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ABSTRACT

Background: Pulse oximetry (PO) screening can be used to screen newborns for critical con-
genital heart defects (CCHD). Analyses performed in hospital setting suggest that PO screening 
is cost-effective. We aimed to assess the costs and cost-effectiveness of PO screening in the 
Dutch perinatal care setting, with home births and early postnatal discharge, compared to a 
situation without PO screening.. 

Methods: Data from a prospective accuracy study with 23,959 infants in the Netherlands were 
combined with a time and motion study and supplemented data were used in this healthcare 
cost evaluation. Costs and effects of the situations with and without PO screening were com-
pared for a cohort of 100,000 newborns.
 
Results: Mean screening time per newborn was 4.9 minutes per measurement and 3.8 min-
utes for informing parents. The additional costs of screening were in total €14.71 per screened 
newborn (€11.00 for personnel costs and €3.71 for equipment costs). Total additional costs of 
screening and referral were €1,670,000 per 100,000 infants. This resulted in an incremental 
cost-effectiveness ratio of €139,000 per additional newborn with CCHD detected with PO, 
when compared to a situation without PO screening.  

Conclusions: PO screening in the Dutch care setting would be cost-effective if considera-
ble savings in lifetime treatment and, or substantial gains in Quality Adjusted Life Years are 
obtained per infant timely diagnosed with PO screening. Additional studies on treatment costs, 
life expectancy and quality of life of children with CCHD are needed to conclude whether 
addition of PO screening is cost-effective in the Netherlands.
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INTRODUCTION 

Pulse oximetry (PO) screening to detect critical congenital heart defects (CCHD) in newborns 
has been studied widely in the past years and was proven to be accurate, safe, easy, and ac-
ceptable in settings with delivery and screening in hospital.1-3 Cost-effectiveness analyses per-
formed in studies from the United States and United Kingdom also suggest that the screening 
might be cost-effective in their setting.4,5 

Congenital heart defects are the most common congenital defect, affecting approximately 8 
per 1,000 live births. One quarter of all congenital heart defects are critical and require surgery 
or catheter intervention in the first month of life.6 Timely diagnosis of these CCHD, before signs 
of cardiovascular collapse, is pivotal in reducing morbidity and mortality. Around 50-80% of 
CCHD can be detected with prenatal screening.7, 8 Postnatal physical examination of remaining 
cases is hampered by the absence of clinical signs in the first days of life.9-11 PO can be added 
to the regular screening program (prenatal ultrasound and postnatal examination) in order 
to reduce the cases with late diagnoses. It is known that a timely diagnosis of CCHD improves 
the chances of a favorable outcome with less mortality and morbidity.9 

Although cost-effectiveness studies were performed in the United States and United Kingdom 
in settings with screening in hospital, costs might be different in settings with different peri-
natal care systems.4, 5 For example, the Netherlands is unique with a high rate of home births 
(18%) and discharge within 5 hours after an uncomplicated vaginal delivery in hospital.12, 13 
Screening in this setting requires performance of PO at home by community midwives, as well 
as a referral system for positive screenings. Recently, an accuracy study in the Dutch perinatal 
care was performed including 23,959 infants.14 We aimed to estimate the additional costs 
of PO screening in the Dutch perinatal care system, taking into account personnel time and 
equipment. The costs and cost effectiveness of a situation with PO screening were compared 
to the current setting, with effectiveness measured in terms of timely diagnosis (before death 
or signs of acute cardiovascular collapse).  
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METHODS

Screening strategies
The situation with PO screening as an adjunct to clinical examination was compared to usual 
care in which no PO screening was performed. 

In the situation with PO screening, PO was added to physical examination of newborns 
and performed at home or in hospital at two moments: at least one hour after birth and on 
day two or three of the infant’s life. Infants with abnormal screenings were referred to the 
paediatrician for physical examination and a cardiac ultrasound was made in case of persistent 
abnormal oxygen saturations in the absence of a non-cardiac explanation. 

In a situation without PO screening a physical examination is performed by the midwife or 
the obstetric nurse. If this examination has an abnormal result, referral to the paediatrician 
for examination including a cardiac ultrasound will take place. In Figure 1 both screening 
strategies are shown. 

Figure 1. Schematic representation of screening pathways. 
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Clinical data
Clinical data for the situation with PO screening were obtained from the Pulse Oximetry Leiden 
Amsterdam Region (POLAR) study. The protocol and results of this study are published in 
another article.14 The study included 23,959 infants, six infants with CCHD were detected, 
five by abnormal PO results and one due to clinical symptoms, while five CCHD were missed 
(sensitivity 54.5%, specificity 99%). The false positive rate was 0.9%, but 61% of these infants 
had significant other pathology. Also, the percentage of referred neonates transported by an 
ambulance in a situation with PO screening were obtained from the POLAR study.

For the situation without PO, the number of physical examinations by midwives and ob-
stetric nurses was assumed to be the same as in the situation with PO screening. Data on 
referrals were obtained from a review of patients’ records before the introduction of PO. 
From all infants with CCHD that were not detected during antenatal anomaly scan, the records 
were reviewed in order to assess when the infants became symptomatic, if there was a timely 
diagnosis, and if postnatal physical examination revealed symptoms. The percentage of infants 
without CCHD with a false positive result in a situation with physical examination alone, was 
assumed to be 0.4%.3 

The clinical parameters used in the model are summarised in Table 1.

Table 1. Model parameters for a situation with and without PO screening added to physical examination.

Situation with PO 
screening

Situation without PO 
screening

Parameter Value Source Value Source

CCHD positive children

% screen positive by clinical examination and/or PO 54.5% POLAR 25.8% chart review

% transported by ambulance if screen positive 50.0% POLAR 50.0% POLAR*

% physical examination if screen positive 100% POLAR 100% expert opinion

% cardiac ultrasound if screen positive 100% POLAR 100% expert opinion

CCHD negative children

% screen positive by PO 0.9% POLAR - -

% screen positive by physical examination 0.4% Ewer et al. (3) 0.4% Ewer et al (3)

% transported by ambulance if screen positive 2.2% POLAR 2.2% POLAR*

% physical examination if screen positive 100% POLAR 100% expert opinion

% cardiac ultrasound if PO screen positive 18.1% POLAR - -

% cardiac ultrasound if PE screen positive 100% expert opinion 100% expert opinion

*Assumed to be the same as in pulse oximetry and physical examination group. PO: pulse oximetry; POLAR: Pulse 
oximetry screening Amsterdam-Leiden region study.
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Costs of screening and referral
The cost evaluation is performed from a healthcare perspective. All reported costs were con-
verted to values for 2017, by means of the consumer price index.15, 16 As the cost of physical 
examination was assumed to be the same in the situation with and without PO, only the 
additional costs of PO were assessed.

A total of 28 community midwives recorded the time of 190 PO screenings. Also, the 
duration of the parent information talks during the antenatal visit and at the first screening 
moment were measured. We assumed that these time measurements were also representa-
tive for PO screenings performed by obstetric nurses. Personnel costs of the screening were 
obtained by multiplying the time duration of the screenings by the hourly gross salary costs of 
respectively midwives (€ 59, personal communication Royal Dutch Organization of Midwives 
(KNOV)) and obstetric nurses (€32).15 

Cost of equipment was based on the purchase price of the used pulse oximeter devices and 
reusable sensor with wraps requested at the vendor (PM10N handheld pulse oximeters with 
reusable OxiMax sensors, Medtronic, Ireland, Dublin). We assumed a depreciation period of 
eight years for the pulse oximeter and 6 months for the sensors. Cost of annual maintenance 
were assumed to be 5% of the purchase price.15 The mean number of devices in midwife 
practices and hospitals was obtained from participating practices and hospitals in the study.14 
This was multiplied by the number of midwife practices and hospitals in the Netherlands and 
divided by the total number of infants screened per year to obtain the costs of the device per 
infant screened.17-19

The percentage of neonates with a repeat PO screening was obtained from the POLAR 
study. Respectively 1.0% and 0.3% tests at the first and second moment of screening were 
repeated. 

Referral costs included the cost of an outpatient visit to the paediatrician (€102), ambu-
lance transport (€621), and costs of cardiac ultrasounds (€ 490) for the subgroup of neonates 
with persistent abnormal oxygen saturations without a non-cardiac explanation.15, 20 

Analysis
In the base case analysis, costs and effects of both the situation with and without PO screening 
are compared using the model parameters described above for a cohort of 100,000 neonates 
with a gestational age ≥35 weeks, that were not monitored with pre- and post-ductal SpO2 in 
the first 24 hours of life and in whom no cardiac ultrasound was performed. The cost-effec-
tiveness ratio was obtained by dividing the difference in costs in a situation with and without 
PO screening by the difference in number of timely diagnosed infants with CCHD. 
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Additionally, sensitivity analyses were performed to assess the impact of alternative as-
sumptions for the model parameters on the incremental cost-effectiveness ratio.

In these sensitivity analyses the cost and effects of performing one measurement in the 
first hours after birth instead of two measurements was assessed. Performing only one mea-
surement, leads to a lower sensitivity of 45.5%, a lower percentage of children without CCHD 
receiving a positive PO result (0.8%) and lower costs of screening. Furthermore, the effects 
and costs were assessed if a sensitivity of 70% was assumed for PO screening, which may also 
be likely for the Dutch situation.14

Also (univariate) sensitivity analyses on cost parameters were performed. In the base case 
analysis, a depreciation period of eight years for the pulse oximeter was assumed, this was 
changed in a five-year period in the sensitivity analysis, leading to higher material costs of 
screening (€4.32 per infant). The Dutch tariff for cardiac ultrasound in newborns is quite high 
compared to the costs assumed for the UK and the US,4,5 therefore also a sensitivity analysis 
with lower costs for cardiac ultrasound of €250 was performed.

Analyses were performed using Microsoft Excel (Microsoft, Seattle, WA) 2010 software. 

RESULTS

Screening costs
A total of 190 PO screenings were timed by community midwives. The mean screening time 
was 4.9 minutes (SD 2.7 min, range 1.0-15.0 min). The mean parental information time was 
3.8 minutes (SD 2.5 min, range 1.5-12.0 min). The two screening moments and parental infor-
mation together amount to time costs of €11.00 per infant screened.  Costs of pulse oximeter 
devices and the reusable sensor with wraps amount to €3.71 per infant, resulting in additional 
costs of PO screening of €14.71.

Effects and cost of screening with and without PO
In the situation without PO, 11 per 100,000 infants with CCHD were timely diagnosed. Adding 
PO, resulted in an additional number of 12 CCHD per 100,000 infants. In the situation with PO 
screening estimated cost of the addition of PO screening and referral amount to € 1,922,000 
per 100,00 infants, of which the additional costs of PO screening account for €1,471,000 (Ta-
ble 2). In the situation without PO screening costs of referral including ambulance transport, 
paediatrician visit and cardiac ultrasound were € 201,000 per 100,000 infants. Therefore, the 
additional cost of screening and referral in a situation with PO screening were €1,670,000 per 
100,000 infants compared to a situation without PO screening.
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Table 2. Cost of PO screening and referral in a situation with and without the addition of PO to PE screening, 
per 100,000 infants (2017 €).

Cost category Situation with PO screening Situation without PO screening

PO screening 1,471,000 0

Referral 452,000 252,000

- Ambulance transport 25,000 9,000

- Paediatrician 138,000 42,000

- Cardiac ultrasound 289,000 201,000

Total cost of screening and referral 1,923,000 252,000

PO: pulse oximetry; PE: physical examination.

The resulting incremental cost-effectiveness ratio, representing the additional cost per addi-
tional timely detected infant with CCHD, was € 139,000.

Sensitivity analysis
The sensitivity analyses in which base case values of the model parameters were changed, did 
not lead to important changes in the cost-effectiveness ratio, except for assuming a higher PO 
sensitivity, which resulted in a considerable lower cost-effectiveness ratio (Table 3). 

Table 3. Cost and effects in a situation with and without the addition of PO to PE screening for different assump-
tions of the model parameters, per 100,000 infants (2017 €).

Sensitivity analysis Situation with PO 
screening

Situation without 
PO screening

Cost effectiveness ratio

Costs per additional timely 
detected infant with CCHD

Costs Effects Costs Effects

Only PO measurement on day 1 1,299,000 19 252,000 11 128,000

Higher sensitivity PO (70%) 1,677,000 30 252,000 11   86,000

Shorter depreciation period pulse ox-
imeter (5 years)

2,025,000 23 252,000 11 148,000

Lower costs cardiac ultrasound (€250) 1,627,000 23 252,000 11 136,000

Base case 1,922,000 23 252,000 11 139,000

CCHD: critical congenital heart defect; PE: physical examination; PO: pulse oximetry
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DISCUSSION

The additional costs of PO screening are €14.71 per screened newborn. Total additional costs 
of screening and referral are €1,670,000 per 100,000 infants. This would implicate that the 
annual costs for implementing PO screening in the Netherlands would be €2.4million. With an 
estimate of 12 extra timely detected CCHDs per 100,000, this resulted in a cost-effectiveness 
ratio of €139,000 per timely diagnosis CCHD, when compared to the current management 
with antenatal anomaly scan and postnatal physical examination. A Willingness-To-Pay (WTP) 
threshold of €20,000 per gained Quality Adjusted Life Year (QALY) in the Netherlands for 
prevention indicates that PO screening in the Dutch care setting would be cost-effective if  
considerable savings in lifetime treatment and/or substantial gains in QALYs would be obtained 
per infant timely diagnosed  with PO screening.21 It is known that the improved techniques 
of paediatric cardiac surgery and catheter interventions have considerably improved the out-
come of children with CCHD in the last decades, with an improved life expectancy and quality 
of life.22, 23 However, exact and recent data on gained QALYs by timely diagnosis are lacking. 
The majority of infants with CCHD survive at least up to adulthood, and it is expected that the 
majority of them have normal life expectancy.22 Recent data have also shown that the short-
term morbidity, mortality and length of hospital stay are reduced in case of timely diagnosis 
of CCHD.9 An analysis of the importance of timely diagnosis of CCHD, performed in the United 
States and based on a birth defect registry, stated that potentially preventable death occurred 
in 1.8% of infants with late detected CCHD, and that a late diagnosis was associated with more 
and longer hospital admissions, and higher inpatient costs.24

PO screening performed in hospital setting in the US costed $14.19 (2011) per screened 
newborn, which was less than the costs for metabolic (Guthrie test) screening and hearing 
screening in their setting.4 In a cost-effectiveness analysis of PO screening performed in the 
UK additional costs of PO screening were £6.24 (2009).5 In our screening protocol a part of the 
screenings were performed at home, with referral to hospital in case of a positive screening. 
Furthermore, we adopted a two-step screening strategy with PO measurements at two time 
points, causing higher personnel costs. These factors partly explain the higher costs of PO 
screening per newborn in our setting. Also costs of referral, especially of cardiac ultrasounds, 
were assumed to be higher for the Dutch situation, which together with the higher screening 
cost attribute to the less favourable cost-effectiveness ratio compared to the UK estimate of 
£24,000 per extra timely diagnosis of CCHD when compared to physical examination alone. 
As shown in the sensitivity analyses, the prenatal detection rate of CCHD has a large impact 
on the cost-effectiveness ratio; a high prenatal detection rate of CCHD in our implementation 
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study resulted in less CCHD detected postnatally, when compared to the other studies.14 This 
increases the costs per additional detected case as well.

A strength of this cost-effectiveness analysis is that it was based on data acquired by a large 
primary accuracy study, with an additional time and motion study to assess time duration 
of screening and informing parents.14 Although there was no concurrent control group with 
physical examination only, we were able to evaluate the accuracy by assessing a retrospective 
cohort from our own patient population from the period before PO screening was introdu-
ced. Although we did assess the additional costs per detected newborn with CCHD, we could 
not assess the costs per QALY, which is of high importance for policy makers. No other cost-
effectiveness analysis in other countries could assess this however, due to lacking up-to-date 
long-term outcomes of children with CCHD. Another limitation is that we did not include 
treatment costs in this analysis, but studies have shown that the duration and amounts of 
hospital admissions is higher in case of late detection of CCHD.9, 24

An extra value of PO screening is the detection of other pathology, such as infections 
and respiratory morbidity.14, 25 Although these secondary targets were not included in cost-
effectiveness analyses, it is likely that timely detection of these potentially life threatening 
pathologies can reduce morbidity and mortality in neonates.26, 27 

CONCLUSION

This cost-effectiveness analysis assessed PO screening in the Dutch perinatal care setting with a 
high rate of home births and early postnatal discharge. We calculated that PO screening in the 
Dutch care setting would be cost-effective if considerable savings in lifetime treatment and/or 
substantial gains in QALYs would be obtained per infant timely diagnosed with PO screening. 
However, for this, additional studies on life expectancy, quality of life and treatment costs of 
children with CCHD are needed. The data we provided can be used by policy makers when 
considering implementation of PO screening.



91

Cost-effectiveness analysis of pulse oximetry in Dutch perinatal care

6

REFERENCES
1. Thangaratinam S, Brown K, Zamora J, Khan KS, Ewer AK. Pulse oximetry screening for critical congenital heart defects 

in asymptomatic newborn babies: a systematic review and meta-analysis. Lancet 2012;379(9835):2459-64.
2. Narayen IC, Blom NA, Ewer AK, Vento M, Manzoni P, Te Pas AB. Aspects of pulse oximetry screening for critical 

congenital heart defects: when, how and why? Arch Dis Child Fetal Neonatal Ed. 2016 Mar;101(2):F162-7
3. Ewer AK, Furmston AT, Middleton LJ, et al. Pulse oximetry as a screening test for congenital heart defects in 

newborn infants: a test accuracy study with evaluation of acceptability and cost-effectiveness. HTA 2012;16(2):v-
xiii, 1-184.

4. Peterson C, Grosse SD, Oster ME, Olney RS, Cassell CH. Cost-effectiveness of routine screening for critical con-
genital heart disease in US newborns. Pediatrics 2013;132(3):e595-603.

5. Roberts TE, Barton PM, Auguste PE, Middleton LJ, Furmston AT, Ewer AK. Pulse oximetry as a screening test for 
congenital heart defects in newborn infants: a cost-effectiveness analysis. Arch Dis Child 2012;97(3):221-6.

6. Hoffman JI, Kaplan S. The incidence of congenital heart disease. JACC 2002;39(12):1890-900.
7. van Velzen CL, Clur SA, Rijlaarsdam ME, et al. Prenatal detection of congenital heart disease--results of a national 

screening programme. BJOG 2016;123(3):400-7.
8. Riede FT, Worner C, Dahnert I, Mockel A, Kostelka M, Schneider P. Effectiveness of neonatal pulse oximetry 

screening for detection of critical congenital heart disease in daily clinical routine--results from a prospective 
multicenter study. Eur J Pediatr 2010;169(8):975-81.

9. Brown KL, Ridout DA, Hoskote A, Verhulst L, Ricci M, Bull C. Delayed diagnosis of congenital heart disease worsens 
preoperative condition and outcome of surgery in neonates. Heart. 2006;92(9):1298-302.

10. O’Donnell CP, Kamlin CO, Davis PG, Carlin JB, Morley CJ. Clinical assessment of infant c olour at deliv-
ery. Arch Dis Child Fetal Neonatal 2007;92(6):F465-7.

11. Mouledoux JH, Walsh WF. Evaluating the diagnostic gap: statewide incidence of undiagnosed critical congenital 
heart disease before newborn screening with pulse oximetry. Pediatr Cardiol 2013;34(7):1680-6.

12. Statistics Netherlands. CBS Statline. Delivery and Birth: 1989-2015.
13. Stichting Perinatale Registratie Nederland. Grote lijnen 10 jaar Perinatale Registratie Nederland. Utrecht; Sticht-

ing Perinatale Registratie Nederland. 2011.
14. Narayen IC, Blom NA, van Geloven N, et al. Accuracy of pulse oximetry screening for critical congenital heart 

defects after home birth and early postnatal discharge. Submitted June 25th 2017. 
15. Zorginstituut Nederland. Richtlijn voor het uitvoeren van economische evaluaties in de gezondheidszorg. Pub-

lished 29-02-2016.
16. Statistics Netherlands, CBSStatline. Consumentenprijzen; prijsindex 2015  [Available from: http://statline.cbs.

nl/Statweb/selection/?DM=SLNL&PA=83131NED&VW=T.
17. Perined. Perinatale Zorg in Nederland 2015. Utrecht: Perined; 2016.
18. Davidoff MJ, Dias T, Damus K, et al. Changes in the gestational age distribution among U.S. singleton births: 

impact on rates of late preterm birth, 1992 to 2002. Semin Perinatol 2006;30(1):8-15.
19. Nivel. Cijfers uit de registratie van verloskundigen. Peiling 2015. 2016.
20. Nederlandse Zorgautoriteit. DBC zorgproducten tariefapplicatie [Available from: http://dbc-zorgpro-

ducten-tarieven.nza.nl/nzaZpTarief/ZoekfunctieDot.aspx.
21. van den Berg M, de Wit GA, Vijgen, SM. Busch, MC, Schuit, AJ. Kosten-effectiviteit van preventie: kansen voor 

het Nederlandse volksgezondheidsbeleid. Ned Tijdschr Geneeskd  2008;152:1329-34.
22. Knowles RL, Bull C, Wren C, et al. Modelling survival and mortality risk to 15 years of age for a national cohort 

of children with serious congenital heart defects diagnosed in infancy. PloS one 2014;9(8):e106806.
23. Knowles R, Griebsch I, Dezateux C, Brown J, Bull C, Wren C. Newborn screening for congenital heart defects: a 

systematic review and cost-effectiveness analysis. HTA 2005;9(44):1-152, iii-iv.
24. Peterson C, Dawson A, Grosse SD, et al. Hospitalizations, costs, and mortality among infants with critical congen-

ital heart disease: how important is timely detection? Birth Defects Res A Clin Mol Teratol 2013;97(10):664-72.
25. Singh A, Rasiah SV, Ewer AK. The impact of routine predischarge pulse oximetry screening in a regional neonatal 

unit. Arch Dis Child Fetal Neonatal Ed 2014;99(4):F297-302.
26. Mukhopadhyay S, Puopolo KM. Risk assessment in neonatal early onset sepsis. Semin Perinatol 2012;36(6):408-15.
27. Aschner JL, Gien J, Ambalavanan N, et al. Challenges, priorities and novel therapies for hypoxemic respiratory 

failure and pulmonary hypertension in the neonate. J Perinatol 2016;36 Suppl 2:S32-6.






