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Objectives
The objectives of this study were to provide
evidence to inform policy decisions about the most
appropriate newborn screening strategy for
congenital heart defects and to identify priorities
for future research that might reduce important
uncertainties in the evidence base for such
decisions.

Specifically the study aimed to: 

� systematically review the epidemiology, natural
history, treatment and outcomes of congenital
heart defects, as well as the performance, effects
and costs of current and alternative newborn
screening strategies

� classify congenital heart defects for newborn
screening taking into account clinical features,
presymptomatic interval, prevalence, natural
history and treatment

� evaluate effects, costs and cost-effectiveness of
alternative newborn screening strategies

� explore the values of parents and health
professionals towards the quality of life of
children with congenital heart defects

� explore parental experiences of newborn
screening for, and diagnosis of, congenital heart
defects.

Methods
A systematic review of the published medical
literature concerning outcomes for children with
congenital heart defects was carried out. The
results of this review were then used in the
decision analytic model, based on a population of
100,000 live-born infants, developed to assess the
cost-effectiveness of alternative screening
strategies for congenital heart defects relevant to
the UK. 

A study was then carried out exploring the
perspectives of parents and health professionals
towards the quality of life of children with
congenital heart defects. Eight health state
descriptions of degrees of cardiac and neurological
disability resulting from congenital heart defects
were developed and these were presented with a

self-administered anonymous questionnaire to two
groups of respondents: parents of a child with a
congenital heart defect and the health
professionals who care for them. Respondents
were asked to rank and then score these health
states on a visual analogue scale; they then marked
the state ‘death’ on the scale. The views of health
professionals and parents about the quality of life
of children with congenital heart defects, as
represented by these typical health states, were
compared.

Finally, a structured review was carried out of 
the medical literature regarding parental
experiences of newborn screening with relevance
to screening for congenital heart defects. The
findings from the literature review were linked
with those from a focus group set up by the study
with parents of children with congenital heart
defects. 

Results
Epidemiology 
Congenital heart defects affect 7–8 per 1000 
live-born infants and account for 3% of all infant
deaths and 46% of deaths due to congenital
malformations. Around 18–25% of affected infants
die in the first year, with 4% of those surviving
infancy dying by 16 years. 

Outcomes
Long-term sequelae include cardiac arrhythmias,
infective endocarditis and pulmonary vascular
obstructive disease. 

The study found that long-term outcome studies
addressing physical disability, neurodevelopmental,
cognitive or psychosocial outcomes and the
capacity to participate in normal childhood
activities are lacking. Severe neurological deficits
affect 5–10% following surgery and milder
neurological problems occur in up to one-quarter
of children.

Classification of congenital heart
defects
Congenital heart defects can be classified into
three main types.
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� Life-threatening congenital heart defects are
structural cardiac malformations in which
collapse is likely and comprise: transposition of
the great arteries, coarctation/interrupted aortic
arch, aortic stenosis, pulmonary atresia and
hypoplastic left heart/mitral atresia. 

� Clinically significant congenital heart defects are
structural cardiac malformations that have effects
on heart function but where collapse is unlikely
or its prevention unlikely to be feasible. The most
common defects in this group are ventricular
septal defect, complete atrioventricular septal
defect, atrial septal defect and tetralogy of Fallot.

� Clinically non-significant congenital heart
defects are anatomically defined cardiac
malformations that have no functional clinical
significance. They include ventricular septal
defects only detectable with echocardiography
and requiring no treatment.

Screening
The primary objective of newborn screening is the
presymptomatic identification of life-threatening
congenital heart defects to achieve a timely
diagnosis, defined as a preoperative diagnosis
before collapse or death occurs. A secondary
objective is the detection of clinically significant
congenital heart defects.

Current newborn screening policy comprises a
clinical examination at birth and 6 weeks, with
specific cardiac investigations for specified high-risk
children. Routine data are lacking, but under half of
affected babies, not previously identified antenatally
or because of symptoms, are identified by current
newborn screening. There is evidence that screen-
positive infants do not receive timely management. 

Pulse oximetry and echocardiography, in addition
to clinical examination, are alternative newborn
screening strategies but their cost-effectiveness 
has not been adequately evaluated in a UK 
setting. 

Decision analysis
In a population of 100,000 live-born infants, the
model predicts: 

� 121 infants with life-threatening congenital
heart defects undiagnosed at screening, of whom
82 (68%) and 83 (69%) are detected by pulse
oximetry and screening echocardiography,
respectively, but only 39 (32%) by clinical
examination alone. Of these, 71, 71 and 34,
respectively, receive a timely diagnosis

� 46 (0.5%) false-positive screening diagnoses per
100,000 infants with clinical examination, 1168

(1.3%) with pulse oximetry and 4857 (5.4%) with
screening echocardiography. The latter includes
infants with clinically non-significant defects

� total programme costs of £300,000 for clinical
examination, £480,000 for pulse oximetry and
£3.54 million for screening echocardiography. 

The additional cost per additional timely diagnosis
of life-threatening congenital heart defects ranges
from £4900 for pulse oximetry to £4.5 million for
screening echocardiography. Including clinically
significant congenital heart defects gives an
additional cost per additional diagnosis of £1500
for pulse oximetry and £36,000 for screening
echocardiography. Key determinants for cost-
effectiveness are detection rates for pulse oximetry
and screening echocardiography.

Valuing quality of life
Parents and health professionals place similar
values on the quality of life outcomes of children
with congenital heart defects and both are more
averse to neurological than to cardiac disability.

Parental views
Adverse psychosocial effects for parents are
focused around poor management and/or false
test results. 

Conclusions
The main conclusions of the study are as follows.

� Early detection through newborn screening
potentially can improve the outcome of
congenital heart defects.

� The current programme performs poorly, 
and lacks monitoring of quality assurance,
performance management and longer term
outcomes.

� Pulse oximetry is a promising alternative
newborn screening strategy but further evaluation
is needed to obtain more precise estimates of test
performance and to inform optimal timing,
diagnostic and management strategies.

� Although screening echocardiography is
associated with the highest detection rate, it is
the most costly strategy and has a 5% false-
positive rate. 

� Improving antenatal detection of congenital
heart defects increases the cost per timely
postnatal diagnosis afforded by any newborn
screening strategy but does not alter the relative
effects of the strategies.

� Timely management of screen-positive infants 
is essential if outcomes are to improve. 
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Implications for health care
The findings suggest the following: 

� Broadly, newborn screening for congenital heart
defects meets the National Screening
Committee criteria for a screening programme.

� There is a strong case for modifying the current
policy of clinical screening of the newborn and
6-week-old infant to include other more
effective tests. 

� The review and the decision analysis suggest
that pulse oximetry in addition to clinical
examination appears to be a strong candidate
for screening, but would require further
research evaluation to inform policy.

� Adequate diagnostic and management services
are essential to ensure good outcome.

� Information for parents and health
professionals is needed across the antenatal and
newborn continuum, as is a training curriculum
for midwives and others involved in screening.

� Routine data systems, currently lacking, are
required for audit, quality assurance and to

assess longer term follow-up, as are clearly
defined process and outcome measures.

Recommendations for further
research
The following areas are suggested for further study:

� Refining the detection rate and other aspects of
pulse oximetry. 

� More direct evaluation of antenatal screening
strategies.

� Investigating the psychosocial effects of
newborn screening for congenital heart defects.

Publication
Knowles R, Griebsch I, Dezateux C, Brown J, Bull
C, Wren C. Newborn screening for congenital
heart defects: a systematic review and cost-
effectiveness analysis. Health Technol Assess
2005;9(44).

Executive summary: Newborn screening for congenital heart defects



How to obtain copies of this and other HTA Programme reports.
An electronic version of this publication, in Adobe Acrobat format, is available for downloading free of
charge for personal use from the HTA website (http://www.hta.ac.uk). A fully searchable CD-ROM is
also available (see below). 

Printed copies of HTA monographs cost £20 each (post and packing free in the UK) to both public and
private sector purchasers from our Despatch Agents.

Non-UK purchasers will have to pay a small fee for post and packing. For European countries the cost is
£2 per monograph and for the rest of the world £3 per monograph.

You can order HTA monographs from our Despatch Agents:

– fax (with credit card or official purchase order) 
– post (with credit card or official purchase order or cheque)
– phone during office hours (credit card only).

Additionally the HTA website allows you either to pay securely by credit card or to print out your
order and then post or fax it.

Contact details are as follows:
HTA Despatch Email: orders@hta.ac.uk
c/o Direct Mail Works Ltd Tel: 02392 492 000
4 Oakwood Business Centre Fax: 02392 478 555
Downley, HAVANT PO9 2NP, UK Fax from outside the UK: +44 2392 478 555

NHS libraries can subscribe free of charge. Public libraries can subscribe at a very reduced cost of 
£100 for each volume (normally comprising 30–40 titles). The commercial subscription rate is £300 
per volume. Please see our website for details. Subscriptions can only be purchased for the current or
forthcoming volume.

Payment methods

Paying by cheque
If you pay by cheque, the cheque must be in pounds sterling, made payable to Direct Mail Works Ltd
and drawn on a bank with a UK address.

Paying by credit card
The following cards are accepted by phone, fax, post or via the website ordering pages: Delta, Eurocard,
Mastercard, Solo, Switch and Visa. We advise against sending credit card details in a plain email.

Paying by official purchase order
You can post or fax these, but they must be from public bodies (i.e. NHS or universities) within the UK.
We cannot at present accept purchase orders from commercial companies or from outside the UK.

How do I get a copy of HTA on CD?

Please use the form on the HTA website (www.hta.ac.uk/htacd.htm). Or contact Direct Mail Works (see
contact details above) by email, post, fax or phone. HTA on CD is currently free of charge worldwide.

The website also provides information about the HTA Programme and lists the membership of the various
committees.

HTA



NHS R&D HTA Programme

The research findings from the NHS R&D Health Technology Assessment (HTA) Programme directly
influence key decision-making bodies such as the National Institute for Health and Clinical

Excellence (NICE) and the National Screening Committee (NSC) who rely on HTA outputs to help raise
standards of care. HTA findings also help to improve the quality of the service in the NHS indirectly in
that they form a key component of the ‘National Knowledge Service’ that is being developed to improve
the evidence of clinical practice throughout the NHS.

The HTA Programme was set up in 1993. Its role is to ensure that high-quality research information on
the costs, effectiveness and broader impact of health technologies is produced in the most efficient way
for those who use, manage and provide care in the NHS. ‘Health technologies’ are broadly defined to
include all interventions used to promote health, prevent and treat disease, and improve rehabilitation
and long-term care, rather than settings of care.

The HTA Programme commissions research only on topics where it has identified key gaps in the
evidence needed by the NHS. Suggestions for topics are actively sought from people working in the
NHS, the public, service-users groups and professional bodies such as Royal Colleges and NHS Trusts. 

Research suggestions are carefully considered by panels of independent experts (including service users)
whose advice results in a ranked list of recommended research priorities. The HTA Programme then
commissions the research team best suited to undertake the work, in the manner most appropriate to find
the relevant answers. Some projects may take only months, others need several years to answer the
research questions adequately. They may involve synthesising existing evidence or conducting a trial to
produce new evidence where none currently exists.

Additionally, through its Technology Assessment Report (TAR) call-off contract, the HTA Programme is
able to commission bespoke reports, principally for NICE, but also for other policy customers, such as a
National Clinical Director. TARs bring together evidence on key aspects of the use of specific
technologies and usually have to be completed within a short time period.

Criteria for inclusion in the HTA monograph series
Reports are published in the HTA monograph series if (1) they have resulted from work commissioned
for the HTA Programme, and (2) they are of a sufficiently high scientific quality as assessed by the referees
and editors.

Reviews in Health Technology Assessment are termed ‘systematic’ when the account of the search,
appraisal and synthesis methods (to minimise biases and random errors) would, in theory, permit the
replication of the review by others.

The research reported in this monograph was commissioned by the HTA Programme as project number
99/45/01. The contractual start date was in March 2001. The draft report began editorial review in
February 2004 and was accepted for publication in February 2005. As the funder, by devising a
commissioning brief, the HTA Programme specified the research question and study design. The authors
have been wholly responsible for all data collection, analysis and interpretation, and for writing up their
work. The HTA editors and publisher have tried to ensure the accuracy of the authors’ report and would
like to thank the referees for their constructive comments on the draft document. However, they do not
accept liability for damages or losses arising from material published in this report.

The views expressed in this publication are those of the authors and not necessarily those of the 
HTA Programme or the Department of Health. 

Editor-in-Chief: Professor Tom Walley
Series Editors: Dr Peter Davidson, Dr Chris Hyde, Dr Ruairidh Milne, 

Dr Rob Riemsma and Dr Ken Stein
Managing Editors: Sally Bailey and Sarah Llewellyn Lloyd

ISSN 1366-5278

© Queen’s Printer and Controller of HMSO 2005

This monograph may be freely reproduced for the purposes of private research and study and may be included in professional journals provided
that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. 

Applications for commercial reproduction should be addressed to NCCHTA, Mailpoint 728, Boldrewood, University of Southampton, 
Southampton, SO16 7PX, UK.

Published by Gray Publishing, Tunbridge Wells, Kent, on behalf of NCCHTA.
Printed on acid-free paper in the UK by St Edmundsbury Press Ltd, Bury St Edmunds, Suffolk.




