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ORIGINAL RESEARCH

Evaluating Long-Term Outcomes of 
Children Undergoing Surgical Treatment for 
Congenital Heart Disease for National Audit 
in England and Wales
Kate L. Brown , MPH, MD*; Qi Huang , PhD*; Ferran Espuny-Pujol , PhD; Julie A. Taylor , MSc; 
Jo Wray , PHD; Carin van Doorn , MD; Serban Stoica , MD; Christina Pagel , PhD;  
Rodney C. G. Franklin , MD; Sonya Crowe , PhD

BACKGROUND: There is strong interest in the evaluation of longer-term outcome metrics for congenital heart diseases (CHDs); 
however, registries focus on postoperative metrics.

METHODS AND RESULTS: Informed by user online discussion forums and scoping of national data, we selected sentinel CHDs and 
long-term outcome metrics suitable for routine monitoring. We then developed sentinel CHD phenotypes and algorithms for iden-
tifying treatment pathway procedures using clinical codes. Finally, we calculated the metrics within a retrospective national cohort 
analysis. The 9 selected sentinel CHDs had a higher-than-average prevalence, typically involved surgery in infancy, and were as-
sociated with an increased risk of late mortality. The selected metrics of survival and reinterventions at 1, 5, and 10 years were both 
important and feasible. The cohort included 29 319 (41.3% of all operated CHD births) English and Welsh children born with sen-
tinel CHDs in 2000 to 2022. Example metrics at age 10 years included: survival—hypoplastic left heart syndrome: 57.6% (95% CI, 
54.9%–60.4%), functionally univentricular heart: 86.7% (95% CI, 84.6%–88.9%), transposition of the great arteries: 93.1% (95% CI, 
92.2%–93.9%), pulmonary atresia: 81.0% (95% CI, 79.1%–82.9%), atrioventricular septal defect: 88.5% (95% CI, 87.5%–89.5%), 
tetralogy of Fallot: 95.1% (95% CI, 94.4%–95.8%), aortic stenosis: 94.4% (95% CI, 93.3%–95.6%), coarctation: 96.7% (95% CI, 
96.2%–97.3%), and ventricular septal defect: 96.9% 95% CI, (96.4%–97.3%); and (2) cumulative incidence of reintervention—hy-
poplastic left heart syndrome : 54.5% (95% CI, 51.5%–57.3%), functionally univentricular heart: 57.3% (95% CI, 53.9%–60.5%), 
transposition of the great arteries: 20.9% (95% CI, 19.5%–22.3%), pulmonary atresia: 66.8% (95% CI, 64.2%–69.1%), atrioven-
tricular septal defect: 21.6% (20.3%–23.0%), tetralogy of Fallot: 26.6% (95% CI, 25.2%–28.0%), aortic stenosis: 31.2% (95% CI, 
28.8%–33.6%), coarctation: 19.8% (95% CI, 18.6%–21.1%), and ventricular septal defect: 6.1% (95% CI, 5.5%–6.8%).

CONCLUSIONS: It is feasible to report important long-term outcomes of survival and reintervention for sentinel CHDs using rou-
tinely collected procedure records, adding value to national audit.

Key Words: congenital heart disease ■ outcomes ■ pediatric cardiac surgery ■ transparency

The postoperative outcomes of pediatric cardiac 
surgery have been recorded by the National 
Congenital Heart Diseases Audit (NCHDA) in 

England since 2000.1,2 A report from the Bristol 
Inquiry found that the 30-day mortality rate was 13% 
in children operated on in infancy and 5% in children 
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operated on between the ages of 1 and 15 years from 
1991 to 1995.3 Postoperative mortality subsequently 
dropped to 4.3% for all ages combined in 2000, 2.6% 
in 2010,1 and 1.6% in 2019 to 2021.2 Over time, children 
have been undergoing surgical treatments for congeni-
tal heart diseases (CHDs) at younger ages and the pro-
portions with complex heart defects and comorbidities 
have increased.1 Patients, clinicians, and service com-
missioners have therefore aspired to evaluate a wider 
range of outcome metrics than simply early postoper-
ative survival, to better judge the performance of ser-
vices and understand the impacts of different types of 
CHDs on people’s lives.4,5

The heterogeneity and complexity of the case mix 
is a barrier to measuring longer-term outcomes for in-
dividual CHD diagnoses from procedure-based patient 
registries. CHD is described by thousands of individual 
cardiac codes,6 which, in combination, provide a de-
tailed description of the child’s cardiac anatomy and 
allow for the assignment of a specific “named cardiac di-
agnosis.”7 For many complex CHDs, a series of different 
cardiac procedures are required over time, with a range 
of factors and events contributing to longer-term sur-
vival.8–10 Therefore, despite the challenges, diagnosis-
based analyses of CHD outcomes could provide a 
more complete picture than procedure-based analyses 
for families, clinical teams, and service commissioners. 
However, there is a lack of consensus about which CHD 
diagnoses are best suited for long-term monitoring and 
which outcomes are most appropriate to measure and 
over what time frames. In this study we aimed to:

	 1.	 Select a set of sentinel CHD diagnoses suited 
to the measurement and monitoring of long-
term outcomes, and identify feasible long-term 
outcome metrics for these sentinel CHDs that 
are appropriate for future national audit.

	 2.	 Define sentinel CHD phenotypes and the ex-
pected interventional treatment pathways for 
each sentinel CHD, and develop algorithms for 

CLINICAL PERSPECTIVE

What Is New?
•	 Nine high-prevalence sentinel congenital heart 

diseases (CHDs), which always or frequently re-
quire early surgery and pose late risks in terms 
of childhood mortality, were identified as suit-
able for inclusion in the monitoring of long-term 
outcomes.

•	 The algorithms for identifying these 9 sentinel 
CHDs, their related CHD subtypes, and their 
expected surgical treatment pathways were de-
veloped for use with national procedure-registry 
data.

•	 Based on the procedure records of 29 319 chil-
dren with CHD, representing 41.3% of the total 
number born and starting treatment from England 
and Wales in the study period of 22 years, the 
metrics of survival and reinterventions at 1 year, 
5 years, and 10 years were selected as important 
for national audit and calculated for each of the 9 
sentinel CHD diagnoses.

What Are the Clinical Implications?
•	 Our study demonstrates the feasibility of report-

ing long-term outcomes of children with CHDs, 
using routinely collected procedure records and 
national mortality data, thereby advancing the 
practice of national benchmarking for audit of 
outcomes.

•	 Outcome metrics of long-term survival and re-
intervention rates, which are highly valued by 
stakeholders including patient families, provide 
a fuller picture than outcomes limited in scope 
to the postoperative period.

•	 The range is illustrated by example metrics of the 
10-year survival rate, which is lowest for hypo-
plastic left heart (57.6% [95% CI, 54.9%–60.4%]) 
and highest for ventricular septal defect (96.9% 
[96.4%–97.3%]) and the 10-year cardiac rein-
tervention cumulative incidence involving either 
surgery or interventional cardiology procedures, 
which ranged from hypoplastic left heart syn-
drome (54.5% [95% CI, 51.5%–57.3%]) to ven-
tricular septal defect (6.1% [95% CI, 5.5%–6.8%]).

Nonstandard Abbreviations and Acronyms

AS	 aortic stenosis
AVSD	 atrioventricular septal defect
CAG	 Confidentiality Advisory Group
FUH	 functionally univentricular heart
HLHS	 hypoplastic left heart syndrome

HQIP	 Healthcare Quality Improvement 
Partnership

IPCCC	 International Pediatric and Congenital 
Cardiac Code

NCHDA	 National Congenital Heart Diseases Audit
NHS	 National Health Service
ONS	 Office of National Statistics
PA	 pulmonary atresia
TGA	 transposition of the great arteries
TOF	 tetralogy of Fallot
VSD	 ventricular septal defect
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identifying these within data routinely collected 
for national audit.

	 3.	 Calculate the selected long-term outcome met-
rics for each of the selected sentinel diagnoses 
for England and Wales during the period April 
2000 to March 2022.

METHODS
Study Design
The study was designed in 3 parts:

	 1.	 A scoping analysis of NCHDA data combined 
with the elicitation of patient, family, and clinician 
views through qualitative review of transcripts 
from online discussion forums and structured 
meetings to select sentinel CHDs and long-
term outcome metrics.

	 2.	 A quantitative analysis based on the NCHDA, 
with survival status from the Office of National 
Statistics (ONS), to identify sentinel CHD phe-
notypes and expected interventional treatment 
pathways and develop algorithms to enable rou-
tine classification of each phenotype and out-
come metric.

	 3.	 A quantitative retrospective cohort analysis 
based on the same data as (2) to calculate the 
selected long-term outcome metrics for each 
of the sentinel CHD diagnoses for patients in 
England and Wales born betweeen April 2000 
and March 2022 (using the algorithms devel-
oped in [2]).

Approvals
The study was approved by the National Health 
Service (NHS) Health Research Authority, including 
the Confidentiality Advisory Group and by the NHS 
Research Ethics Committee. The research data set is 
available to researchers only with approvals from these 
organizations in place. The study was approved by the 
North of Scotland NHS Research Ethics Committee on 
February 14, 2020 (research ethics committee num-
ber 20/NS/0022), and the Health Research Authority 
Confidentiality Advisory Group (CAG) on July 12, 2020 
(CAG number 20/CAG/0027), which permits the use 
of registry data for specific research purposes without 
consent.

The study was approved by the National Institute 
for Cardiovascular Outcomes Research and the NHS 
Healthcare Quality Improvement Partnership (HQIP) on 
December 17, 2020 (application number HQIP 350/20-
CONG-02). This data sharing agreement was novated 
to NHS England from June 24, 2022. Approval by 
NHS Digital (now NHS England) to use civil registration 

mortality data from the ONS was granted on July 9, 
2021.

Part 1: Selecting Sentinel CHDs and 
Outcome Metrics
Selection of the sentinel CHD diagnoses and outcome 
metrics appropriate for national audit was informed 
by 3 sources of information: parent and patient online 
discussion forum content; initial scoping of national 
audit data; and meetings to elicit clinician, analyst, and 
patient-family views.

Online forums

As we have previously reported,11 3 CHD charities in 
the United Kingdom individually set up and moderated 
closed, asynchronous, online discussion groups via 
their Facebook pages, which were utilized by 343 pa-
tients and family members. We noted that the clinical 
outcomes of long-term survival and reintervention rates 
were highly prioritized by patients and families and were 
also feasible to measure within the national audit data.

Scoping analysis of national audit data

We performed scoping analysis using NCHDA records 
of cardiac surgical procedures and interventional cardi-
ology procedures performed in England and Wales from 
April 2000 to March 2017 and ONS data linked using 
the patient’s NHS number (a unique identifier assigned 
at birth or first contact with the United Kingdom health 
system), with life status updated to February 2022. 
Submission to NCHDA is mandatory and subject to 
external data validation. Each procedure record con-
tains several diagnostic and procedure codes based 
on the International Pediatric and Congenital Cardiac 
Code (IPCCC) schema.6 The procedure-based records 
that pertain to each individual patient were linked using 
pseudonymized patient identifiers to create a patient-
based rather than procedure-based data set. Patient 
survival was ascertained first using age at death for pa-
tients recorded as dead by NCHDA, then age at death 
from ONS for patients who had a recorded death cer-
tificate, and, then, for surviving patients, using the age 
when their alive status was confirmed by ONS (February 
2022). Any patients with missing ONS life status were 
deemed lost to follow-up and censored at their most re-
cent discharge age provided by NCHDA. Of note, as the 
NCHDA is a procedure-based data set, patients who did 
not undergo any surgical or interventional cardiac proce-
dures do not appear in the data set.

Patients were assigned to 1 of 24 CHD diagnosis 
types of varying prevalence and complexity previously 
defined by Brown et al.7 For each of the 24 CHD di-
agnoses, we ascertained the number of children who 
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started any interventional treatment and the proportion 
who started treatment before the age of 1 year and, 
given that long-term survival and reintervention rates 
emerged as important to patients and families from 
the online forums, the proportion who died before the 
age of 5 years and the proportion who had ≥3 cardiac 
interventions.

Structured meetings with clinicians, analysts, and 
patient/family representatives

Meetings were held with clinicians, analysts, and patient/
family representatives in January 2022 and September 
2022 (8 and 7 members of the analytical team, 7 and 
6 specialist clinicians from cardiology and cardiac sur-
gery, and 3 and 2 patient involvement coinvestigators, 
respectively) and in November 2022 (9 patient and family 
advisors: 5 representing user groups and 4 with lived ex-
perience of CHD), in which the following questions were 
discussed:

	 1.	 Which CHD diagnoses are most appropriate 
and feasible to include within national audit 
(“sentinel” CHD diagnoses)?

	 2.	 Which outcome metrics are feasible and ap-
propriate to measure and report within national 
audit for the sentinel CHD diagnoses?

In March 2023, we held a fourth meeting (9 members 
of the analytical team, 8 specialist clinicians from car-
diology and cardiac surgery, and 1 patient involvement 
coinvestigator) where we shared our scoping analysis 
of audit data, sought feedback on proposed outcome 
metrics, and specifically discussed the following issues 
(with reference to the 24 CHD diagnoses described in 
the scoping analysis):

	 1.	 The rarest CHDs affected a very small number 
of children each year nationally, and the small 
numbers undermine the feasibility of routine 
monitoring; therefore, these CHD diagnoses 
should not be selected.

	 2.	 The CHDs with higher mortalities and procedure 
numbers were the most important to include in 
routine monitoring.

	 3.	 Certain CHDs vary widely in severity, with pa-
tients receiving surgery at highly variable ages, 
and NCHDA only captures information for 
those who have undergone surgery, not for 
patients with the same diagnosis who have 
not yet needed surgery. Therefore, for routine 
monitoring, it is more feasible to focus on the 
CHD diagnoses that most frequently require 
an intervention in the first year of life, for which 
NCHDA will contain all patients who received 

interventional treatment during their lives and a 
reasonable period of follow-up over which to as-
certain long-term outcomes.

Part 2: Phenotypes of Sentinel CHDs and 
Their Interventional Treatment Pathways
Data Set Inclusion and Exclusion Criteria

We used a data set comprising a retrospective national 
cohort to develop methods for reporting the outcome 
metrics for the selected sentinel CHDs. This included 
NCHDA procedure records for all children who un-
derwent a cardiac surgery or interventional cardiol-
ogy procedure in England and Wales between April 
1, 2000, and March 31, 2022, with life status verified 
by ONS in August 2023. Records of patients born be-
fore April 2000 were excluded to ensure that complete 
procedure histories were available. Patients from over-
seas, Scotland, and Northern Ireland were excluded 
because life status data are collected by ONS for pa-
tients from England and Wales only. A small number 
of records related to patients with major missing or er-
roneous data were excluded based on clinical review 
(see the Results section).

Sentinel CHDs and Case Mix

Initial broad sentinel CHD diagnoses were identified 
from within the set of 24 previously defined CHD 
diagnoses.7 Then, informed by clinician views, re-
lated literature on CHD complexity,10,12–14 and review 
of the data set, we refined the phenotype for each 
sentinel CHD diagnosis. We characterized the phe-
notypes for important CHD subgroups within each 
sentinel CHD and defined the complexity character-
istics of prematurity (birth at gestation <37 weeks) 
and congenital noncardiac conditions15 using diag-
nostic and procedure codes. We ascertained the 
recorded age and weight at first cardiac intervention 
for each child.

Defining Expected Interventional 
Treatment Pathways

Considering clinical views, related literature on inter-
ventional CHD treatment,9,16–27 data summaries for 
each CHD, and samples of unusual procedure histo-
ries, we defined the expected interventional treatment 
pathways in terms of cardiac surgery, interventional 
catheters, and hybrid types where applicable, for 
each sentinel CHD based on diagnosis and procedure 
codes. There are 2 broad groups of cardiac interven-
tional procedures: “reparative” (in which an attempt is 
made to correct the heart defect in biventricular CHDs) 
and “palliative” (in which a noncorrective procedure 
is undertaken in CHDs where repair is infeasible). For 
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functionally single-ventricle CHDs (eg, HLHS), the ex-
pected treatment pathway consists of a series of ex-
clusively palliative procedures: stage 1 procedures, 
stage 2 Glenn surgery, and stage 3 Fontan-type com-
pletion.28 Our previously defined interventional treat-
ment pathways for functionally single-ventricle heart 
disease10,12,29 were used to identify the expected treat-
ment pathway for the selected sentinel CHDs with 
functionally single-ventricle circulation. In biventricular 
CHDs (eg, TOF), the expected treatment pathway in-
volves a reparative surgery and potentially also a pal-
liative stage 1 procedure, usually undertaken in small 
babies to enable their circulation to support them until 
they grow large enough for a reparative procedure, eg, 
systemic to pulmonary arterial shunt in TOF followed 
by repair at a later procedure.17 We characterized the 
reparative surgeries and first-stage procedures for 
each selected biventricular sentinel CHD. For CHDs 
where a range of anatomy occurs and the treatment 
pathway may be either a biventricular repair or staged 
single-ventricle palliation (eg, in AVSD, since the CHD 
may present with ventricles that are either balanced 
or unbalanced in size),30 the treatment pathways were 
defined involving both palliative and reparative proce-
dures. Finally, treatment pathways may involve a “pre-
pathway procedure,” which is a short-term intervention 
that occurs after the child’s birth and before the first 
staged surgery (eg, balloon atrial septostomy in TGA), 
which we defined drawing on peer-reviewed definitions 
from prior studies.10,12,28

Patients With Suspected Missing Data

We identified patients with suspicious missing or un-
usual procedure sequences for the CHD diagnoses, 
informed by clinical expertise. In future routine moni-
toring, all such patients will be flagged with the treating 
centers for correction.

Rules for Use in Routine Reporting

We developed rules for assigning the sentinel diagno-
ses, subgroups, complexity characteristics, treatment 
pathways, and suspected missing data to individual 
patients using the procedure and diagnosis data rou-
tinely collected for national audit to enable routine moni-
toring of outcomes by sentinel diagnosis. These rules 
are available at https://​www.​ucl.​ac.​uk/​clini​cal-​opera​
tional-​resea​rch-​unit/​resea​rch-​domai​ns/​conge​nital-​
heart-​disea​se-​child​ren-​and-​adults (in the “CHAMPION” 
dropdown list). When we assigned record-level diagno-
sis and procedure codes, each child could have only 
one of each defined pathway procedure applicable to 
the CHD diagnoses, ie, one occurrence of a stage 1, 
stage 2, stage 3, or reparative procedure per patient.

Part 3: Calculating the Outcome Metrics 
by Sentinel CHD for Patients in England 
and Wales From April 2000 to March 2023
Cohort Population

The cohort population was as defined in Methods Part 
2a.

Outcome Metrics and Analysis

Survival was ascertained as described in Methods 
Part 1b and calculated at 1, 5, and 10 years of age.

Reinterventions were defined as cardiac surgery of 
open and closed types, interventional catheterizations, 
electrophysiology interventions, or hybrid procedures 
undertaken for residual, recurrent, or acquired cardiac 
conditions over and above the expected treatment 
pathway as defined for each sentinel CHD in Method 
Part 2c. Pathway procedures were identified first, and 
any subsequent occurrence of a defined pathway pro-
cedure, ie, a reoperation, was classified as a reinter-
vention. Reinterventions were grouped as surgical and 
interventional cardiology types and were calculated at 
1, 5, and 10 years of age.

For each sentinel CHD diagnoses, we estimated 
survival rate over time using Kaplan–Meier approach 
and calculated the cumulative incidence of reinterven-
tion over time using cumulative incidence functions, 
taking account of death and heart transplant without 
reintervention as competing events.

Data management were performed with Stata 15 
software (StataCorp LLC) and statistical analyses 
were performed using R version 4.3.0 (Foundation for 
Statistical Computing).

RESULTS
Part 1: Sentinel CHD Diagnoses
Table 1 shows, for each of the 24 candidate CHD diag-
noses based on Brown et al,7 the number of patients, 
the proportion of patients starting interventional treat-
ment in infancy, the proportion with ≥3 cardiac proce-
dures, and the proportion who died before 5 years old. 
CHD diagnoses excluded based on the low number of 
patients, low proportion starting treatment in infancy, 
or low event rates are highlighted.

The following sentinel CHD diagnoses were se-
lected (in order of decreasing clinical complexity), 
with clinician-defined important subgroups shown in 
parentheses: hypoplastic left heart syndrome (HLHS), 
functionally univentricular heart (FUH) (double-inlet 
ventricle and tricuspid atresia), transposition of the 
great arteries (TGA) (TGA with intact septum, com-
plex TGA with or without pulmonary stenosis), pul-
monary atresia (PA) (PA with or without ventricular 
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septal defect [VSD]), atrioventricular septal defect 
(AVSD) (complete, partial, unbalanced and tetralogy 
with AVSD), tetralogy of Fallot (TOF) (with or without 
double-outlet right ventricle), valvar aortic stenosis 
(AS; with or without other levels of left heart obstruc-
tion), coarctation of the aorta (with or without VSD), 
and VSD (single or multiple). Although a common 
condition involving early intervention and late mortal-
ity, we excluded persistent or patent ductus arterio-
sus, because this condition is related to prematurity 
not CHD for most children.

Of the 9 sentinel CHDs selected, VSD was the least 
severe and most prevalent condition, in 5081 children, 
of whom 79.9% were operated on in infancy, 4.2% had 
≥3 cardiac interventions, and 3.3% died before 5 years 
old. The most severe diagnosis was HLHS in 1393 
children, of whom 98.9% had at least 1 operation in 

infancy, 64% had ≥3 cardiac interventions, and 37.4% 
died before the age of 5 years.

Outcome Metrics

The outcome metrics selected were survival to the 
ages of 1 year, 5 years, and 10 years, and the cumu-
lative incidence of children with at least 1 additional 
surgery and additional therapeutic catheterization as 
a reintervention by the ages of 1 year, 5 years, and 
10 years.

Part 2: Cohort Population
The data set incorporated all procedures in NCHDA 
undertaken in 71 050 children born between April 2000 
and March 2022 (Figure S1 depicts the inclusion flow 

Table 1.  Selection of Sentinel CHD Diagnoses

Primary diagnosis Patients, n

Proportion starting 
interventional 
treatment in infancy, 
%

Proportion with 3+ 
cardiac procedures, 
%

Proportion died 
before age 5 y, %

Diagnoses selected for inclusion in the cohort

HLHS 1393 98.9 64.0 37.4

FUH 1327 92.4 65.3 19.9

TGA all complex types 2015 97.6 28.8 7.8

TGA and intact ventricular septum 1165 99.0 10.9 5.1

Pulmonary atresia and intact ventricular 
septum

410 98.3 54.4 23.4

Pulmonary atresia and VSD 1230 86.4 55.0 19.1

AVSD 2884 71.4 9.1 9.2

TOF including DORV 3290 81.3 14.9 4.4

Aortic valve stenosis 1273 75.6 19.5 7.9

Aortic arch obstruction ± VSD or ASD 3297 84.8 9.3 3.8

VSD 5081 79.9 4.2 3.3

Diagnoses excluded: low number of patients, low proportion starting treatment in infancy, or low event rates

Mitral valve diseases 764 52.7 13.4 7.7

Subaortic stenosis (isolated) 314 18.8 6.1 0.6

Aortic regurgitation 313 16.9 2.9 0.6

Atrial septal defect 3891 13.4 1.3 1.6

Patent ductus arteriosus 8928 56.9 0.5 6.0

Diagnoses excluded: borderline for reasons of low number of patients, low proportion starting treatment in infancy, or low event rates

Common arterial trunk 443 97.1 41.3 17.8

Interrupted aortic arch 339 95.3 33.6 13.9

Tricuspid valve including Ebstein anomaly 423 61.2 16.5 9.2

Totally anomalous pulmonary venous 
connection

701 96.6 3.7 8.7

Pulmonary stenosis 2660 67.1 3.8 2.4

Diagnoses excluded: mixed group of very rare conditions

Miscellaneous primary congenital diagnoses 1951 71.9 22.5 10.4

The selection of sentinel congenital heart disease (CHD) diagnoses was based on National Congenital Heart Diseases Audit data from April 2000 to March 
2017. AVSD indicates atrioventricular septal defect; DORV, double-outlet right ventricle; FUH, functionally univentricular heart; HLHS, hypoplastic left heart 
syndrome; TGA, transposition of the great arteries; TOF, tetralogy of Fallot; and VSD, ventricular septal defect.
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chart). We excluded 2233 children outside England 
and Wales, as well as 1411 non-NHS patients, typically 
foreign nationals, for whom reliable life status could not 
be ascertained. After excluding 263 patients who had 
no cardiac procedure codes and 86 who had major 
data errors, there were 67 406 children from England 
and Wales in the data set. A total of 29 319 (41.3%) pa-
tients had one of the sentinel CHDs.

Sentinel CHDs, CHD Subgroups, and 
Comorbidities

Table 2 shows the number of children with each de-
fined sentinel CHD and each CHD subgroup. For ex-
ample, there were 4358 children with AVSD consisting 
of tetralogy with AVSD (n=215), unbalanced AVSD 
(n=291), partial AVSD (n=1108), and complete AVSD 
(n=2744). The median number of children who started 
treatment per year at each center was HLHS: 14 (inter-
quartile range [IQR], 8–17), FUH: 10 (IQR, 7–17), TGA: 
48 (IQR, 37–56), PA: 18 (IQR, 14–23), AVSD: 36 (IQR, 
28–50), TOF: 44 (IQR, 41–50), AS: 12 (IQR, 9–14), co-
arctation: 51 (IQR, 46–62), and VSD: 63 (IQR, 50–76).

Congenital comorbidities affected: HLHS: 14.0%, 
FUH: 14.5%, TGA: 5.2%, PA: 28.1%, AVSD: 53.8%, 
TOF: 22.3%, AS: 8.6%, coarctation: 12.0%; and VSD: 
23.8%.

Premature birth affected HLHS: 4.2%, FUH: 7.8%, 
TGA: 4.1%, PA: 10.7%, AVSD: 7.5%, TOF: 8.8%, AS: 
5.7%, coarctation: 7.3%; and VSD: 10.0%.

Median patient age (days since birth) and weight 
(kg) at first cardiac procedure were HLHS: 4 days (IQR, 
3–6 days) and 3.1 kg (IQR, 2.8–3.5 kg), FUH: 18 days 
(IQR, 6–69 days) and 3.4 kg (IQR, 3.0–4.3 kg), TGA: 
5 days (IQR, 1–13 days) and 3.3 kg (IQR, 3.0–3.7 kg), 
PA: 14 days (IQR, 5–84 days) and 3.3 kg (IQR, 2.8–
4.3 kg), AVSD: 157 days (IQR, 94–430 days) and 5.3 kg 
(IQR, 4.1–8.5 kg), TOF: 193 days (IQR, 107–306 days) 
and 6.7 kg (IQR, 5.0–8.2 kg), AS: 112 days (IQR, 19–
1305 days) and 5.9 kg (IQR, 3.6–15.7 kg), coarctation: 
20 days (IQR, 8–110 days) and 3.6 kg (IQR, 3.0–5.5 kg), 
and VSD: 154 days (IQR, 94–317 days) and 5.3 kg (IQR, 
4.2–7.6 kg), respectively.

Expected Interventional Treatment Pathways

All patients with HLHS and FUH had a single-ventricle 
pathway. There was a single-ventricle surgical pathway 
in 2.4% of 3759 patients with TGA, 10.2% of 1642 pa-
tients with PA, and 3.1% of 4280 patients with AVSD; 
the remaining children had a biventricular pathway. 
Among children with TOF, VSD, coarctation, and AS, 
all patients (except 5 with TOF) had a biventricular 
pathway.
Figure  1 depicts 2 example treatment pathways: (1) 
for the 1228 children with HLHS (a single-ventricle 

condition); and (2) for the 3858 patients with standard 
TOF (the main CHD subgroup of this biventricular con-
dition). For HLHS, 1188 (96.7%) patients had under-
gone stage 1 palliation; 795 (64.74%) had undergone 
stage 2 palliation; and 536 (43.6%) had undergone a 
Fontan. For standard TOF, 647 (16.8%) patients had a 
stage 1 palliative procedure and 3798 (98.4%) had a 
reparative procedure.

Patients With Suspected Missing Data

Of the whole study cohort 29 319, 305 (1.0%) patient 
records were flagged as containing potential missing 
or miscoded data.

Part 3: Cohort Population
The cohort population is described in Results Part 2a.

Outcome

Table 3 and Figure 2 shows survival metrics for each 
sentinel CHD diagnosis. For example, at 10 years 
of age, the survival rate was: HLHS: 57.6% (95% CI, 
54.9%–60.4%), FUH: 86.7% (95% CI, 84.6%–88.9%), 
TGA: 93.1% (95% CI, 92.2%–93.9%), PA: 81.0% (95% 
CI, 79.1%–82.9%), AVSD: 88.5% (95% CI, 87.5%–
89.5%), TOF: 95.1% (95% CI, 94.4%–95.8%), AS: 
94.4% (95% CI, 93.3%–95.6%), coarctation: 96.7% 
(95% CI, 96.2%–97.3%), and VSD: 96.9% (95% CI, 
96.4%–97.3%).

There were differences in survival rates between 
CHD subgroups, which we show individually in Table 2, 
the most pronounced of which was for AVSD (10-year 
survival rates of 80.8% for tetralogy with AVSD, 62.5% 
for unbalanced AVSD, 96.7% for partial AVSD, and 
88.5% for complete AVSD).

The reintervention metrics for each CHD diagno-
sis are given in Table  4 and can be summarized as 
reintervention cumulative incidence at 10 years old: 
HLHS: 54.5% (95% CI, 51.5%–57.3%), FUH: 57.3% 
(95% CI, 53.9%–60.5%), TGA: 20.9% (95% CI, 19.5%–
22.3%), PA: 66.8% (95% CI, 64.2%–69.1%), AVSD: 
21.6% (95% CI, 20.3%–23.0%), TOF: 26.6% (95% CI, 
25.2%–28.0%), AS: 31.2% (95% CI, 28.8%–33.6%), 
coarctation: 19.8% (95% CI, 18.6%–21.1%), and VSD: 
6.1% (95% CI, 5.5%–6.8%). There were differences in 
reintervention occurrence by CHD subgroup, the most 
pronounced for TGA (10-year reintervention of 59.3% 
for complex TGA with PS, 25.4% for complex TGA 
without PS, and 9.8% for TGA with intact ventricular 
septum). Of note, patients with suspected missing data 
(305 [1.0%]) were excluded from the calculations of re-
intervention metrics.

The Kaplan–Meier curves and reintervention cu-
mulative incidence function charts for each sentinel 
CHD are shown by subgroups in Figures S2 and S3. 
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We present a breakdown of the captured reinterven-
tion numbers by type of reintervention (bypass sur-
gery, cardiac surgery nonbypass, hybrid procedures, 
interventional catheters, and electrophysiology types) 
for each sentinel CHD in Table S1 and the cumulative 
incidence of reintervention by surgery and interven-
tional cardiology types in Tables S2 and S3.

DISCUSSION
Summary of Findings
As the 30-day mortality rate for pediatric cardiac sur-
gery has consistently fallen below 2% in England, ser-
vice providers, commissioners, and patients and their 
families support a wider range of outcomes being 
monitored routinely by national audit. We combined 
clinical expertise, patient and family views, and statis-
tical analysis of the national audit database, to select 
9 sentinel CHD diagnoses and a set of longer-term 

outcomes (1-, 5-, and 10-year survival and reinterven-
tion rates) suitable for routine monitoring. To support 
the feasibility of future routine monitoring, we also 
defined treatment pathways for each diagnosis and 
developed algorithms to assign the applicable senti-
nel CHD types and treatment pathways to individual 
patients in the data. The presented outcomes are of 
interest to all stakeholders because they provide a 
more complete picture than 30-day metrics. This is 
because for these CHDs, the treatment pathway often 
involves more than one surgery; a range of additional 
risk factors may evolve over time;29,31,32 and there is 
the possibility of late postdischarge death. Moreover, 
these outcomes reflect contemporary treatments in a 
growing population of survivors, and such information 
is sparse.33

Our 9 sentinel CHDs captured nearly half of all 
operations undertaken nationally and a range of se-
verities, which is advantageous for metrics for assess-
ing overall care quality. Severity is illustrated by the 

Figure 1.  Pathway diagram for congenital heart disease diagnoses.
(A) Hypoplastic left heart syndrome (HLHS; n=1228) and (B) standard tetralogy (n=3858). Patients with suspected missing or miscoded 
data (68 HLHS and 54 standard tetralogy) were removed from the pathway diagram. The percentage of the pathway procedure 
subtype was computed based on patients who had the pathway procedure. VSD indicates ventricular septal defect.
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10-year survival rates, which ranged from 57.6% (95% 
CI, 54.9%–60.4%) for children with HLHS to 97.3% 
(95% CI, 96.7%–97.9%) for children with isolated VSD. 
Reinterventions have rarely been reported as metrics, 
given the complexities in ascertaining these outcomes. 

However, our work has shown that it is feasible and 
demonstrates their importance, given that by the age 
of 10 years, these occurred in more than half of chil-
dren with HLHS, FUH, and PA and approximately 20% 
to 50% of children with the other CHD diagnoses.

Table 3.  Survival Metrics in Each CHD Diagnosis Group

Diagnosis
Diagnosis 
subgroup

Follow-up time, y Survival rates with 95% CI

Median (IQR) 
[minimum, maximum] At age 1 y At age 5 y At age 10 y

Diagnoses that are exclusively single ventricle

HLHS HLHS 4.7 (0.2–12.8) [0, 23.4] 63.8% (61.3%–66.5%) 59.1% (56.4%–61.8%) 57.6% (54.9%–60.4%)

FUH Total (FUH) 10.5 (4.7–16.1) [0, 23.4] 90.4% (88.5%–92.2%) 87.8% (85.8%–89.9%) 86.7% (84.6%–88.9%)

Double-inlet ventricle 11.0 (5.5–16.0) [0, 23.4] 93.7% (91.4%–96.0%) 91.3% (88.6%–94.0%) 90.0% (87.1%–92.9%)

Tricuspid atresia 10.0 (3.9–16.1) [0, 23.4] 87.7% (85.0%–90.5%) 85.1% (82.2%–88.1%) 84.2% (81.1%–87.3%)

Diagnoses with a primary diagnosis that can be either managed by single-ventricle or biventricular pathway

TGA Total (TGA) 11.1 (5.4–16.7) [0, 23.4] 94.4% (93.7%–95.1%) 93.5% (92.7%–94.3%) 93.1% (92.2%–93.9%)

Complex TGA and 
PS

11.2 (6.0–17.0) [0, 23.4] 93.0% (90.7%–95.4%) 90.5% (87.8%–93.2%) 89.8% (87.0%–92.7%)

Complex TGA 
without PS

10.3 (4.9–15.5) [0, 23.3] 92.2% (90.7%–93.6%) 91.1% (89.6%–92.7%) 90.3% (88.7%–92.0%)

TGA with intact 
ventricular septum

11.7 (5.7–17.3) [0, 23.4] 96.1% (95.3%–96.9%) 95.7% (94.8%–96.6%) 95.5% (94.6%–96.4%)

PA Total (PA) 9.5 (3.2–16.1) [0, 23.4] 86.5% (84.9%–88.2%) 82.1% (80.3%–84.0%) 81.0% (79.1%–82.9%)

PA and VSD 9.9 (3.7–16.0) [0, 23.4] 89.2% (87.4%–91.0%) 83.4% (81.2%–85.6%) 82.1% (79.8%–84.4%)

PA with intact 
ventricular septum

8.9 (2.0–16.6) [0, 23.3] 80.6% (77.2%–84.1%) 79.3% (75.9%–82.9%) 78.6% (75.1%–82.2%)

AVSD Total (AVSD) 11.0 (5.2–16.7) [0, 23.4] 92.3% (91.5%–93.1%) 89.2% (88.2%–90.1%) 88.5% (87.5%–89.5%)

Tetralogy AVSD 9.3 (4.0–15.2) [0.1, 23.3] 91.1% (87.4%–95.0%) 83.3% (78.4%–88.5%) 80.8% (75.5%–86.5%)

Unbalanced AVSD 5.9 (0.9–13.1) [0, 23.3] 74.2% (69.3%–79.4%) 64.3% (59.0%–70.1%) 62.5% (57.1%–68.4%)

Partial AVSD 13.2 (8.4–18.2) [0, 23.4] 98.5% (97.7%–99.2%) 97.0% (96.0%–98.0%) 96.7% (95.6%–97.7%)

Complete AVSD 10.5 (4.7–16.4) [0, 23.4] 91.8% (90.7%–92.8%) 89.1% (87.9%–90.3%) 88.5% (87.3%–89.7%)

Diagnoses that are exclusively biventricular

TOF Total (TOF) 11.4 (6.3–16.8) [0, 23.4] 97.3% (96.8%–97.8%) 95.7% (95.2%–96.3%) 95.1% (94.5%–95.8%)

Tetralogy with absent 
pulmonary valve

12.1 (7.7–17.6) [0, 23.3] 94.6% (91.3%–97.9%) 92.9% (89.2%–96.7%) 91.6% (87.5%–95.8%)

Tetralogy with DORV 9.3 (5.1–14.1) [0, 23.2] 95.6% (93.8%–97.3%) 91.5% (89.2%–93.9%) 90.5% (88.0%–93.1%)

Standard tetralogy 11.7 (6.4–17.1) [0, 23.4] 97.7% (97.2%–98.1%) 96.5% (95.9%–97.0%) 95.9% (95.3%–96.6%)

AS Total (AS) 13.0 (7.3–18.2) [0, 23.4] 95.5% (94.5%–96.5%) 94.7% (93.7%–95.8%) 94.4% (93.3%–95.6%)

AS and mutilevel 
left-sided heart 
obstruction

12.2 (6.7–17.2) [0, 23.3] 94.7% (92.6%–96.8%) 93.0% (90.6%–95.5%) 92.1% (89.5%–94.7%)

Isolated AS 13.2 (7.6–18.3) [0, 23.4] 95.8% (94.7%–96.9%) 95.4% (94.2%–96.6%) 95.3% (94.1%–96.5%)

Coarctation Total (coarctation) 11.6 (6.1–17.4) [0, 23.4] 97.6% (97.2%–98.1%) 96.9% (96.4%–97.4%) 96.7% (96.2%–97.3%)

Coarctation plus 
VSD

9.9 (5.1–15.5) [0, 23.4] 96.6% (95.6%–97.6%) 95.6% (94.5%–96.7%) 95.6% (94.5%–96.7%)

Isolated coarctation 12.3 (6.8–18.4) [0, 23.4] 98.1% (97.6%–98.6%) 97.5% (96.9%–98.1%) 97.3% (96.7%–97.9%)

VSD Total (VSD) 11.4 (6.2–16.7) [0, 23.4] 98.4% (98.1%–98.7%) 97.3% (96.9%–97.7%) 96.9% (96.4%–97.3%)

Multiple VSDs 11.0 (5.3–16.4) [0, 23.2] 96.4% (94.7%–98.2%) 93.7% (91.4%–96.1%) 92.3% (89.7%–95.0%)

Isolated VSD 11.4 (6.4–16.8) [0, 23.4] 98.5% (98.2%–98.8%) 97.6% (97.2%–98.0%) 97.2% (96.8%–97.6%)

Survival rates (Kaplan–Meier) with 95% CIs at 1, 5, and 10 years old. The cohort was based on on National Congenital Heart Diseases Audit data from April 
2000 to March 2022. AS indicates aortic stenosis; AVSD, atrioventricular septal defect; CHD, congenital heart disease; DORV, double-outlet right ventricle; 
FUH, functionally univentricular heart; HLHS, hypoplastic left heart syndrome; IQR, interquartile range; PA, pulmonary atresia; PS, pulmonary stenosis; TGA, 
transposition of the great arteries; TOF, tetralogy of Fallot; and VSD, ventricular septal defect.
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Context
Most quality assurance registries and audits cur-
rently focus their reporting on short-term in-hospital 
outcomes of mortality and postoperative complica-
tions.2,34,35 Both of these were raised as important 
metrics within the patient online discussion forums 
undertaken in the United Kingdom11 and within the re-
cent James Lind Alliance Priortiy Setting Partnership 
for CHD,36 and are reported by NCHDA. A few national 
registries have already reported long-term outcomes 
but they are more limited in scope than our analy-
sis. For example, the Swedcon registry in Sweden 
reports aggregated quality-of-life data:32 patient-
reported outcomes including quality of life, which were 
also prioritized by patients and families in the United 
Kingdom.11,36 The Australia and New Zealand Fontan 
Registry reports long-term survival in a range of publi-
cations but captures children only after they reach the 
third stage of single-ventricle palliation and only for a 

restricted set of diagnoses.31 Outside of the context 
of routine monitoring, population-based data on long-
term outcomes with CHD are sparse: a systematic re-
view and metanalysis of population-based studies of 
long-term survival with CHD published in 2016 found 
only 16 worldwide and calculated a pooled 10-year 
survival rate of 81.4% (95% CI, 73.8–87.9).33 This sys-
tematic review included population-based data from 
3 sites in Arizona, Arkansas, and Atlanta, Georgia, 
within the Centers for Disease Control and Prevention–
funded CH STRONG study.37 This study importantly 
highlighted the role of disparities in determining longer-
term survival for individuals with CHD.38

Strengths and Limitations
Although we selected for inclusion 9 sentinel CHDs with 
significant subtypes to capture a wide range of key con-
ditions affecting young children, certain rarer CHDs that 

Figure 2.  Kaplan–Meier survival curves for each congenital heart disease diagnosis.
AS indicates aortic stenosis; AVSD, atrioventricular septal defect; FUH, functionally univentricular heart; HLHS, hypoplastic left 
heart syndrome; PA, pulmonary atresia; TGA, transposition of the great arteries; TOF, tetralogy of Fallot; and VSD, ventricular 
septal defect.
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are nonetheless important (as shown in Table  1) were 
not included. Our registry-based study reflects prac-
tice in England and Wales and is limited by data quality; 

however, cardiac codes in NCHDA were of high quality 
over the entire study period. There is no perfect method 
for categorizing CHD diagnoses given the heterogeneity 

Table 4.  Reintervention Metrics in Each CHD Diagnosis Group

Diagnosis Diagnosis subgroup

Follow-up time, y Cumulative incidence of reintervention (any type)

Median (IQR) 
[minimum, 
maximum] At age 1 y At age 5 y At age 10 y

Diagnoses that are exclusively functionally single ventricle

HLHS HLHS 0.3 (0.1–3.5) [0, 21.7] 37.4% (34.7%–40.1%) 48.7% (45.8%–51.5%) 54.5% (51.5%–57.3%)

FUH Total (FUH) 3.2 (0.3–8.6) [0, 22.0] 27.9% (25.2%–30.8%) 46.0% (42.8%–49.2%) 57.3% (53.9%–60.5%)

Double-inlet ventricle 3.9 (0.5–9.0) [0, 21.6] 26.5% (22.5%–30.8%) 46.0% (41.1%–50.8%) 58.7% (53.5%–63.5%)

Tricuspid atresia 2.7 (0.3–8.0) [0, 22.0] 29.1% (25.4%–33.0%) 46.3% (41.9%–50.5%) 56.2% (51.6%–60.5%)

Diagnoses with a primary diagnosis that can be either managed by functionally single-ventricle or biventricular pathway

TGA Total (TGA) 7.1 (1.3–13.4) [0, 22.0] 13.2% (12.1%–14.3%) 18.4% (17.1%–19.7%) 20.9% (19.5%–22.3%)

Complex TGA and PS 2.4 (0.4–8.6) [0, 21.9] 30.3% (25.9%–34.7%) 50.3% (45.3%–55.1%) 59.3% (54.0%–64.2%)

Complex TGA 
without PS

6.1 (0.6–12.1) [0, 21.9] 17.2% (15.2%–19.4%) 22.0% (19.6%–24.4%) 25.4% (22.8%–28.0%)

TGA with intact 
ventricular septum

8.9 (2.7–14.7) [0, 22.0] 7.0% (6.0%–8.2%) 9.3% (8.1%–10.7%) 9.8% (8.6%–11.2%)

PA Total (PA) 1.1 (0.2–4.4) [0, 21.9] 36.0% (33.6%–38.3%) 59.3% (56.8%–61.7%) 66.8% (64.2%–69.1%)

PA and VSD 1.3 (0.5–4.2) [0, 21.9] 32.0% (29.3%–34.8%) 62.0% (59.0%–64.8%) 69.9% (67.0%–72.7%)

PA with intact 
ventricular septum

0.4 (0.0–5.3) [0, 21.9] 44.9% (40.5%–49.2%) 52.8% (48.2%–57.1%) 58.9% (54.2%–63.3%)

AVSD Total (AVSD) 7.4 (2.0–13.7) [0, 22.0] 9.5% (8.7%–10.4%) 17.6% (16.4%–18.8%) 21.6% (20.3%–23.0%)

Tetralogy with AVSD 3.8 (1.0–10.3) [0, 22.0] 18.2% (13.2%–23.8%) 34.3% (27.6%–41.0%) 39.1% (32.0%–46.2%)

Unbalanced AVSD 1.3 (0.3–5.8) [0, 21.8] 29.4% (24.1%–34.9%) 41.8% (35.8%–47.7%) 49.0% (42.5%–55.2%)

Partial AVSD 10.3 (5.1–15.8) [0, 
22.0]

4.1% (3.0%–5.3%) 11.8% (10.0%–13.9%) 16.5% (14.3%–18.9%)

Complete AVSD 7.0 (1.7–13.5) [0, 22.0] 9.2% (8.1%–10.3%) 16.1% (14.7%–17.6%) 19.6% (18.0%–21.3%)

Diagnoses that are exclusively biventricular

TOF Total (TOF) 7.2 (2.3–13.0) [0, 22.0] 8.8% (8.1%–9.7%) 21.1% (19.9%–22.3%) 26.6% (25.2%–28.0%)

Tetralogy with absent 
pulmonary valve

6.2 (1.6–11.7) [0, 21.5] 13.2% (8.8%–18.6%) 35.3% (28.3%–42.4%) 47.5% (39.4%–55.2%)

Tetralogy with DORV 4.6 (1.2–9.7) [0, 20.6] 15.8% (12.8%–19.1%) 33.9% (29.7%–38.1%) 39.6% (35.0%–44.2%)

Standard tetralogy 7.7 (2.6–13.4) [0, 22.0] 7.7% (6.9%–8.6%) 18.6% (17.4%–19.9%) 23.8% (22.3%–25.2%)

AS Total (AS) 8.5 (2.2–14.1) [0, 22.0] 13.4% (11.8%–15.2%) 21.9% (19.9%–24.0%) 31.2% (28.8%–33.6%)

AS and multilevel 
left-sided heart 
obstruction

4.7 (0.5–11.4) [0, 21.9] 26.6% (22.6%–30.9%) 40.9% (36.1%–45.5%) 52.3% (47.1%–57.2%)

Isolated AS 9.5 (3.5–14.9) [0, 22.0] 8.7% (7.2%–10.4%) 14.9% (12.9%–17.1%) 23.4% (20.9%–26.1%)

Coarctation Total (coarctation) 8.1 (2.1–14.3) [0, 22.0] 11.8% (10.8%–12.8%) 16.8% (15.7%–18.0%) 19.8% (18.6%–21.1%)

Coarctation plus VSD 5.0 (0.9–11.7) [0, 22.0] 18.0% (15.9%–20.1%) 25.9% (23.5%–28.4%) 27.9% (25.3%–30.5%)

Isolated coarctation 9.4 (3.0–15.2) [0, 22.0] 9.0% (8.0%–10.1%) 12.8% (11.6%–14.1%) 16.2% (14.8%–17.7%)

VSD Total (VSD) 9.4 (4.2–15.0) [0, 22.0] 2.8% (2.4%–3.2%) 5.3% (4.8%–5.9%) 6.1% (5.5%–6.8%)

Multiple VSDs 6.3 (2.2–13.6) [0, 21.9] 8.8% (6.3%–11.8%) 21.1% (17.2%–25.3%) 22.2% (18.1%–26.5%)

Isolated VSD 9.5 (4.5–15.0) [0, 22.0] 2.3% (2.0%–2.7%) 4.2% (3.7%–4.8%) 5.0% (4.4%–5.6%)

Reintervention cumulative incidence with 95% CIs at 1, 5, and 10 years old, taking account of death and heart transplant without reintervention as competing 
events. The follow-up period considered the occurrence of the reintervention or competing events (death and heart transplant), whichever came earlier, as 
end points. Patients with suspected missing or miscoded data (305 [1%]) were removed from the reintervention monitoring. Reintervention metrics by types 
(surgical and interventional cardiology) are presented in the supplemental material. Cohort based on National Congenital Heart Diseases Audit data from April 
2000 to March 2022. AS indicates aortic stenosis; AVSD, atrioventricular septal defect; CHD, congenital heart disease; DORV, double-outlet right ventricle; 
FUH, functionally univentricular heart; HLHS, hypoplastic left heart syndrome; IQR, interquartile range; PA, pulmonary atresia; PS, pulmonary stenosis; TGA, 
transposition of the great arteries; TOF, tetralogy of Fallot; and VSD, ventricular septal defect.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 7, 2024



J Am Heart Assoc. 2024;13:e035166. DOI: 10.1161/JAHA.124.035166� 14

Brown et al� Long-Term Outcomes of Congenital Heart Disease

of CHD; however, we ensured robust definitions through 
the involvement of experienced clinicians in defining 
CHD diagnoses and data quality thresholds. In addi-
tion, NCHDA is a procedure-based data set, so patients 
who did not undergo any surgical or interventional car-
diac procedures were not incorporated into the study. 
Children with CHD may be affected by conditions that 
influence their outcomes such as low weight, preterm 
birth, and noncardiac comorbidities.15 Although we re-
port the rates of these conditions, their influence on the 
outcomes was not considered in this descriptive study. 
This current study provides methods of analysis for 
longer-term outcomes by sentinel CHD diagnoses but 
did not take the next important steps required to use 
them to explore practice and evaluate quality of care.

We note that the following metrics were highlighted 
as important by patients and families in the online fo-
rums11 but are not measurable within the current rou-
tinely collected registry data sets: use of medications, 
pregnancy risks and outcomes, availability of sup-
port services, cancellations of surgery, and delayed 
follow-up. A limitation of online forums as a method 
to gather patient and family views is that these may 
capture the views of people who have access to the 
internet, excluding those who do not, which might un-
dermine diversity of representation.

Future Directions
Although we have demonstrated that it is feasible 
to use routine NHS data sets to evaluate important 
longer-term outcome metrics for CHD in childhood, 
there are residual challenges before these could be re-
ported by the national audit. Difficulties relate to the im-
portant variation in outcomes by CHD subgroups, the 
small number of children starting treatment for each 
CHD and subgroup within individual centers, and how 
to address these issues when assessing center-level 
outcomes. Therefore, reporting of these CHD outcome 
metrics at the national level inclusive of subgroup out-
comes might be the best place to start. Future uses of 
our methods of analysis could include the evaluation of 
health care costs over the longer-term and any influ-
ences of social factors on outcomes. Patients/families 
identified a range of longer-term outcome metrics not 
captured by national audit, emphasizing the need to 
explore and evaluate a wider range of more complex 
outcome metrics in the future.
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