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Search strategy for outcomes

Concept |: congenital heart
defects (80,477 hits)

o0 o —
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39.
40.
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exp Heart Defects, Congenital/
(congenital$ adj3 cardi$).ti,ab,kw.
(congenital adj3 heart$).ti,ab,kw.
coarct$.ti,ab,kw.

(double adj outlet adj right adj
ventricle).ti,ab,kw.

DORV.ti,ab,kw.

(double adj outlet adj2 ventricle).ti,ab,kw.
(endocardial adj cushion adj defect).ti,ab,kw.
(hypoplastic adj left adj heart).ti,ab,kw.
HLHS$.ti,ab,kw.

. Norwood.ti,ab,kw.
. Fontan.ti,ab,kw.
. (interrupt$ adj3 aort$ adj arch).ti,ab,kw.

IAA ti,ab,kw.

. LVOTS$.ti,ab,kw.
. (left adj ventric$ adj outflow adj2

obstruct$).ti,ab,kw.

. (mitral adj atresia).ti,ab,kw.
. (aort$ adj atresia).ti,ab,kw.

(mitral adj stenosis).ti,ab,kw.

. (aortic adj stenosis).ti,ab,kw.

. PVOD.ti,ab,kw.

. (Eisenmenger$ adj syndrome).ti,ab,kw.

. TGA.ti,ab,kw.

. (transposition adj3 great adj arter$).ti,ab,kw.
. (switch adj operation).ti,ab,kw.

. (switch adj surg$).ti,ab,kw.

. senning.ti,ab,kw.

. (univentric$ adj heart).ti,ab,kw.

Mustard adj surg$).ti,ab,kw.
Mustard adj operat$).ti,ab,kw.
Mustard adj procedure$).ti,ab,kw.
switch adj procedure$).ti,ab,kw.

PR

. Rastelli.ti,ab,kw.

. (single adj ventric$).ti,ab,kw.

. UVH.ti,ab,kw.

. (anomalous adj pulmonary adj2

drainage).ti,ab,kw.

. (anomalous adj pulmonary adj venous adj

return).ti,ab,kw.

(anomalous adj pulmonary adj venous adj
connection).ti,ab,kw

TAPVD.ti,ab,kw.

TAPVR.ti,ab,kw.

41. TAPVC.ti,ab,kw

42. PAPVD.ti,ab,kw.

43. PAPVR.ti,ab,kw.

44. (ventricular adj septal adj defect).ti,ab,kw.
45. VSD.ti,ab,kw.

46. (atrioventricular adj septal adj defect).ti,ab,kw.
47. AVSD.ti,ab,kw.

48. (pulmonary adj2 atresia).ti,ab,kw.

49. (pulmonary adj2 stenosis).ti,ab,kw.

50. (tricuspid adj2 stenosis).ti,ab,kw.

51. (pulmonary adj2 atresia).ti,ab,kw.

Concept 2a: long-term mortality
and morbidity outcomes
(593,483 hits)

(natural adj history).ti,ab,kw.

(adult adj congenital adj heart).ti,ab,kw.
death.ti,ab,kw.

surviv$.ti,ab,kw.

(long-term adj surviv$).ti,ab,kw.
mortality.ti,ab,kw.

ot Ot

ot Ot

ot
NSOk oM

()4

AND

58. (long-term.ti,ab,kw. OR follow-up.ti,ab,kw.)

Concept 2b: full mortality and

morbidity outcomes
(1,292,653 hits)

52. (natural adj history).ti,ab,kw.
53. (adult adj congenital adj heart).ti,ab,kw.
54. death.ti,ab,kw.

55. surviv$.ti,ab,kw.

56. (long-term adj surviv$).ti,ab,kw.
57. mortality.ti,ab,kw.

58. morbidity.ti,ab,kw.

59. follow-up$.ti,ab,kw.

60. exercise.ti,ab,kw.

61. neuro$.ti,ab,kw.

62. (cardiac adj function).ti,ab,kw.
63. cogniti§.ti,ab,kw.

64. (actuarial adj survival).ti,ab,kw
65. (long-term adj survival).ti,ab,kw
66. NYHA.t1,ab,kw.
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Concept 3: screening
(208,309 hits)

67. exp Mass Screening/ all subheadings
68. screen$.ti,ab,kw

Limits applied

Children and younger adults: limit to (infant <1 to
23 months> or preschool child <2 to 5 years> or
child <6 to 12 years> or adolescent <13 to 18
years> or adult <19 to 44 years>)

Human: limit to human

Publication date: limit to 1988-2003

Papers with abstracts: limit to abstracts

Search I: long-term outcomes

Concept 1 AND Concept 2a with limits:
2143 abstracts

Actuarial survival

[Search 1] AND (actuarial survival).ab
Exercise capacity

[Search 1] AND (exercise$.ab,ti,kw. OR
NYHA.ab,ti,kw)

Neurological outcomes

[Search 1] AND neuro$.ti,ab,kw

Search 2: outcomes after
screening

Concept 1 AND Concept 2b AND Concept 3 with
limits: 167 abstracts [0 eligible]

(an extended version of the outcomes concept was used to
widen the search)
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Literature table for childhood outcomes
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Appendix 3

Actuarial survival and causes of death for
different malformations

Malformation

TGA

AS

TAPVC

Actuarial survival

78-90% 5 years® 4384545548249
65-67% 15 years'2””

90% 1015 years'22:438:455461,466.472.494
84% 18 years*®
82% 20 years***
80% 20 years>®
75% 25 years'?
49% 30 years’’
Worse if:

Mustard operation'?
78% 3 years*!:482
64% 10 years*’24%

67% 20 years''®

3

76% 3 years?’

95-98% 5 years*®8.504
73% 10 years*®

90% 10 yearsIZ,I24.429,446
90% 15 years??743
85-87% 20 years'242%
Worse if:

Critical AS

70-80% 10 years*®®
37% 15 years'?

23% 5 years (operated)**?

42% 10 years (operated)*®

73% 10 years*?

70% 15 years'?

84% |5 years'26:205

Worse if:

Obstructed TAPVC, associated cardiac
lesions, preoperative collapse

Main complications and
causes of death

Sudden cardiac death®9%73

Congestive heart failure®?
Reoperation
PVOD

Sudden cardiac death®°%73
Infective endocarditis’®%% 02

Reoperation in 20%°°

Congestive heart failure

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

Comments

Studies vary in the severity of
cases included. Only a few
studies report the proportion
of critical (severe) cases. This
difference in case mix
between studies is likely to
give rise to the wide
variation in survival rates

Studies vary in the severity of
cases included. A few studies
report the proportion of
obstructed (severe) cases.
This difference in case mix
between studies is likely to
give rise to the wide
variation in survival rates

continued
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Malformation

HLH

MA (MA is often
classified as a
univentricular
heart, complex
heart defect or
severe HLH)

COA

PA/IVS and PA/VSD

VSD

Actuarial survival

33-59% | year*"’

58% survival to school age
0% 15 years'?

40% |5 years’84*

Worse if:
Unoperated (60 days)**®

178,179,433

32% 15 years'?

45% 15 years (for all univentricular
hearts)”’

90% 5 years2! 44
90-1009% 10 years!03 437 459 479,487
86% 15 years'?

92% 15 years”’

58% 27 years®®

40-60% 5-10 years (complex)?' 487

Worse if:
COA presenting in newborn

89% 8 years*”’
85% 12 years*'

PA/IVS:
75% | year*?

77% 8 years' 44473480
31% 15 years'?
PA/VSD:

80% 3 years*®*

48% 15 years'?

64% 15 years'?
83% |5 years’’
94% 20 years*®

Main complications and
causes of death

Sudden cardiac death®°9%%3

Reoperation for recurrent
COA in 14-54%'%

Systemic hypertension in
17-27% 135,140,490

Sudden cardiac death89%3

Sudden cardiac death®9%%3

Reoperation

PVOD
Infective endocarditis®® 02450

Valve lesions occur if
unoperated*’8

Comments

Other studies agree with
survival 40-60% after
operation! 92179128

Few long-term studies as
‘new’ operation;

Antenatal diagnosis affects
choice of palliative care and
termination?2

Severity is dependent on
associated cardiac defects

40-67% spontaneous

closure by years of
age*50:467:4%9

19-25% require surgical
closure by 5 years of
age 67499

22% require follow-up after
5 years of age*’

20% close during
adolescence (up to 19 years
of age)*’’

continued
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Malformation

TOF

Atrioventricular
septal defect
(AVSD)

ASD

UVH

Truncus arteriosus

Congenitally
corrected TGA

Miscellaneous and
rare defects

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

Actuarial survival

97% 3 years*®°

92% 5 years*®!

86% 6 years*?

85-97% 10 years70,l49,206.476,495
84% 15 years'?

98% 15 years*®
94-98% 20 years'>*438
91% 20 years*?

86% 20 years'>?

75% 20 years*%
86-89% 30 year?20226228

88% 3 years*®¢

78-91% 10 years 159,160,208,474,500
86% 15 years*®

54-72% 15 years'?

65% 20 years*®®

Worse if:

Down's syndrome'®'+48>

98% 10 years*’®
84% 15 years'?
74% 30 years*’"
94% 45 years’’

Worse if:

Older age at repair (>25 years)*’*

77-87% | year (complex UVH)*3:506
81% 3 years*s3

38% 5 years (includes operated and
unoperated)**°

66% 5 years (operated)>%
46-49% 10 years*9-50

45% 15 years’’

80-90% < | year**>0!
92% | year®
31% 15 years'?

83% 10 years*®
96% 15 years'?

Double outlet right ventricle*3%:465

Subaortic stenosis*”
Congenital mitral valve defects

Complex heart
defects204431,432,441,448,470,483,492

428,462,496

Main complications and
causes of death

Sudden cardiac
death86:92.93.156,457

Reoperation'>4457:476

Congestive heart failure?'®

PVOD2|6,436

Atrioventricular valve
incompetency (10-15%)

Congestive heart failure®®
PVOD
Atrial arrhythmias®

Congestive heart failure

Sudden cardiac death®°9%%3

Comments

Down’s syndrome is
associated with 30% of
AVSD

Unoperated life expectancy
of 50 years®®

Actuarial survival rates vary
between series depending on
case mix and type of defect

This is 2 mixed group for
which overall survival rates
cannot be given
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Appendix 4

Screening classification for congenital heart defects
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Appendix 5

Proportion of each diagnostic group with
a confirmed diagnosis by age at diagnosis during
the first year of life

TAPVC appears in the graphs for Groups D and E as it cannot be attributed to a single group using the

Northern Region diagnostic categories.

Age at diagnosis (weeks)
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Appendix 5

Percentage of cases diagnosed

Group E
100
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50
A TAPVC
25 B Truncus
0 T T T 1
13 26 39 52

Age at diagnosis (weeks)
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100

75

50

25 9if

\E
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B ASD

C Partial atrioventricular
septal defect

D VSD

E PDA

T
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Appendix 6

Prevalence of congenital heart defects by group in
the screening classification
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Appendix 7

Search strategy and abstract review for
prevalence and probability parameters

Search strategy

Search strategy using Ovid MEDLINE to
determine the prevalence of congenital heart
defects and the probability values within the
decision model.

Concept |: congenital heart defects
(total references = 147,679)
1. Explode “CARDIOVASCULAR
ABNORMALITIES” /all subheadings
2. Explode “HEART DEFECTS,
CONGENITAL/all subheadings

3. Explode “HEART VALVE DISEASES” /all

subheadings

4. (congenital$ adj3 cardi$).ti,ab,kw.

5. (congenital adj3 heart$).ti,ab,kw.

6. coarct$.ti,ab,kw.

7. (double adj outlet adj right adj

ventricle).ti,ab,kw.

8. DORV.ti,ab,kw.

9. (double adj outlet adj2 ventricle).ti,ab,kw.
10. (endocardial adj cushion adj defect).ti,ab,kw.
11. (hypoplastic adj left adj heart).ti,ab,kw.
12. HLH$.ti,ab,kw.

13. Norwood.ti,ab,kw.

14. Fontan.ti,ab,kw.

15. (interrupt$ adj3 aort$ adj arch).ti,ab,kw.

16. TAA.ti,ab,kw.

17. IVOTS$.ti,ab,kw.

18. (left adj ventric$ adj outflow adj2
obstruct$).ti,ab,kw.

19. (mitral adj atresia).ti,ab,kw.

20. (aort$ adj atresia).ti,ab,kw.

21. (mitral adj stenosis).ti,ab,kw.

22. (aortic adj stenosis).ti,ab,kw.

23. PVOD.ti,ab,kw.

24. (Eisenmenger$ adj syndrome).ti,ab,kw.

25. TGA.ti,ab,kw.

26. (transposition adj3 great adj arter$).ti,ab,kw.

27. (switch adj operation).ti,ab,kw.

28. (switch adj surg$).ti,ab,kw.

29. (switch adj procedure$).ti,ab,kw.

30. senning.ti,ab,kw.

31. (univentric$ adj heart).ti,ab,kw.

32. UVH.ti,ab,kw.

33. (single adj ventric$).ti,ab,kw.

34. (Mustard adj surg$).ti,ab,kw.

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

35.
36.
37.
38.

39.

40.
41.
42.
43.
44.
45.
46.
47.
48.

49.
50.
51.
52.
53.

(Mustard adj operat$).ti,ab,kw.

(Mustard adj procedure$).ti,ab,kw.
Rastelli.ti,ab,kw.

(anomalous adj pulmonary adj2
drainage).ti,ab,kw.

(anomalous adj pulmonary adj venous adj
return).ti,ab,kw.

TAPVD.ti,ab,kw.

TAPVR.ti,ab,kw.

PAPVD.ti,ab,kw.

PAPVR .ti,ab,kw.

(ventricular adj septal adj defect).ti,ab,kw.
VSD.ti,ab,kw.

(atrioventricular adj septal adj defect).ti,ab,kw.
AVSD.ti,ab,kw.

Explode "CONGENITAL, HEREDITARY,
AND NEONATAL DISEASES AND
ABNORMALITIES” /all subheadings
cardi$.ti,ab,kw.

heart$.ti,ab,kw.

49 or 50

48 and 51
lor2or3or4or5or6or7or8or9orlld
orllorl2orl3orl4orl5orl6orl7orl8
or 19 or 20 or 21 or 22 or 23 or 24 or 25 or
26 or 27 or 28 or 29 or 30 or 31 or 32 or 33
or 34 or 35 or 36 or 37 or 38 or 39 or 40 or
41 or 42 or 43 or 44 or 45 or 46 or 47 or 52

Concept 2: age group (total references

A A

(&3¢

S Ot

(@)1
SN

[&2¢
CLOPXPITS

1,278,534
. “CHILD’/all subheadings
Explode “INFANT, NEWBORN,
DISEASES”/all subheadings
child$.ti,ab,kw.
neonat$.ti,ab,kw.
infan$.ti,ab,kw.
newborn$.ti,ab, kw.
54 or 55 or 56 or 57 or 58 or 59

Concept 3: screening and diagnostic
accuracy (total references = 802,445)

61

62.

63.

. Explode “SENSITIVITY AND
SPECIFICITY”/all subheadings
Explode “MASS SCREENING”/ all
subheadings

Explode “PREDICTIVE VALUE OF
TESTS”/all subheadings
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64. Explode “ROC Curve”/all subheadings

65. Explode “MORBIDITY”/all subheadings

66. specificit$.ti,ab,kw.

67. (false adj negative).ti,ab,kw.

68. accuracy.ti,ab,kw.

69. screening.ti,ab,kw.

70. sensitivit$.ti,ab,kw.

71. (predictive adj value).ti,ab,kw.

72. (likelihood adj ratio).ti,ab,kw.

73. (false adj positive).ti,ab,kw.

74. reproducibility.ti,ab,kw.

75. (logistic adj regression).ti,ab,kw.

76. 61 or 62 or 63 or 64 or 65 or 66 or 67 or 68
or 69 or 70 or 71 or 72 or 73 or 74 or 75

Concept 4: diagnostic tests for newborn
screening (total references = 7165)
7'7. auscultat$.ti,ab,kw.

78. (newborn adj exam$).ti,ab,kw.

79. (clinical adj exam$).ti,ab,kw.

80. (neonatal adj exam$).ti,ab,kw.

81. (cardiac adjb murmur$).ti,ab,kw.

82. (heart$ adj5 murmur$).ti,ab,kw.

83. 77 or 78 or 79 or 80 or 81 or 82

84. 76 and 83

85. (pulse adj oximet$).ti,ab,kw.

86. (neonatal adj echo$).ti,ab,kw.

87. 84 or 85 or 86

Combine all concepts (total references
= 167)
88. 53 and 60 and 76 and 87

Remove papers without abstracts
(remove 4 papers)
89. limit 88 to abstracts

Remove papers with antenatal
screening only (remove |14 papers)
90. limit 89 to all child <0 to 18 years>

Outcome of abstract review

Outcome of abstract review of papers identified
using Ovid MEDLINE to determine the
prevalence of congenital heart defects and the
probability values within the decision model.

The 20 papers where there was disagreement on
eligibility were reviewed again jointly and a joint
decision made to include a further five papers in
the data extraction process. The inclusion of 34
papers was then reviewed and agreed by the
third reviewer (CB). Two of three reviewers
extracted data from each paper to value the
model inputs.

TABLE 34 Papers deemed eligible for inclusion dfter the initial abstract review?

Reviewer 2
Reviewer | Eligible Not eligible Background® Total
Eligible 29 0 15 44
Not eligible | 191 39 231
Background 4 9 129 142
Total 34 200 183 417

9 Numbers in italics represent concordance between reviewers | and 2; numbers in bold represent disagreement on

eligibility (n = 20).

Some papers were also identified as providing useful background material, but no input data for the model.

TABLE 35 Papers deemed eligible for inclusion dfter the final abstract review?

Reviewer 2
Reviewer | Eligible Not eligible Background Total
Eligible 34 0 0 34
Not eligible 0 192 39 231
Background 0 9 143 152
Total 34 201 182 417

9 See Table 34.
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Prevalence figures
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TABLE 37 Prevalence figures from Eurocat surveillance data

Eurocat prevalence (1996-99) per 100,000 live-births

Down’s syndrome 106.2
Lethal trisomy 18 8.1
Lethal trisomy 13 54
Gastroschisis 29.3
Omphalocoele 12.5
Anorectal atresia 31.7
Tracheo-oesophageal atresia 21.1

Source: European Surveillance of Congenital Anomalies (Eurocat). Eurocat Surveillance
Data: Table B3, 1996—1999, UK. URL: http://www.eurocat.ulster.ac.uk/pubdata/tables.html. Accessed 2001.
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Appendix 9

Values and ranges of probabilities

Values and ranges of probabilities used in the base case and probabilistic

cost-effectiveness analysis by specific defect

TABLE 38 Transposition of the great arteries (TGA)

Probability depicted in Figure 25

Detection rate: clinical examination alone [B]

Detection rate: pulse oximetry with clinical
examination [B]

Detection rate: screening echocardiography with
clinical examination [B]

Probability of collapse before diagnosis given
negative screening test or no screening [C]

Probability of collapse given positive screen and
no diagnostic echocardiography [D]

Probability of death before diagnosis given
negative screening test or no screening [E]

Probability of diagnosis without collapse given
negative screen or no screening [F]

Probability of death given collapse after positive
screen [G]

Base-case
value

0.389
0.950

0.900

0.200

0.125

0.020

1.0

0.005

Range of
subjective
probabilities®

N/A
0.900-1

0.850-0.950
0.150-0.250
0.085-0.165
0.010-0.030

N/A

0.003-0.007

Probability
distribution

Beta (7.0, 11.0)
Beta (17.1, 0.9)

Beta (31.5, 3.5)

Beta (12.6, 50.4)

Beta (8.4, 58.9)

Beta (3.9, 191.1)

No distribution
assigned as always
diagnosed in

first year

Beta (6.2, 1236.5)

9 The range of subjective probabilities are only relevant where data were derived from expert opinion.
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Source

Ref. 6
Expert

Expert

Expert

Expert

Expert

Ref. 6

Expert
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TABLE 39 Aortic stenosis (AS)

Probability depicted in Figure 25

Detection rate: clinical examination alone [B]

Detection rate: pulse oximetry with clinical
examination [B]

Detection rate: screening echocardiography with
clinical examination [B]

Probability of collapse given negative screening test or
no screening [C]

Probability of collapse given positive screen and

no diagnostic echocardiography [D]

Probability of death given negative screening test or
no screening [E]

Probability of diagnosis without collapse given
negative screen or no screening [F]

Probability of death given collapse after positive
screen [G]

Base-case
value

0.544
0.596

0.821

0.050

0.100

0.020

0.653

0.020

Range of
subjective
probabilities

a

N/A
N/A

0.750-0.890
0.030-0.070
0.050-0.150
0.005-0.035
N/A

0.005-0.035

Probability
distribution

Beta (31.0, 26.0)
Beta (34.0, 23.0)

Beta (23.9, 5.2)
Beta (5.9, 111.9)
Beta (3.5, 31.5)
Beta (1.7, 84.4)
Beta (22.0, 11.7)

Beta (1.7, 84.4)

9 The range of subjective probabilities are only relevant where data were derived from expert opinion.

TABLE 40 Total anomalous pulmonary venous connection (TAPVC)

Probability depicted in Figure 25

Detection rate: clinical examination alone [B]
Detection rate: pulse oximetry with clinical
examination [B]

Detection rate: screening echocardiography with
clinical examination [B]

Probability of collapse given negative screening test or
no screening [C]

Probability of collapse given positive screen and

no diagnostic echocardiography [D]

Probability of death given negative screening test or
no screening [E]

Probability of diagnosis without collapse given
negative screen or no screening [F]

Probability of death given collapse after positive
screen [G]

Base-case
value

0.035
0.950

0.600

0.050

0.100

0.050

0.944

0.050

Range of
subjective
probabilities

a

N/A
0.900-1

0.400-0.800
0.030-0.070
0.050-0.150
0.030-0.070
N/A

0.030-0.070

Probability
distribution

Beta (5.2, 143.9)
Beta (17.1, 0.9)

Beta (3.0, 2.0)
Beta (5.9, 111.9)

Beta (3.5, 31.5)

Beta (5.9, 111.9)
Beta (9.0,0.5)
Beta (5.9, 111.9)

9 The range of subjective probabilities are only relevant where data were derived from expert opinion.

Source

Ref. 6
Expert

Expert
Expert
Expert
Expert
Ref. 6

Expert

Source

Ref. 6
Expert

Expert
Expert
Expert
Expert
Ref. 6

Expert
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TABLE 41 Hypoplastic left heart/mitral atresia (HLH/MA)

Probability depicted in Figure 25

Detection rate: clinical examination alone [B]

Detection rate: pulse oximetry with clinical
examination [B]

Detection rate: screening echocardiography with
clinical examination [B]

Probability of collapse given negative screening test or
no screening [C]

Probability of collapse given positive screen and
no diagnostic echocardiography [D]

Probability of death given negative screening test or
no screening [E]

Probability of diagnosis without collapse given
negative screen or no screening [F]

Probability of death given collapse after positive
screen [G]

Base-case
value

0.375
0.950

0.990

0.900

0.350

0.125

1.0

0.020

9 The range of subjective probabilities are only relevant where data were derived from expert opinion.

TABLE 42 Coarctation of aortal/interruption of aortic arch (COA/IAA)

Probability depicted in Figure 25

Detection rate: clinical examination alone [B]
Detection rate: pulse oximetry with clinical
examination [B]

Detection rate: screening echocardiography with
clinical examination [B]

Probability of collapse given negative screening test or
no screening [C]

Probability of collapse given positive screen and

no diagnostic echocardiography [D]

Probability of death given negative screening test or
no screening [E]

Probability of diagnosis without collapse given
negative screen or no screening [F]

Probability of death given collapse after positive
screen [G]

Base-case
value

0.221
0.600

0.600

0.150

0.150

0.050

0.806

0.005

Range of Probability Source
subjective distribution

probabilities®

N/A Beta (6.0, 10.0) Ref. 6
0.900-1 Beta (17.1, 0.9) Expert
0.980-1 Beta (97.0, 1.0) Expert
0.800-1 Beta (7.2, 0.8) Expert
0.300-0.400 Beta (31.5, 58.5) Expert
0.050-0.020 Beta (2.3, 16.1) Expert
N/A - Ref. 6
0.010-0.030 Beta (3.9, 191.1) Expert
Range of Probability Source
subjective distribution

probabilities®

N/A Beta (21.0, 74.0) Ref. 6
0.300-0.900 Beta (1.0, 0.7) Expert
0.400-0.800 Beta (3.0, 2.0) Expert
0.100-0.200 Beta (7.5, 42.5) Expert
0.100-0.200 Beta (7.5, 42.5) Expert
0.030-0.070 Beta (5.9, 111.9) Expert
N/A Beta (44.0,10.6) Ref. 6
0.003-0.007 Beta (6.2, 1236.5)  Expert

9 The range of subjective probabilities are only relevant where data were derived from expert opinion.
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TABLE 43 Pulmonary atresia (PA)

Probability depicted in Figure 25

Detection rate: clinical examination alone [B]

Detection rate: pulse oximetry with clinical
examination [B]

Detection rate: screening echocardiography with
clinical examination [B]

Probability of collapse given negative screening test or
no screening [C]

Probability of collapse given positive screen and
no diagnostic echocardiography [D]

Probability of death given negative screening test or
no screening [E]

Probability of diagnosis without collapse given
negative screen or no screening [F]

Probability of death given collapse after positive
screen [G]

Base-case
value

0.469
0.940

0.900

0.500

0.075

0.125

1.0

0.015

Range of
subjective
probabilities?

N/A
0.900-0.980

0.850-0.950
0.400-0.800
0.050-0.100
0.100-0.150
N/A

0.010-0.020

Probability
distribution

Beta (15.0, 17.0)
Beta (32.2, 2.1)

Beta (31.5, 3.5)
Beta (12.0, 12.0)
Beta (8.3, 101.8)

Beta (21.8, 152.3)

Beta (8.9, 581.2)

9 The range of subjective probabilities are only relevant where data were derived from expert opinion.

TABLE 44 Ventricular septal defect (VSD)

Probability depicted in Figure 25

Detection rate: clinical examination alone [B]
Detection rate: pulse oximetry with clinical
examination [B]

Detection rate: screening echocardiography with
clinical examination [B]

Probability of collapse given negative screening test or
no screening [C]

Probability of collapse given positive screen and

no diagnostic echocardiography [D]

Probability of death given negative screening test or
no screening [E]

Probability of diagnosis without collapse given
negative screen or no screening [F]

Probability of death given collapse after positive
screen [G]

Base-case
value

0.493
0.714

0.950

0.005

0.005

0.005

0.783

0.005

Range of
subjective
probabilities”

N/A
N/A

0.850-0.950
0-0.010
0-0.010
0-0.010
N/A

0-0.010

Probability
distribution

Beta (237.0, 244.0)
Beta (15.0, 6.0)

Beta (17.1, 0.9)
Beta (1.0, 197.0)
Beta (1.0, 197.0)
Beta (1.0, 197.0)
Beta (197.0, 54.7)

Beta (1.0, 197.0)

9 The range of subjective probabilities are only relevant where data were derived from expert opinion.

Source

Ref. 6
Expert

Expert
Expert
Expert
Expert
Ref. 6

Expert

Source

Ref. 6
Ref. 253

Expert
Expert
Expert
Expert
Ref. 6

Expert
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TABLE 45 Other clinically significant non-life-threatening defects

Probability depicted in Figure 25

Detection rate: clinical examination alone [B]

Detection rate: pulse oximetry with clinical
examination [B]

Detection rate: screening echocardiography with
clinical examination [B]

Probability of collapse given negative screening test or
no screening [C]

Probability of collapse given positive screen and

no diagnostic echocardiography [D]

Probability of death given negative screening test or
no screening [E]

Probability of diagnosis without collapse given
negative screen or no screening [F]

Probability of death given collapse after positive
screen [G]

Base-case Range of Probability Source
value subjective distribution

probabilities®
0.465 N/A Beta (174.0, 200.0) Ref. 6
0.667 N/A Beta (8.0, 4.0) Ref. 253
0.900 0.85-0.95 Beta (31.5, 3.5) Expert
0.005 0-0.010 Beta (1.0, 197.0) Expert
0.005 0-0.010 Beta (1.0, 197.0) Expert
0.005 0-0.010 Beta (1.0, 197.0) Expert
0.679 N/A Beta (215.0, 101.7) Ref. 6
0.005 0-0.010 Beta (1.0, 197.0) Expert

9 The range of subjective probabilities are only relevant where data were derived from expert opinion.

Probability distributions used in

the base case

Table 46 summarises the choice of probability
distributions for different types of model
parameters.

The pathway probabilities were assigned beta

distributions. The rationale is given in Table 46.

Where the data are binomial and r is the total

TABLE 46 The choice of probability distribution for model

Parameter type Distribution
type

Pathway probabilities Beta

Prevalence data Dirichlet

Staff time to perform Gamma

screening test and diagnostic

echocardiography

Unit costs, e.g. equipment for Uniform

screening, management of collapsed
infants, ambulance transport,
post-mortem examination of
collapsed infants

number of events (e.g. the number of affected
infants with a positive test result) and the total
sample size is n (e.g. number of affected infants
who are screened) then the parameters for the
beta distribution («, B) are simply a = r and
B=n-r.

Where probability ranges were elicited by expert
opinion we used the method described by
Spiegelhalter and colleagues to derive the

parameters

Rationale

Beta distributions are bounded by 0 and |. The distribution’s
parameters (o, ) represent the number of two possible
complementary events such as success/failure, positive/negative test
result, collapse/no collapse or life/death?’4%"7

Generalisation of the beta distribution to more than two categories®”’

Gamma distributions are bounded by zero and approximate the
normal distribution for large samples.’® They are often used to
model the time to complete a task rather than normal distributions
because of the non-negligible probability that the latter could take
values <0 for smaller samples®®’->0?

With little information on the unit cost distribution, the uniform
distribution reflects an equal chance of the unit cost estimated falling
within the specified range.>*
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parameters (a, B) for the beta distribution such
that & + B8 = n for all probability ranges
elicited.?” This method translates ranges into
implicit fractions of patients and a more precise
assessment of a range is reflected in a larger
implicit sample size. Assuming that the elicited
range reflects approximately the mean = W
standard deviations of a beta distribution («, ),
then it can be shown that

a+ B+ 1=g(l-g)Wh)?
and

ofla+ B)=g

where g is the midpoint of the interval and & is
half its range. For example, if the expert opinion
is that the probability falls between 80 and 90%,
then g = 85% and & = 5%. Assuming a value for
W, such as W = 1, both equations simultaneously
will give a and B. For more detail, see
Spiegelhalter and colleagues (1994)?" and for a
formal overview of different methods used to elicit
prior distributions see Spiegelhalter and
colleagues (2000).51°

The Dirichlet distribution was used to model
prevalence data. The Dirichlet distribution
generalises the beta distribution to more than two
categories and is the appropriate distribution to
model multinomial data, that is, data that occur
naturally across more than two categories.’®” For
example, newborn infants with congenital heart
disease can have one of several congenital heart
defects. Therefore, the total sample of newborn
babies with congenital heart defects is not split
between two categories, but between eight possible
categories (T'GA, AS, TAPVC, HLH/MA,
COA/IAA, PA, VSD and clinically non-significant
congenital heart defects). The overall probability

of having a congenital heart defect was modelled
using the beta distribution.

Where no information was available on the
variance of mean estimates (e.g. additional cases
with congenital heart disease occurring between
age 1 and 16 years), we assumed that the standard
error was half of the value of the mean. This
corresponds to a coefficient of variation of 0.5 and
represents large uncertainty in the estimation of
these data points.

For the cost estimates, staff time for the screening
tests and diagnostic echocardiography were
assigned gamma distributions. The rationale is
given in Table 46. The method of moments was
used to define the gamma distribution which only
requires that the mean and variance are known.
Values for the observed mean and variance were
expressed in terms of a and B8 and both equations
solved simultaneously:

o . o
mean = —; variance = F

In the absence of data on the variance of the time
taken to perform the pulse oximetry or
echocardiography, the coefficient of variation (i.e.
the standard deviation divided by the sample
mean) was assumed to be equivalent to that for
screening by clinical examination (0.28). The
coefficient of variation and data on the sample
mean was then used to derive the variance for
pulse oximetry and echocardiography.®’”

A uniform distribution was assigned to the unit
costs estimates. The rationale is given in Table 46.
The lower and upper values of the conceivable
range for the relevant unit cost (e.g. equipment
cost per screen) were used to define the
distribution.
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Appendix 10

Expected value of information analysis

he EVPI for the population of current and

future patient populations (here newborns)
over the effective lifetime of the technology (T
can be estimated from the EVPI, that is, the mean
opportunity cost associated with the wrong
decision, the number of newborns () in each time

period (¢) discounted at rate 7:276,285,289

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

T ¢
Population EVPI = EVPI x ¥, !
(=1(1 + 7Y

A more thorough explanation of this approach
and technical detail on how to calculate the EVPI
can be found in the HTA report by Chilcott and
colleagues.?®
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Appendix 12

Additional sensitivity analysis concerning the effect
of differing rates of antenatal detection on
newborn screening

Introduction

As described in the section ‘Antenatal diagnosis of
congenital heart defects’ (p. 69), our original
screening model took account of average antenatal
detection rates for congenital heart defects in the
UK, around 10% in the Northern Region and 25%
in a national study, and also doubled this to
determine the effect of a hypothetically more
effective antenatal screening programme overall in
the UK. Our conclusions about newborn screening
were therefore robust across a range of average
antenatal detection rates for the UK but did not
explicitly consider the scenario of a very high
antenatal detection rate. Following discussions
with the Antenatal and Child Health sub-groups of
the National Screening Committee at a workshop
on 23 January 2004, we undertook this further
analysis and calculated the outcomes, costs and
incremental cost-effectiveness ratios for the
primary and secondary outcome measures across a
wider range of antenatal detection rates from 0 to
100% (assumed to be constant across all congenital
heart defects). Newborn screening was assumed to
take place at 24 hours of age.

Primary outcome

As antenatal detection of cases, as a percentage of
the total number of cases of congenital heart
defects known to be present at birth, increases,
then the number of cases that can potentially be
detected through newborn screening is lower. In
addition, each of the three screening strategies will
have a different ability to detect cases amongst
those that remain undetected by birth.

Figure 40 compares the number of cases detected
by each newborn screening strategy, for a
population of 100,000 live births, as the antenatal
detection rate increases for the primary outcome
of the model: timely diagnosis of life-threatening
congenital heart defects. Clinical examination
detects only about half of the cases that pulse
oximetry and screening echocardiography can

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

detect and the latter two strategies are therefore
discussed here in more detail.

If the antenatal detection rate is 10%, then
newborn screening with pulse oximetry or
screening echocardiography would detect around
70 cases of congenital heart defects. If 80% of
cases are detected antenatally, then the number of
cases detected by newborn screening decreases to
around 15 per 100,000 live births. However, even
if antenatal detection succeeds in identifying 90%
of cases before birth, between 5 and 10 further
cases of life-threatening congenital heart defects
would be detected by newborn screening. This
suggests that until the percentage of cases
detected antenatally is above 90%, there are still a
significant number of additional cases of life-
threatening congenital heart defects that could be
detected through newborn screening.

The overall costs of the newborn screening
programme are only marginally reduced by an
increased antenatal detection rate because the
numbers of cases detected are so small (see
Figure 41).

However, the additional cost per additional timely
diagnosis made through newborn screening does
increase as the antenatal detection rate rises and
this can be shown by calculating the incremental
cost-effectiveness ratio (ICER).

The ICER for pulse oximetry, compared with the
baseline newborn screening strategy of clinical
examination alone, rises sharply if more than 70%
of cases are detected antenatally (Figure 31 in
Chapter 7). The ICER for each additional case
detected by pulse oximetry, once an antenatal
detection rate of 80% is reached, is ~£30,000, and
with an antenatal detection rate of 90% the ICER
is ~£50,000.

Similarly, for additional cases detected by
screening echocardiography, the cost per timely
diagnosis rises sharply after a 70% antenatal
detection rate is reached (Figure 32 in Chapter 7).
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FIGURE 40 Number of cases detected with timely diagnosis and antenatal detection rate (per 100,000 live births)
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FIGURE 41 Total programme costs and antenatal detection rate (per 100,000 live births)
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If willingness to pay for each additional timely
diagnosis is ~£10,000, then pulse oximetry ceases
to be cost-effective once the antenatal detection
rate for life-threatening congenital heart defects
rises above 60%, but if willingness to pay is
£50,000 then pulse oximetry is likely to be

cost-effective until antenatal detection is over 90%.

Screening echocardiography is unlikely to be
cost-effective if societal willingness to pay is below
£10,000,000 per timely diagnosis.

Secondary outcome

If the secondary outcome of the model, detection
of all clinically significant and life-threatening
congenital heart defects, is considered for a
population of 100,000 live births, then the number
of cases remaining to be detected by newborn
screening using pulse oximetry or screening
echocardiography is ~100 with an 80% antenatal
detection rate and 50 with a 90% antenatal
detection rate (Figure 42). Therefore, even with
high antenatal detection rates, the number of
cases of congenital heart defects that would still be
detected by newborn screening is significant.

The total programme costs for the newborn
screening programme still decrease very little with

increased antenatal detection when the secondary
outcome is used.

The cost of detecting additional cases of clinically
significant or life-threatening congenital heart
defects rises steeply after an antenatal detection
rate of 80-90% is reached. For pulse oximetry
compared with clinical examination alone, the
ICER rises from £10,000 to £30,000 per
additional case (Figure 43), and for screening
echocardiography compared to pulse oximetry,
the ICER rises from £200,000 to £700,000 per
additional case detected (Figure 44).

Summary

As antenatal detection of congenital heart defects
increases, the number of cases remaining to be
detected by newborn screening falls. However,
even with antenatal detection rates of 90% overall
in the UK, 10 cases of life-threatening congenital
heart defects and a further 40 cases of clinically
significant congenital heart defects (per 100,000
live births) could be detected by employing pulse
oximetry or screening echocardiography as
newborn screening strategies in addition to clinical
examination.
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FIGURE 42 Number of cases detected and antenatal detection rate: secondary outcome (per 100,000 live births)
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Incremental cost-effectiveness ratio (£)
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FIGURE 43 Incremental cost-effectiveness ratio for pulse oximetry (pulse oximetry relative to clinical examination alone) and
antenatal detection rate — secondary outcome
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FIGURE 44 Incremental cost-effectiveness ratio for screening echocardiography (screening echocardiography relative to pulse

250

oximetry) and antenatal detection rate — secondary outcome




Health Technology Assessment 2005; Vol. 9: No. 44

The cost of detecting additional cases of life-
threatening and clinically significant congenital
heart defects through newborn screening rises
more steeply once the antenatal detection rate
increases above 80%. The societal willingness to
pay per additional diagnosis made with newborn

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

screening will influence the thresholds used to
determine cost-effectiveness but pulse oximetry is
likely to be cost-effective, even with antenatal
detection rates of 80-90%, if societal willingness to
pay is £10,000 per timely diagnosis or additional
case detected.
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Appendix 13

Health state descriptions

Health state: pink

Has always eaten well

Development as a toddler has been as fast as other
children

Walks and runs as well as other children of the same
age

Rarely tired before end of the day

Sees and hears normally

Eats, baths, dresses and goes to toilet independently
Joins in as well as other children in the classroom
Learns normally for age

Speech and communication are normal for age
Generally happy and free from worry

Visits hospital regularly once or twice a year; takes
medication only very rarely

Health state: green

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

Eating has always been a struggle; needs extra feeds by
stomach tube

Development as a toddler has been much slower than
other children

Sits in a special chair; walks with help; uses buggy or
wheelchair if outdoors

Tires quite easily

Poor vision; hears normally

Needs help to eat, bath and dress and go to toilet; uses
nappies at night

Recognises carers and classmates

Learns very slowly; attends special school

Some words and some sign language; communicates
own needs with difficulty

Generally settled but also periods when angry or
frustrated; becomes anxious when breathless

Visits hospital regularly once or twice a year; takes
some courses of medication

Health state: orange

Has always eaten well

Development as a toddler has been slower than other
children

Walks and runs but a bit clumsy

Rarely tired before end of the day

Sees and hears normally

Eats, baths, dresses and goes to toilet independently but
with some difficulty; occasional bedwetting

Joins in with some difficulty in the classroom

Learns a little more slowly than normal for age; gets
special help at school

Speech can still be difficult to understand; usually
manages to communicate own needs

Generally happy but can be angry or upset and difficult
to handle

Visits hospital regularly twice a year; takes medication
only very rarely

Health state: purple

Eats well now but some problems as a younger child
Development as a toddler has been as fast as other
children

Walks normally but a bit breathless if runs

Tires more easily than other children

Sees and hears normally

Eats, baths, dresses and goes to toilet independently
Joins in as well as other children in the classroom
Learns normally for age

Speech and communication are normal for age
Generally happy but can get upset and worried; aware
of own limitations and can be anxious about own health
Visits hospital and doctor quite frequently; takes
medication every day
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Health state: turquoise

Eats well now but some problems as a younger child
Development as a toddler has been slower than other
children

Walks and runs but a bit clumsy and breathless

Tires more easily than other children of same age
Sees and hears normally

Eats, baths, dresses and goes to toilet independently
with some difficulty; occasional bedwetting

Joins in with some difficulty in the classroom

Learns more slowly than normal for age; gets special
help

Speech can still be difficult to understand; usually
manages to communicate own needs

Generally happy but can be angry or upset and difficult
to handle; can be anxious about own health

Visits hospital and doctor quite frequently; takes
medication every day

Health state: red

Eating is still a struggle; still has some mashed and
puréed food

Development as a toddler has been slower than other
children

Walks and runs but becomes quickly breathless; uses
buggy or wheelchair if outdoors

Often tired

Sees and hears normally

Eats, baths, dresses and goes to toilet independently
with some difficulty; occasional bedwetting

Joins in with some difficulty in the classroom

Learns more slowly than normal for age; gets special
help

Speech can still be difficult to understand; usually
manages to communicate own needs

Generally happy but can be angry or upset and difficult
to handle; can be anxious about own health

Frequent hospital visits; takes medication every day

Health state: yellow

Eating is still slow but more problems as a younger child
Development as a toddler has been slower than other
children

Walks but becomes breathless if runs; sometimes uses
buggy or wheelchair if outdoors

Often tired

Sees and hears normally

Eats, baths, dresses and goes to toilet independently
Joins in with other children in the classroom but limited
by physical effort

Learns normally for age considering school absences
due to health problems

Speech and communication are normal for age
Generally happy but can get upset and worried; often
anxious about own health

Visits hospital and doctor frequently; takes medication
every day

Health state: blue

Eating is still a struggle; needs extra feeds by stomach
tube

Development as a toddler has been slower than other
children

Sits in special chair; stands and walks with help; uses
buggy or wheelchair if outdoors

Often tired

Poor vision; hears normally

Needs help to eat, bath and dress and go to toilet; uses
nappies at night

Recognises carers and classmates

Learns very slowly; attends special school

Some words and some sign language; communicates
own needs with difficulty

Generally settled but also periods when angry or
frustrated; becomes anxious when breathless
Frequent hospital visits; takes medication every day
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Appendix 14

Search strategy for parent views

Search strategy using Ovid MEDLINE for

published literature relating to parents’ views of

newborn screening.

Concept A: Age at screening
(total references = 118,531)

1. neonatal$

newborn$

infan$

exp NEONATAL SCREENING/
INFANT, NEWBORN/

baby

@ Ot o 1o

Concept B: Population screening
(total references = 105,052)

1. screen$
2. check$
3. exp MASS SCREENING/

Concept C: Outcomes of
screening (total references =
430,234)

expectation$
satisfaction$
acceptab$
belief$
attitude$
emotion$
stress$

anxi$
behavio$

00 N0 =

L XIS

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

10. wellbeing

11. psycho$

12. social

13. counsel$

14. awareness

15. knowledge

16. exp COMMUNICATION/

17. exp FALSE POSITIVE REACTIONS/

18. exp FALSE NEGATIVE REACTIONS/

19. exp ANXIETY/

90. exp FAMILY RELATIONS/px [Psychology]
21. exp PHYSICIAN-PATIENT RELATIONS/
22. exp NURSE-PATIENT RELATIONS/

23. exp PARENT-CHILD RELATIONS/

Concept D: People affected
(total references = 73,403)

1. exp PARENTS/px [Psychology]
2. parent$
3. mother$
4. father$

Concept E: Cardiac-related
(total references = 196,019)

1. cardi$
2. heart$
3. congenital heart disease

Combining concepts A-D with AND yielded 529

references, and all abstracts were reviewed. Adding

concept E using AND yielded 26 references
specifically related to cardiac disease.
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Appendix 15

Literature tables of parents’ views of
newborn screening
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Questions asked within focus group

What made you want to come here today?

What experiences have you had of screening your
child for heart disease?

When you/your partners were pregnant did any of

you have a scan that detected heart disease in your
child?

What was good about getting a diagnosis/possible
diagnosis before your child’s birth/What was not
good, about getting this information in

pregnancy?

What other experiences have you had of screening
on your child for heart disease?

What kind of information did you receive before
the scan/test examination was carried out?

Additional questions:
Was the purpose/reason for the scan explained?

Was it explained how it would be carried out, type of
equipment used, etc.?

Were you given information about what would
happen when the scan was completed?

Who carried out the scan?

Were you asked for your consent for this procedure?
What was the best thing about having this
scan/test/examination and what was the worst
thing about having this test?

Additional questions:

What were the good things about the way the scan/test

was carried out?

Could you view the screen?

Was the procedure explained to you as it was being
carried out?

Did you feel able to ask questions?

Did the person carrying out the scan/test make
you feel at ease?

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

If you had a magic wand and could describe how
screening could be provided in the future, what
things would you like to see provided? How would
they differ from existing services?

Now getting back to the screening you experienced

Did you get a clear explanation of the scan/test
results?

Additional questions:
Did you feel an equal pariner in your child’s care
when information was given to you about the scan?

If the scan/test needed repeating: did you feel the
reasons for this were explained fully to you? Did you
feel you got the results quickly enough?

If the scan/test identified areas of concern, did you feel
listened to, were your views/concerns valued?

Did you feel you were given enough information
about living with a child with this heart condition?

Additional questions:

Did you feel well enough informed to share in the
decision making process? Were you given enough
information about his/her future care?

What impact did those experiences have on you and
your family?

How could the negative effects of screening be
improved?

Scenarios Minutes allowed (10)

(The following scenarios were distributed and
discussed within the group.)

1. (False-negative) James is sent home after
normal check up but becomes unwell at home
and needs to be rushed back to hospital.

Additional questions:
If you were a parent in this situation how do think
Yyou would feel?

What would you like to see improved in this child’s
care?
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2. (False-negative antenatal test) Donna has
routine scans during her pregnancy; these are
normal. But after Alfie is born he develops
breathing difficulties and feeding problems
whilst still in hospital.

Additional questions:
What would you like to see improved in this child’s
care?

How would you feel if this happened to you?
Has it changed your opinion of antenatal scans?

3. Ferdushi was born in hospital by normal
delivery. A few hours after delivery she is
examined by the doctor, who is concerned
that Ferdushi is not well. The doctor feels
that there may be a problem with her heart.
She is examined by a more senior doctor and
is observed on the ward. Ferdushi is sent
home and asked to return four days later for a
scan (echo). The echo shows everything to be
normal, no further investigations are needed.

Additional questions:
If this happened to you/your child, how would you
feel?

Would you feel reassured or would you want to see
changes in screening?

Final question

How acceptable do you feel it is to ask all parents
of newborn infants to return to hospital (within 7
days) for a heart scan (echocardiogram)?

Additional question:

Do you think it would be more beneficial or more
harmful to do this given a higher level of false
results?

I would like to thank you for coming here today.
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The National Screening Committee Criteria

The criteria for appraising the
viability, effectiveness and
appropriateness of a screening
programme

The condition
1.1. The condition should be an important health
problem.

a. Congenital heart defects affect 7-8 per 1000 live-
born infants, three-quarters of whom will be
diagnosed by 1 year of age.

b. This prevalence estimate increases at least 10-fold
if small muscular ventricular septal defects and
other functionally unimportant anatomical
abnormalities, detectable largely only by
echocardiography, are included.

c. Overall 18-25% of affected infants die in the first
year of life, with a further 4% of those surviving
infancy dying by 16 years of age. Congenital heart
defects account for 3% of all infant deaths. Not
all congenital heart defects may be diagnosed
before or at death.

d. Specific defects with a high first-year mortality
include hypoplastic left heart, interrupted aortic
arch, transposition of the great arteries, total
anomalous pulmonary venous connection, aortic
stenosis and pulmonary atresia. Although
indvvidually rarve, taken together these defects
contribute significantly to death in infancy from
congenital heart defects.

1.2. The epidemiology and natural history of the
condition, including development from latent to
declared disease, should be adequately understood
and there should be a detectable risk factor, or
disease marker and a latent period or early
symptomatic stage.

a. The rationale for screening for congenital heart
defects lies in its potential to influence natural
history by early presymptomatic detection and
intervention.

b. Antenatal screening gives parents an opportunity
for information and counselling with options for a
planned delivery and intervention or termination
of pregnancy.

¢. Newborn screening allows the presymptomatic
identification of life-threatening congenital heart

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

defects. This may lead to better postoperative and
longer term outcomes.

d. Newborn screening also allows other clinically
important defects with later onset to be detected,
that are associated with heart failure in infancy or
pulmonary vascular disease in later life.

e. Congenital heart defects can be classified by
presymptomatic interval and natural history,
allowing identification of defects with the greatest
potential to benefit from newborn screening.

[ Life-threatening congenital heart defects are
structural cardiac malformations in which collapse
is likely and this group comprises: transposition of
the great arteries, coarctation/interrupted aortic
arch, aortic stenosts, pulmonary atresia and
hypoplastic left heart/mitral atresia.

g. Clinically significant congenital heart defects are
structural cardiac malformations which have effects
on heart function but collapse is unlikely or the
prevention of collapse is 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.

h. Clinically non-significant defects are anatomically
defined cardiac malformations which have no
Sfunctional clinical significance and include the
ventricular septal defects which ave only detectable
using echocardiography. These require no treatment.

1. From this we propose the detection of life-
threatening congenital heart defects with a view to
preventing death and avoiding preoperative
collapse as the primary objective of newborn
screening for congenital heart defects.

j. A secondary objective of newborn screening is the
detection of clinically significant congenital heart
defects.

1.3. All the cost-effective primary prevention
interventions should have been implemented as
far as practicable.

There are no primary preventive strategies available as yet.

The test
1.4. There should be a simple, safe, precise and
validated screening test.

The heterogeneity of congenital heart defects presents
particular problems for newborn screening as screening
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tests vary widely in their capacity to detect specific defects
and no test can detect all defects equally well.

There are three possible candidate tests for newborn
screening: clinical examination (current practice), pulse
oximetry and screening echocardiography. These are
described below.

Clinical examination

o Involves looking for cyanosis (blue colouring,
particularly of the lips and fingers) listening for
abnormal heart sounds or murmurs with a stethoscope
(auscultation) and feeling the pulses in the groin for
decreased or delayed blood flow.

o Usually carried out by a junior doctor responsible for
the routine examination of all newborn infants before
discharge from the maternity unit, although,
mcereasingly in some areas, midwives are taking on
this role. We defined a presumptive positive result in
this strategy as the finding of cyanosis or murmurs or
weak pulses in the groin.

Pulse oximetry

o Is a simple non-invasive method of monitoring the

percentage of haemoglobin which is saturated with

oxygen.

Consists of a probe attached to the infant’s finger; toe or

edge of the foot, which is in turn linked to a

computerised display of the percentage of haemoglobin

saturated with oxygen as well as the heart rate. Light
shines from the probe and is partly absorbed by
haemoglobin. This information can be used to calculate
the proportion of haemoglobin which is oxygenated.

This examination can be performed by a junior doctor

or midwife or other health professional.

The equipment required is portable and can be used

i the home as well as hospital.

Normal values for pulse oximetry are generally

assumed to be the same as those for arterial oxygen

saturation in the newborn. These values may be
mfluenced by altitude but in general levels below

95% are considered to be abnormal. The precision of

oximeter readings varies with the absolute value and

the readings are generally cited as 2% above 70%

and =4% below 70%. The accuracy and precision of

these monitors has been studied in a range of
populations, including newborn infants. Low
peripheral perfusion (blood flow to the skin and
limbs) or skin temperature, skin pigmentation and
movement may all interfere with precision or
mtroduce biased estimates of arterial saturation.

o Although pulse oximetry may identify babies with
congenital heart defects that result in cyanosis, it will
not identify defects that are only associated with
murmurs or delayed or absent pulses. So we assumed
that screening with pulse oximetry would be carried
out together with clinical examination.

o Finally, pulse oximetry may also identify babies who
are cyanosed for other (non-cardiac) reasons,
ncluding lung disease, and therefore a baby with a
positive screening lest vesult may require other
imvestigations. In principle, a hyperoxia test, which
monitors changes in the degree of cyanosis whilst
oxygen is being administered, can help distinguish
lung disease from cyanotic heart defects.

Screening echocardiography

o An echocardiogram is a scan of the heart using sound
waves. It allows the four chambers, large blood vessels
and the heart valves to be visualised while the heart is
beating. With Doppler technology, it can also be used
to assess the direction of blood flow.

o The examiner uses a small hand-held probe with gel
over the end and moves it gently over the chest to
locate the heart and examine its structures.
Visualisation of the main chambers of the heart by this
method is usually referred to as a four-chamber view,
while visualisation of the main artery leaving the
heart — the aorta — to rule out, for example,
coarctation of the aorta — is referred to as an outlet
view. The outlet view and views of the aortic arch can
be technically difficult to obtain. The examination
may also reveal developmental structural
abnormalities of the heart which are not considered
clinically important and which may not have been
recognised otherwise since they may not be associated
with murmurs or other clinical signs or symptoms.

e An echocardiogram may be used as a screening test
for congenital heart defects in newborn babies. Such
screening examinations are usually carried out by a
trained radiographer or echocardiographer. The
equipment is not portable. A clinical examination is
usually carried out as well.

1.5. The distribution of test values in the target
population should be known and a suitable cut-off
level defined and agreed.

This is only really relevant to pulse oximetry. Four
studies have reported use of pulse oximetry to screen
newborns for congenital heart defects. Three of these
have defined a value below 95% on initial reading as
an indication for further assessment. In one paper it
was specified that the reading be taken over 2 minutes
and the probe be clipped to the border of the foot. In
this study values in 5% of infants were initially low and
this persisted in only 1%. The suitability of this as a
cut-off is uncertain in velation to the false negative
rate.

1.6. The test should be acceptable to the
population.

All three strategies are acceptable.
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1.7. There should be an agreed policy on the
further diagnostic investigation of individuals with
a positive test result and on the choices available
to those individuals.

Abnormalities in clinical examination warrant an
echocardiogram and an expert cardiological opinion.

Abnormalities in pulse oximelry require further
assessment for congenital heart defects. It is unclear
whether the hyperoxia test can be used to determine
whether the underlying problem is likely to be cardiac or
non-cardiac in origin. An agreed policy is needed for
non-cardiac causes.

Abnormalities on screening echocardiogram include
the finding of small muscular ventricular septal defects
and other clinically unimportant structural
abnormalities.

The treatment

1.8. There should be an effective treatment or
intervention for patients identified through early
detection, with evidence of early treatment leading
to better outcomes than late treatment.

Almost without exception, the definitive surgical
intervention for specific congenital heart defects remains
the same wrrespective of how the diagnosis has been
made. However, earlier detection through newborn
screening might improve outcomes by allowing definitive
management to be commenced either before death or
before the acute onset of clinical deterioration
experienced by individuals with some types of congenital
heart defects. Prevention of preoperative collapse,
through the timely commencement of effective clinical
management, could improve both short-term outcomes
(mortality and length of stay in hospital) and longer
term outcomes (neurological status and educational
attainment).

1.9. There should be agreed evidence-based
policies covering which individuals should be
offered treatment and the appropriate treatment
to be offered.

See above.

1.10. Clinical management of the condition and
patient outcomes should be optimised by all
healthcare providers prior to participation in a
screening programme.

There is evidence that timely management is not
initiated i some infants with a positive screening result.
Protocols for management will need to be developed and
agreed.

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

The screening programme

1.11. There must be evidence from high-quality
randomised controlled trials that the screening
programme is effective in reducing mortality or
morbidity. Where screening is aimed solely at
providing information to allow the person being
screened to make an ‘informed choice’ (e.g.
Down’s syndrome, cystic fibrosis carrier screening),
there must be evidence from high-quality trials
that the test accurately measures risk. The
information that is provided about the test and its
outcome must be of value and readily understood
by the individual being screened.

There is one randomised controlled trial of screening
echocardiography compared with routine clinical
examination. Two further randomised controlled trials
report an evaluation of one versus two screening
examinations per household. With these exceptions,
evidence is from observational studies.

1.12. There should be evidence that the complete
screening programme (test, diagnostic procedures,
treatment/intervention) is clinically, socially and
ethically acceptable to health professionals and the
public.

The parent focus group suggests that parents support
screening and professional support is assumed. There is
an ethical consideration regarding the high rate of false-
positive screening results associated with screening
echocardiography and public and professional attitudes
to this require further exploration.

1.13. The benefit from the screening programme
should outweigh the physical and psychological
harm (caused by the test, diagnostic procedures
and treatment).

This depends on the screening test and benefits may not
be considered to outweigh harms for screening
echocardiography.

1.14. The opportunity cost of the screening
programme (including testing, diagnosis,
treatment, administration, training and quality
assurance) should be economically balanced in
relation to expenditure on medical care as a whole
(i.e. value for money).

The cost-effectiveness analysis suggests that the
incremental cost-effectiveness ratio for pulse oximetry is
within an acceptable range but that total programme
costs and incremental cost-effectiveness ratio for
screening echocardiography (in relation to timely
diagnoses of life-threatening congenital heart defects)
may not be.
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1.15. There must be a plan for managing and
monitoring the screening programme and an
agreed set of quality assurance standards.

This is lacking and needs to be established.

1.16. Adequate staffing and facilities for testing,
diagnosis, treatment and programme management
should be made available prior to the
commencement of the screening programme.

This needs to be explored in relation to paediatric
cardiologists, echocardiographers and midwives, who are
all in short supply. Telemedicine may provide an option
for assisted diagnosis in remote areas but expertise in
initial acute management is unlikely to be available at
the maternity unit and for some defects this suggests that
fetal diagnosis and planned delivery may be a more
optimal strategy than newborn screening.

1.17. All other options for managing the
condition should have been considered (e.g.
improving treatment, providing other services), to
ensure that no more cost-effective intervention
could be introduced or current interventions
increased within the resources available.

Services for children with congenital heart defects have
recently been reviewed by the Bristol Royal Infirmary
Inquiry and recommendations made to improve services.

1.18. Evidence-based information, explaining the
consequences of testing, investigation and
treatment, should be made available to potential
participants to assist them in making an informed
choice.

This is lacking and needs to be established.

1.19. Public pressure for widening the eligibility
criteria for reducing the screening interval, and
for increasing the sensitivity of the testing process,
should be anticipated. Decisions about these
parameters should be scientifically justifiable to
the public.

While professionals and parents are concerned to
improve current practice in screening and to maximise
effectiveness of antenatal screening, there is currently no
public pressure for any particular newborn screening
option. In the parent focus group parents expressed
concern that clinical examination was ‘old-fashioned’.






Feedback

The HTA Programme and the authors would like to know
your views about this report.

The Correspondence Page on the HTA website
(http://www.ncchta.org) is a convenient way to publish
your comments. If you prefer, you can send your comments
to the address below, telling us whether you would like
us to transfer them to the website.

We look forward to hearing from you.

The National Coordinating Centre for Health Technology Assessment,

Mailpoint 728, Boldrewood,

University of Southampton,

Southampton, SO16 7PX, UK.
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