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A simple, non-invasive, cheap and widely available piece of equipment can save
lives. Pulse oximetry is used standardly in medicine to check oxygen saturation
and has been found to be effective in screening for congenital heart defects.

http://pulseoxadvocacy.com/
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« Congenital heart defects are a leading cause of
infant death.

— Up to 40% of all deaths from congenital defects and
3—-7.5% of infant deaths are due to such
abnormalities.

« Timely diagnosis improves outcome.

 Pulse oximetry has been developed as a

screening method to detect the defects in
newborn babies.

— The rationale for use of this method is that most critical
congenital heart defects have a degree of hypoxemia that

would not necessarily produce visible cyanosis and therefore
might not be clinically detectable.
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Find - A2 E K BIFFAMMAREE
BT EIEEE P EEE _EETE0ENE - RN ARSI ARREERT
1H BERFSE - Web of Science, Scopus 2t Google Scholar) ~ s EREFHERE - Rk
BB RER R ES - I B EREER MeSH 258 B — 8394 (text words) °
e Searched Medline (1951-2011), Embase (1974-
2011), Cochrane Library (2011), and Scisearch
(1974-2011) for relevant citations, and hand
searched the reference lists of relevant articles

for eligible studies.
« Applied no language restrictions.

« We considered both published and
unpublished reports for inclusion, including
those published in abstract form only.
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552 relevant articles identified from electronic databases

527 citations excluded after
screening titles or abstracts

—P

v

26 relevant articles retrieved for detailed assessment
25 from the electronic database
1 from reference lists

13 articles excluded
11 had no original data
— (ie, reviews or letters)
1 had insufficient data
1 was a duplicate publication

h 4

13 eligible studies included in the systematic review

Figure 1: Study selection
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« We assessed the quality of the included studies
against the q.uallt?‘/'.ass.essment of diagnostic
studies criteria, which included assessment of
study components including population, test,
reference standard, patient outcome, and study
design.

. XV%considered a study to be of good quality if it
a

— prospective consecutive recruitment, adequate
description of population, test and reference standard,
masking of test and reference standard, full verification

of the test with reference standard, and more than 90%
follow-up. :



Table 2: The QUADAS tool quality assessment

ltem Yes No Unclear

l. Was the spectrum of patients representative of the patients who will receive the test in practice? () () ()

2 Were selection criteria clearly described? () () ()

3. Is the reference standard likely to correctly classify the target condition’ () () ()

4 Is the time period between reference standard and index test short enough to be reasonably () () ()
sure that the target condition did not change between the two tests’

5. Did the whole sample or a random selection of the sample, receive verification using a reference () () ()
standard of diagnosis!

3 Did patients receive the same reference standard regardless of the index test result’ () () ()
Was the reference standard independent of the index test (i.. the index test did not form partof () () ()
the reference standard)’

8. Was the execution of the index test described in sufficient detail to permit replication of the test! () () ()
Was the execution of the reference standard described in sufficient detail to permit its () () ()
replication’

10. Were the index test results interpreted without knowledge of the results of the reference () () ()
standard’

. Were the reference standard results interpreted without knowledge of the results of the index () () ()
test!

2. Were the same clinical data available when test results were interpreted as would be available () () ()
when the test is used in practice!

3. Were uninterpretable/ intermediate test results reported? () () ()

4. Were withdrawals from the study explained? () () ()

Whiting P, Rutjes AWS, Reitsma JB, Bossuyt PM, Kleijnen J. The development of QUADAS: a tool for the quality 10

assessment of studies of diagnostic accuracy included in systematic reviews. BMC Med Res Methodol 2003; 3: 25.
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« Two independent reviewers (ST and AKE) examined
the electronic searches and obtained full reports of all
citations that were likely to meet the predefined
selection criteria ; extracted information about study
characteristics, quality, and test results from each
selected article.

« Disagreements were resolved by consensus and after
discussion with a third reviewer (KSK).
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Included - EERMABREFNMENXE

EETXMABZ AR - 2FAEXBEIBRMAZ VD ZE BN RERZH/) RV -

@O ¥es [ MofUnclear

Consecutive recruitment | 10 3 |
Representative range of patients | 13 |
Inclusion criteria defined | 13 |
Adequate description of index test | 11 2 |
Masking of index test | 1 | 12 |
Appropriate reference standard | 13 |
Adequate description of reference standard | 13 |
Masking of reference standard | 13 |
Independent reference standard | 13 |
Low risk for partial verification bias | 11 | 2 |
Withdrawals explained | 12 | 1 |
Adeguate follow-up for 30 days | 10 | 3 |
| T T T T T T T T T 1

O 10 20 30 40 50 60 i 80 90 100

Mumber of studies (%)

Figure 2: Quality of included test accuracy studies
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Limb Antenatal Test Total True False False True Sensitivity  Specificity Likelihood Likelihood False-
diagnosis  timing positive positive negative negative (%;95%Cl) (%; 95% Cl) ratio positive ratio negative positive
of CHD (%; 95% CI) (%:; 95% CI) rate

(%; 95% Cl)

Meberg et al Foot only Excluded <24h 50008 27 297 8 49676 771% 99-4% 129-8% 0-23% 0-6%
(2008)> (59-9-89-6) (993-995) (104-9-160-6) (0-13-0-43) (0-5-0-7)
Bakr et al Foot and Excluded =24 ht 5211 3 2 4] 5206 100-0% 100% 18231% 0-13% 0%
(2005)* right hand (29-2-100-0) (99-9-100.0) (500.1-6646.1)  (0-01-1.67) (0-0-1)
Arlettaz et al Foot only Included <24 h 3262 12 12 0] 3238 100-0% 99-6 % 250-1% 0-04% 0-4%
(2006)* (73-5-100-0) (99-4-99-8) (1423-439-5) (0-01-0-59) (0-2-0-6)
Sendelbach Foot only Excluded <24h 15233 1 24 0 15208 100-0% 99-8 % 466-3% 0-25% 0-2%
etal (2008)* (2-5-100-0)  (995-8-99-9)  (191.0-1138.5) (0-02-2.8) (0-1-0-2)
Reich et al Foot and Excluded =24 ht 2114 0 4 (o} 2110 = 99-8% - E 0-2%
(2003 right hand (99-5-99-9) (0-1-0-5)
Koppel et al Foot only Excluded =24h 11281 3 1 2 11275 60-0% 100-0% 6765-6% 0-40% 0%
(2003)* (147-947)  (100-0-100-0) (839-8-54506-3) (0-14-1-17) (0-0-0-0)
Rosati et al Foot only Excluded =24 h 5292 2 1 1 5288 667 % 100-0% 3526-0% 0-33% 0%
(2005) (9-4-99-2) (99-9-100-0)  (424-6-29282-9) (0-07-170) (0-0-0-1)
Richmond etal Foot only Included <24 h 5626 8 56 1 5561 88.-9% 99-0% 89-2% 0-11% 1%
(2002)= (51-8-997) (987-99-2) (62:9-126-3) (0-02-071) (0-8-13)
deWahl Granelli Foot and Excluded =24 ht 39821 19 68 10 39724 65-5% 99-8% 383-4% 0-35% 0-2%
(2009)* right hand (45-7-821)  (99-8-99-9)  (268-8-546-9) (0-21-0-57) (0-1-0-2)
Riede (2010)*  Foot only Excluded =24h 41442 14 40 4 41384 77-8% 99-9% 805-5% 0-22% 0-1%

(52-4-93-6)  (99-9-999) (542-0-1197-0) (0-09-0-53) (0-1-0-1)
Ewer et al Foot and Included <24 h 20055 18 177 6 19854 75-0% 99-1% 84-9% 0-25% 0-9%
(2011)7 right hand (53-3-90-2)  (99-0-99-2) (64-6-111-6) (0-13-0-50) (0-8-1-0)
Kawalec et al Foot only Excluded =24h 27 200 7 13 1 27179 87-5% 100-0% 1830-2% 0-13% 0%
(2006)* (473-997)  (99-9-100-0) (1001-2-3345:9) (0-02-078) (0-0-0-1)
Hoke et al Foot and Included <24 h 2876 4 53 o] 2819 100-0% 98.29% 48-3% 0-10% 1-8%
(2002)7* right hand (39-8-100-0) (97-6-98-6)  (32-6717) (0-01-1-40) (1-4-2-4)
Summary - - - 229421 - - - - 76-5% 99-9% 549-2% 0-24% 0-14%
estimate (677-83:5)  (997-999) (232-8-1195.6) (0-17-033) (0-06-0-33)

CHD=congenital heart defect. *Studies by Hoke and colleagues and Reich and colleagues excluded from the analysis. tMean age at testing =24 h after birth.
Table: Accuracy estimates of primary studies for pulse oximetry in the detection of critical congenital heart defects in newborn babies 13
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Limb Antenatal Test  Total True False False True Sensitivity ~ Specificity Likelihood Likelihood False-
diagnosis timing positive positive negative negative (%;95%Cl) (%;95%Cl)  ratio positive ratio negative positive
of CHD (%; 95% CI) (%; 95% Cl) rate

(%; 95% Cl)

Mebergetal  Footonly  Excluded <24h 50008 27 297 8 49676 771% 99-4% 129-8% 023% 0-6%
(2008) (59-9-89-6) (993-995)  (104.9-1606)  (0-13-043) (0-5-07)
Bakr et al Foot and Excluded =24 ht 5211 3 2 0 5206 100-0% 100% 1823:1% 013% 0%
(2005)® right hand (292-100-0) (99.9-100:0) (5001-66461)  (0-01-1-67) (0-0-1)
Arlettaz et al Foot only Included  <24h 3262 12 12 0 3238 100-0% 99.6 % 250-1% 0-04% 0-4%
(2006)* (735-100:0) (994-99-8)  (1423-4395) (0-01-059) (02-0-6)
Sendelbach Foot only Excluded <24h 15233 1 24 0 15208  100-0% 99.8% 4663% 0-25% 0-2%
etal (2008)* (2-5-100:0)  (99-8-99:9)  (191.0-1138:5)  (0-02-2:8) (0-1-0-2)
Reich et al Foot and Excluded >24ht 2114 0 4 0 2110 99.8% 0-2%
(2003)** right hand (99-5-99.9) (0-1-05)
Koppel et al Foot only Excluded =24h 11281 3 1 2 11275 60-0% 100-0% 6765-6% 0-40% 0%
(2003)* (147-947)  (100-0-100-0) (839:8-54506:3) (0-14-117) (0-0-0-0)
Rosati et al Foot only Excluded =24h 5292 2 1 1 5288 667 % 100-0% 3526-0% 033% 0%
(2005)* (9-4-992)  (99:9-1000) (424-6-29282-9) (0-07-170) (0-0-01)
Richmondetal Footonly  Included <24h te26 8 56 1 5561 88.9% 99-0% 89-2% 011% 1%
(2002)* (51:8-997) (987-992)  (62:9-1263) (0-02-071) (0-8-13)
deWah! Granelli Foot and Excluded =24ht 39821 19 68 10 39724 65-5% 99.8% 383-4% 0-35% 0-2%
(2009)* right hand (457-821)  (99-8-99-9) (268.8-546-9)  (0-21-0.57) (0-1-02)
Riede (2010*  Foot only Excluded =24h 41442 14 40 4 41384 77-8% 99-9% 805-5% 0-22% 01%

(524-93-6) (999-999)  (542:0-11970)  (0-09-053) (01-01)
Eweretal Foot and Included  <24h 20055 18 177 6 19854 75:0% 99-1% 84-9% 0-25% 0-9%
(2011)7 right hand (533-902) (99:0-992)  (64-6-111.6) (013-050)  (0-8-1.0)
Kawalec et al Foot only Excluded =24h 27200 7 13 1 27179 87.5% 100-0% 1830-2% 0-13% 0%
(2006)* (473-997) (999-1000) (1001-2-33459) (0-02-078) (0-0-0-1)
Hoke et al Foot and Included <24 h 2876 4 53 0 2819 483% 0-10%
(2002)7* right hand (326-717) (0-01-1-40)
Summary 229421 549-2% 0:24%
estimate (997-999)f (2328-11956)  (017-033) (0-06-033)

CHD=congenital heart defect. *Studies by Hoke and colleagues and Reich and colleagues excluded from the analysis. tMean age at testing =24 h after birth.

Table: Accuracy estimates of primary studies for pulse oximetry in the detection of critical congenital heart defects in newborn babies
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Sensitivity (95% Cl) False-positive

rate % (95% Cl)
Overall estimate B 76.5(67.7-83.5) B 0-14 {ﬂ-ﬂﬁ—ﬂ-ﬁ}‘
Test timing
<24 hours _ - 848(69:8-931) . 050(0-29-0-86)
=24 hours — m— 775(618-880) | P=0.0017 — 0.05 (0-02-0-12)
Measurement site
Foot and right hand — B  700(549-817) B 0-19 (0-04-0-89)
Foot only —B- 802(695-87.8) i 0-12 (0-04-0-35)
Antenatal screen
positive for CHD
Excluded @ 767(664-845) 0-08 (0-03-0-19)
Included g 881(k26g70) | P<0.0001 F=>:}-?3{n-5:}-1-1::5}
T T T T 1 T T T T |
0 5o 60 70 8090100 0 02 04 06 08 01 1§

Figure 3: Accuracy estimates based on clinical and test characteristics of pulse oximetry in detection of critical
congenital heart defects in newborn babies

CHD=congenital heart defects. =\ 255 4+ 3=E XK
J = I:IEn\I:I% v UO& BE 16
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« This Is the case with specificity in which the
x? test Is highly significant, but heterogeneity
Is clinically unimportant.
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e The overall sensitivity of pulse oximetry for
detection of critical congenital heart defects (CCRDs)
was 76:5% (95% C1 67-7-83-5).

« The specificity was 99-9% (99-7-99-9), with a false-
positive rate of 0-14% (0-06-0-33).

« The false-positive rate for detection of CCRDs was
particularly low when newborn pulse oximetry was
done after 24 h from birth than when it was done
before 24 h (0-05% [0-02-0-12] vs 0-50 [0-29-0-86];
p=0-0017).

18
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e Pulse oximetry is highly specific for
detection of critical congenital heart
defects with moderate sensitivity, that meets
criteria for universal screening, especially
when done after 24h of birth.
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