the situa-
tion, fear of something going wrong, and lack of knowledge.23 This
links to the theme ‘what parents know versus what professionals
know’ (phase 7), demonstrating implications for the dissemination
of the CHAT2 more widely than the specialist cardiac centre.
Preparation of staff needs to be extended to those working in
pre-hospital, primary, and secondary care.

Secondly, using simulation to evaluate the tool was successful.
This investigative method enabled participants to consider the ease
of implementing the tool in practice and factors that would assist in
ensuring a consistent approach, as well as identifying additional
refinements for further improvement. Most research focuses on
the role of clinical simulation in education, where it is used to train
healthcare professionals, but more recently simulation has been
used to support quality improvements by testing out new
approaches before being implemented in practice.24–25 Clinical
simulation can be used as a tool, device, or environment to imitate
or reproduce an aspect of clinical practice in a safe environment26

and is beginning to gain recognition as an approach to evaluate

healthcare.15 Furthermore, including student children’s nurses as
participants enabled the tool to be evaluated by individuals who
understood children’s nursing and had some appreciation of
parents’ experiences without the depth of specialist cardiac knowl-
edge regarding the condition, surgery, or the fragility of the infants.
This reflected use of the tool by community teams, with minimum
underpinning knowledge of complex CHD.

Limitations

Factors potentially limiting internal validity included the use of
experienced cardiac nurse specialists and less experienced student
nurses as participants in the clinical scenarios. Had clinical simu-
lation been the only method of evaluating the CHATm, this may
have limited the generalisability of the findings; however, adding
these findings to those from phases 1–5 of the QI project demon-
strated safe and effective use of the CHATm.

Conclusions

In conclusion, phases 6 and 7 of this QI project further demon-
strated the effectiveness of the CHATm in terms of triggering

Table 2. Phase 6 recommendations

Suggestions for improved documentation:
• Need patient details and tick boxes for documentation
• Parents’ version of the tool needs to have a space to write their infant’s individual parameters
• Amber column needs action arrows at the bottom (instead of at the top) as to who you have advised them to call/ where to go etc. – this can be used for record
keeping/ making sure the phone call is well documented and also the advice given about actions

• Maybe a slightly fuzzy line between the sections, to show a potential cross over
• Arrows going to both directions
• In the red section – reconsider the statement "if they vomit twice in a row" (find out what is normal for them)
• All babies vomit so do not want them to trigger red just because they have vomited twice

Aspects to consider during preparation and dialogue with parents:
• Being taught as a parent for the first time, enables preparation, doing it at the bedside was advantageous as could see the infant’s signs.
• Valuable to learn this early when on the ward awaiting discharge, so feeling confident with recognising changes and escalating to the nurse and then ready to
take that home to use at home.

• When teaching about using the tool with parents it would be good for parents to get a solid amount of undisturbed time (e.g., 30 min) to talk through the CHAT2
• When the nurse comes in to do observations they can talk through what they are doing and why with parents alongside the tool – empowering parents to use
the tool over a matter of time. Building confidence to go home

• If the tool triggers an amber, parents must be taught to also look at the items in red as there maybe something that has changed – in case there is subtle change
• Subtle changes to pick things up early so as – trigger early – give parents confidence to make the call as soon as possible
• Teach across each section to demonstrate the deterioration through amber to red
• Gradual roll over, becomes the parents taking responsibility for the tool before discharge
• Consider creating laminated tools and fold up credit card size
• There need to be other things introduced early – medications and parameters; Signs and symptoms of heart failure, vomiting policy as part of discharge
package

• We need a plain English version of CHAT2 and apply for the plain English kite mark
• Charity really wants to organise a family day so that we can ask them to practice using the tool
• Ask parents to bring it back every time [they come in for Outpatient Clinic check-up] so that the individual parameters can be changed – if they do not bring in
then start a new one

• Should the first question of the telephone conversation be to identify safety perspective – are they breathing? Have you got any concerns?
• Tool helps to control the conversation in a logical fashion

Preparation of health care professionals:
• Focus on the preparation of HCPs so that everyone knows how to use the tool
• Need structure about how and when CHAT2 should be used before discharge
• Need to develop a standard discharge pack
• Do we create another page [with the CHAT2] to document the phone call – or do we add details to the tool for each patient?
• Being the ward nurse taking the phone call –would want it reinforced that the nurse does not need to cover all topics in the red column – if there is one thing in
red then advise parents to put the phone down and call an ambulance

Communication with other HCPs:
• HCP having a tick sheet used as a handover tool, highlights what could become an issue. Good for record keeping
• Could you use it to ring other units?
• It is a baseline to compare to once they arrive on the ward (if they have been advised to do that).
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amber and red indicators, and parents being able to identify
deterioration in an infant’s clinical condition. Useful feedback
and evaluation were obtained enabling creation of CHAT2. The
QI project overall had a positive impact on collaboration with
the national children’s CHD standards review group, resulted in
preliminary meetings being initiated with commissioners regard-
ing Univentricular Commissioning for Quality and Innovation
and encouraged the involvement of Paediatricians with Cardiac
Expertise.

Next steps

A teaching package for staff was recommended to ensure full
preparation: enhancing knowledge and understanding of the path-
ophysiology of CHD; recognition of clinical deterioration and
heart failure; and parental preparation using the CHAT2.
Additionally, education about using the CHAT2 when taking tele-
phone calls from parents who have been discharged and are phon-
ing for advice is required, including documentation and
management strategies. An e-learning resource and discharge
preparation pack have subsequently been developed (available at
www.ccn-a.co.uk). The next stage of this work is to develop a
mobile application to measure, transmit, and record parent assess-
ment using CHAT2 to the clinical teams. There is potential for
translation into different languages; extension of the tool for all
infants and young children being discharged after cardiac surgery
and the potential to develop another version for older children fol-
lowing later stages of surgery.
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