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HEDS Discussion Paper 06/03

Disclaimer:

This is a Discussion Paper produced and published by the Health
Economicsand Decision Science (HEDS) Section at the School of
Health and RelatedResearch (ScHARR), University of Sheffield. HEDS
Discussion Papers are

intended to provide information and encourage discussion on a
topic inadvance of formal publication. They represent only the
views of the authors,and do not necessarily reflect the views or
approval of the sponsors.
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Abstract

Objectives To evaluate the evidence for the clinical
effectiveness of neonatal screening for

phenylketonuria (PKU) and medium-chain acyl-coA dehydrogenase
(MCAD) deficiency using

tandem mass spectrometry (tandem MS).

Study design Systematic review of published research

Data sources Studies were identified by searching 12 electronic
bibliographic databases;

conference proceedings and experts consulted.

Results Six studies were selected for inclusion in the review.
The evidence of neonatal

screening for PKU and MCAD deficiency using tandem MS was
primarily from observational

data of large-scale prospective newborn screening programmes and
systematic screening studies

from Australia, Germany and the USA. Tandem MS based newborn
screening of dried blood

spots for PKU and/or MCAD deficiency was shown to be highly
sensitive (>93.220%) and

highly specific (>99.971%). The false positive rate for PKU
screening was less than 0.046% and

for MCAD deficiency the false positive rate was less than
0.023%. The positive predictive

values ranged from 20 to 32% and 19 to 100%, respectively.
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Introduction

Inborn errors of metabolism (IEM) are a rare group of genetic
disorders that can have serious

clinical consequences for an affected neonate or young infant.
If undiagnosed and untreated,

these disorders can cause irreversible mental retardation,
physical disability, neurological

damage and even fatality.1

Detection and accurate diagnosis soon after birth are important
for

achieving a rapid and favourable patient outcome. Whilst the
incidence of each specific

metabolic disorder is rare, their collective importance is
deemed to be of considerable public

health significance.2

The most common disorders of IEM are phenylketonuria (PKU)
and

medium chain acyl-coA dehydrogenase (MCAD) deficiency.2;3

In the UK, PKU and congenital

hypothyroidism are the only disorders screened for routinely.
Evidence indicates that the

screening programme is very effective with few cases having been
missed.4 The UK screening

programme for PKU is based on the application of three standard
methods: the Guthrie bacterial

inhibition assay, fluorometry, and chromatography. Neonatal
screening for MCAD deficiency

has not yet been introduced in the UK, primarily because this
disorder is not detectable with

current screening methods.5 There has also been uncertainty
about the natural history of MCAD

deficiency and concerns about the specificity of the screening
test.6
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In 1997, two reports were published2;3

by the UK NHS R&D Health Technology Assessment

(HTA) Programme, examining the case for extending the neonatal
screening programme. These

reports were generally favourable to the introduction of some
screening for selected disorders but

with caveats. They placed a high priority on evaluating MCAD
deficiency and recommended

further studies on the application of tandem MS to neonatal
screening. The failure to fund these

studies left many stakeholders disappointed and
frustrated.14;15

However, with the subsequent

widespread, international development and adoption of
newborn-screening programmes using

tandem MS,16

the HTA Diagnostic Technologies & Screening Panel
commissioned an updated

review with economic modelling. We conducted a systematic review
of the evidence to assess

the clinical effectiveness of neonatal screening for IEMs using
tandem MS.17

This paper

summarises and updates the key findings of the HTA review17

in respect of PKU and MCAD

deficiency only.

Methods

Twelve electronic bibliographic databases were searched in June
2003 (including the Cochrane

Library, Medline, EMBASE and CINAHL) covering the biomedical,
scientific, and grey
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Selected papers were read and critically appraised by a single
reviewer. Relevant information

from included studies was abstracted directly into an evidence
table. Uncertainties were

resolved by discussion with another reviewer and clinical
advisers. The quality of evidence for

diagnostic and screening studies was assessed using established
guidelines.18;19

20

Summary

results were tabulated with detailed descriptive qualitative
analyses and were considered for

quantitative meta-analysis.

Results

We identified 68 potential studies, published after June 1996
(data prior to this date incorporated

in included studies), on neonatal screening for IEM using tandem
MS, of which six were

included in the review (Figure 1). Table 1 lists study
characteristics.

Six studies assessed newborn screening for PKU and/or MCAD
deficiency using tandem MS.

These studies provided data from newborn screening programmes in
Australia21 and the USA22;23

and from systematic screening studies (non-newborn screening
programmes) from the UK,6
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found to be 100%, however, the authors reported that the
sensitivity of the test was difficult to

ascertain, because many occurrences of MCAD deficiency were not
diagnosed on clinical

grounds.

Discussion

A systematic review of the published literature shows that
neonatal screening of dried blood

spots for PKU and MCAD deficiency is highly sensitive and highly
specific using a single

analytical technique (tandem MS).

The evidence of neonatal screening for PKU and MCAD deficiency
using tandem MS is

primarily from observational data of large-scale prospective
newborn screening programmes and

systematic screening studies.21-25

Randomised controlled trials of screening for rare disorders
are

difficult because of the enormous numbers that would be needed
for adequate power.21

Observational data from large-scale prospective collaborative
studies can provide information on

test and programme performance and clinical outcome to guide
policy decisions.3;14;27
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cut-off levels closer to normal limits.31-33

Octanoylcarnitine is the predominant marker for

MCAD deficiency, however it is not specific for MCAD deficiency
and is expected to be

elevated for other disorders and in neonates treated with
valproate or fed a diet high in medium-

chain triglycerides.34

Most of the included studies used different criterias to confirm
a

diagnosis. In two studies from the USA,22;24

infants were considered to have MCAD deficiency

solely on the basis of diagnostic acylcarnitine profiles whereas
Carpenter et al.,21

Schulze et al.25

and Zytkovicz et al23 applied explicit criteria for the
diagnosis of MCAD deficiency. In the UK

retrospective study,6

which used explicit criteria for diagnosis of MCAD deficiency,
the authors

reported that in most cases of MCAD deficiency, diagnosis was
not based on clinical grounds

but developed symptoms in early childhood.

Worldwide, there is an increasing trend to discharge mother and
baby within the first day or two

of life.26

In this review, most dried blood spot samples obtained in
prospective newborn

screening studies were collected less than 72 hours after
birth,22-24;26

which is considerably

earlier than in the UK, where neonatal screening samples are
normally collected between six and

14 days of life.2;3

The age at which screening is undertaken will affect the
sensitivity and

ifi it f th i t ti f t b lit h ti F
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The UK newborn screening programme for PKU is well established
and there is universal

agreement that neonatal screening for PKU is
justified.2;3;35;36

The mainstay of treatment for

MCAD deficiency is a high carbohydrate intake, orally or
intravenously during fasting and/or

intercurrent illness.37

The key concern regarding screening for this disorder is that
the

presentation varies widely with some individuals not presenting
until they are adults, and an

unknown number remaining undiagnosed or asymptomatic.14

Potential consequences of

diagnosis for this group include anxiety about the risk of
hypoglycaemia during early childhood

and adverse effects of clinically unwarranted treatment.27

However, it has been suggested that

such individuals are at as much risk as the symptomatic cases
but are fortunate not to have

encountered a sufficient metabolic stress to trigger a crisis.
As a result, all babies with MCAD

deficiency detected by newborn screening are at risk and
treatment is required in all.38

Tandem MS equipment is now in use in at least five major centres
in the UK, resulting in a

centralised core of knowledge and experience in this
country.8

This review suggests that

tandem MS is highly sensitive and specific for detecting PKU and
MCAD deficiency. The

evidence base provides a basis for a review of clinical benefit
and the economic attractiveness of

i t d MS f PKU d MCAD d fi i i


	
8/2/2019 Review Mcad Pku

12/21

References

1 Scriver CR, Beaudet AL, Sly WS, Valle D. The metabolic and
molecular bases of inherited

diseases. New York: McGraw-Hill, 2001.

2 Seymour, C. A., Thomason, M. J., Chalmers, R. A., Addison, G.
M., Bain, M. D.,

Cockburn, F., Littlejohns, P., Lord, J., and Wilcox, A. H.
Newborn screening for inborn

errors of metabolism: a systematic review. Health Technol Assess
1997; 1(11).

3 Pollitt, R. J., Green, A., McCabe, C. J., Booth, A., Cooper,
N. J., Leonard, J. V., Nicholl, J.,

Nicholson, P., Tunaley, J. R., and Virdi, N. K. Neonatal
screening for inborn errors of

metabolism: cost, yield and outcome. Health Technol Assess 1997;
1(7).

4 Ades AE, Walker J, Jones R, Smith I. Coverage of neonatal
screening: failure of coverage

or failure of information system.Arch Dis
Child2001;84:476-9.

5 Lin WD, Wu JY, Lai CC, Tsai FJ, Tsai CH, Lin SP et al. A pilot
study of neonatal

screening by electrospray ionization tandem mass spectrometry in
Taiwan. Acta

Paediatrica Taiwanica 2001;42:224-30.


	
8/2/2019 Review Mcad Pku

13/21

10 Chace DH, Hillman SL, Millington DS, Kahler SG, Roe CR,
Naylor EW. Rapid diagnosis

of maple syrup urine disease in blood spots from newborns by
tandem mass spectrometry.

Clin Chem 1995;41:62-8.

11 Chace DH, Hillman SL, Millington DS, Kahler SG, Adam BW, Levy
HL. Rapid diagnosis

of homocystinuria and other hypermethioninemias from newborns'
blood spots by tandem

mass spectrometry. Clin Chem 1996;42:349-55.

12 Clayton PT, Doig M, Ghafari S, Meaney C, Taylor C, Leonard JV
et al. Screening for

medium chain acyl-CoA dehydrogenase deficiency using
electrospray ionisation tandem

mass spectrometry.Arch Dis Child1998;79:109-15.

13 Insinga RP, Laessig RH, Hoffman GL. Newborn screening with
tandem mass

spectrometry: examining its cost-effectiveness in the Wisconsin
Newborn Screening Panel.

J Pediatr2002;141:524-31.

14 Leonard JV,.Dezateux C. Screening for inherited metabolic
diseases in newborn infants

using tandem mass spectrometry.BMJ2002;324:4-5.


	
8/2/2019 Review Mcad Pku

14/21

19 Jaeschke R, Guyatt GH, Sackett DL, for the Evidence-Based
Medicine Working Group.

Users' guides to medical literature, II: how to use an article
about a diagnostic test, A: are

the results of the study valid.JAMA 1994;271:389-91.

20 Jaeschke R, Guyatt GH, Sackett DL, for the Evidence-Based
Medicine Working Group.

Users' guides to medical literature, III: how to use an article
about a diagnostic test, B: what

are the results and will they help me in caring for my patients.
JAMA 1994;271:703-7.

21 Carpenter K, Wiley V, Sim KG, Heath D, Wilcken B. Evaluation
of newborn screening for

medium chain acyl-CoA dehydrogenase deficiency in 275 000
babies. Arch Dis Child

Fetal Neonatal Ed2001;85:F105-F109.

22 Chace DH, Hillman SL, Vanhove JLK, Naylor EW. Rapid diagnosis
of MCAD deficiency:

quantitative analysis of octanoylcarnitine and other
acylcarnitines in newborn blood spots

by tandem mass spectrometry. Clin Chem 1997;43:2106-13.

23 Zytkovicz TH, Fitzgerald EF, Marsden D, Larson CA, Shih VE,
Johnson DM et al.

Tandem mass spectrometric analysis for amino, organic, and fatty
acid disorders in

newborn dried blood spots: a two-year summary from the New
England Newborn


	
8/2/2019 Review Mcad Pku

15/21

tandem mass spectrometry: results, outcome, and implications.
Pediatrics 2003;111:1399-

406.

26 Wiley V, Carpenter K, Wilcken B. Newborn screening with
tandem mass spectrometry: 12

months' experience in NSW Australia.Acta Paediatr(Suppl)
1999;88:48-51.

27 Dezateux C. Evaluating newborn screening programmes based on
dried blood spots: future

challenges.Brit Med Bull 1998;54:877-90.

28 Kwon C,.Farrell PM. The magnitude and challenge of
false-positive newborn screening test

results.Arch Pediatr Adolesc Med2000;154:714-8.

29 Liebl B, Nennstiel-Ratzel U, von Kries R, Fingerhut R,
Olgemoller B, Zapf A et al. Very

high compliance in an expanded MS-MS-based newborn screening
program despite written

parental consent. Prev Med2002;34:127-31.

30 Chace DH, Sherwin JE, Hillman SL, Lorey F, Cunningham GC. Use
of phenylalanine-to-

tyrosine ratio determined by tandem mass spectrometry to improve
newborn screening for

phenylketonuria of early discharge specimens collected in the
first 24 hours. Clin Chem


	
8/2/2019 Review Mcad Pku

16/21

34 Matern D. Tandem mass spectrometry in newborn
screening.Endocrinologist2002;12:50-

7.

35 Thomason MJ, Lord J, Bain MD, Chalmers RA, Littlejohns P,
Addison GM et al. A

systematic review of evidence for the appropriateness of
neonatal screening programmes

for inborn errors of metabolism.J Public Health
Med1998;20:331-43.

36 Jones PM,.Bennett MJ. The changing face of newborn screening:
diagnosis of inborn errors

of metabolism by tandem mass spectrometry. Clinica Chimica Acta
2002;324:121-8.

37 Dixon MA,.Leonard JV. Intercurrent illness in inborn errors
of intermediary metabolism.

Arch Dis Child1992;67:1387-91.

38 Pollitt RJ. Tandem mass spectrometry screening: proving
effectiveness. Acta Paediatr

(Suppl) 1999;88:40-4.


	
8/2/2019 Review Mcad Pku

17/21

Figure 1. Study flow chart

Potentially relevant papers identified and screened for

retrieval (up to June 2003) (n=202)

Papers retrieved for more detailed evaluation (n=68)

Potentially appropriate papers to be included in systematic

review (n=16)

Studies with usable information on PKU and MCAD

deficiency (n=6)

Data on PKU only (n=0)

Data on MCAD deficiency only (n=4)

Data on PKU and MCAD deficiency (n=2)

Studies excluded if not neonatal screening

using tandem MS. Studies included in

earlier reviews also excluded i.e. prior to

June 1996 (n=134)

Studies excluded: No data on the

sensitivity, specificity or positivepredictive value of neonatal
screeningusing tandem MS (n=52)

Studies without data on PKU and/or

MCAD deficiency were excluded (n=10)
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Table 1. Study and population characteristics

Study Study type Location Population Sample type andAge at
sampling

Targetcondition(s)

Threshold for diseaseidentification

Confirmatory test

Newborn screening programmes

Carpenter et al. 200121

Prospectivecohort study

New SouthWales NewbornScreeningProgramme,Australia

Consecutive neonatesundergoing routinenewborn screening(>99%)
in New SouthWales and AustralianCapital Territorybetween April 1998
andMarch 2001. Ethnicitynot reported

Analysis ofacylcarnitines astheir butyl estersfrom dried
bloodspot samples takenat 3 days (median).Over 99% of babieswere
sampledbefore day 6

MCADdeficiency

Octanoylcarnitineconcentration 1 mol/L

Polymerase chain reaction assay for985AG mutation, analysis
ofplasma, repeat blood spotacylcarnitines and urinary organicacids
and fibroblast fatty acidoxidation

Patients were diagnosed with MCAD

deficiency if one or more of thefollowing criteria were met:

homozygous for 985AG mutation,

raised hexanoylglycine andsuberylglycine in urine,
increasedhexanoylcarnitine, octanoylcarnitine

or decenoylcarnitine in plasma;studies of fibroblast fatty
acidoxidation rate or acylcarnitine studies

Chace et al. 199722 Prospective

cohort study

Pennsylvania &

North CarolinaNewbornScreeningProgram, USA

Newborn infants

screened betweenSeptember 1992 andJanuary 1997. Ethnicitynot
reported

Analysis of

acylcarnitines astheir butyl estersfrom dried bloodspot samples
taken139 mol/L; phenylalanine totyrosine ratio >1.5

MCAD deficiency

Octanoylcarnitineconcentration >0.5 mol/L

Re-tested original samples andconfirmation of disorders
according to

standard metabolic procedures. ForMCAD deficiency, DNA analysis
for

985AG mutation and raisedhexanoylglycine and suberylglycinein
urine
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Table 2. Effectiveness of neonatal screening for phenylketonuria
and medium-chain acyl-CoA dehydrogenase deficiency using tandem
MS

Disorder Author Total

screened

True

Positives

False positive

(Specificity %)

False negatives

(Sensitivity %)

Positive

predictivevalue (%)

PKU Schulze et al. 200325 250,000 55* 115 (99.954) 4 (93.220)
32.353

Zytkovicz et al. 200123

257,000 18 74 (99.971) Not reported 19.565

MCAD Carpenter et al. 200121 275,653 12 11 (99.996) Not reported
52.174Chace et al. 199722 283,803 16 0 (100.000) 0 (100.000)
100.000

Zytkovicz et al. 200123 184,000 10 42 (99.977) Not reported
19.231

Andresen et al. 2001

24

930,078 62 0 (100.000) Not reported 100.000Pourfarzam et al.
20016 100,600 8 0 (100.000) 0 (100.000) 100.000

Schulze et al. 200325 250,000 16 46 (99.982) 0 (100.000)
25.806

PKU, phenylketonuria; MCAD, medium-chain acyl-CoA dehydrogenase
deficiency; HPA, hyperphenylalaninaemia* 24 Classic PKU, 31
non-PKU-hyperphenylalaninaemia

7 Classic PKU, 11 non-PKU-hyperphenylalaninaemia All 4 false
negative cases were non-PKU-hyperphenylalaninaemia
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