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CHAPTER 6

STANALYSIS IN ELECTRONIC 
FOETAL MONITORING IS COST

EFFECTIVE FROM BOTH THE 
MATERNAL AND NEONATAL 

PERSPECTIVE. 

Janneke van ’t Hooft, Maarten Vink, Brent C. Opmeer, 

Sabine Ensing, Anneke Kwee, Ben Willem J. Mol

J Matern Fetal Neonatal Med. 2016:1-6
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ABSTRACT 

Objective

Electronic foetal monitoring (EFM) together with non-invasive ST-analysis 

(STAN) has been suggested as a superior technique to EFM alone for foetal 

surveillance to prevent metabolic acidosis. This study aims to compare the 

cost-effectiveness of these two techniques from both maternal (short-term) as 

neonatal (long-term) perspective to guide clinical decision-making. 

Methods 

We created two models: a maternal model, focused on the difference in mode of 

delivery as most important outcome, and a neonatal Markov model focused on 

the differences in metabolic acidosis – and its relationship to cerebral palsy (CP) 

– as the most relevant outcome to estimate the long-term cost-effectiveness. 

The cost to prevent one instrumental delivery was estimated in the maternal 

model. The costs to prevent one metabolic acidosis and the costs per quality 

adjusted life years were calculated in the neonatal model.

Results

The average costs of STAN are only €34 higher when compared to EFM alone. 

From maternal perspective the cost of preventing one instrumental delivery 

was estimated at  €2602. From neonatal perspective the cost to prevent one 

case of metabolic acidosis was €14 509. Over the long-term, STAN becomes a 

dominant (cost-saving) strategy if >1% of the patients exposed to metabolic 

acidosis acquire CP.

Conclusions

Our study suggests that STAN, when compared to EFM alone, can be a cost-

effective strategy from both a maternal and neonatal perspective. 
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INTRODUCTION

Perinatal metabolic acidosis is associated with long-term developmental 

complications like cerebral palsy (CP).1 This is a condition with substantial 

consequences on quality of life, but which also impacts healthcare and societal 

costs. Calculations from a Danish national CP register estimating a life time 

additional cost of €860 000 for men and €800 000 for women with the societal 

cost components representing the largest proportion.2 Electronic foetal 

monitoring (EFM) is worldwide the primary method for foetal surveillance 

during labour and used to prevent metabolic acidosis by identifying foetuses 

at risk of metabolic acidosis. However, EFM alone has shown many false positive 

results with a subsequent increase in instrumental vaginal and operative 

deliveries without an improvement of foetal outcome.3

A relatively new technique, consisting of a combination of EFM and non-invasive 

ST-analysis  (STAN) of the foetal electrocardiogram (STAN method, Neoventa 

Medical, Gothenburg, Sweden), has been suggested as an improvement relative 

to the EFM method alone for preventing perinatal metabolic acidosis.3–5 An 

Individual Patient Data Meta-analysis (IPD) of Schuit et al., has indeed shown 

benefits of STAN, by significantly reducing the rates of foetal blood sampling 

(FBS) and instrumental vaginal deliveries when compared to EFM alone.6 

However, although the findings suggested a possible reduction in metabolic 

acidosis, this was not statistically significant. Based on these inconclusive 

findings alone, it is difficult to decide whether the introduction of STAN would 

be a cost-effective strategy from the maternal and/or neonatal perspective. 

Two previously published cost-effectiveness studies on EFM versus STAN were 

either based on outdated data or based on a single randomize trial and did not 

have relevant impact on present clinical decision-making.7,8 In contrast, the IPD 

of Schuit et al., analysed individual data from four randomised trials providing 

more reliability and statistical power. If these data, together with new evidence 

on the association between metabolic acidosis and CP, were modelled in a 

cost-effectiveness assessment of STAN compared to EFM alone, these results 

would be helpful to guide medical decision-making. 

We aimed to answer the following question: is the use of STAN during labour, 

when compared to EFM alone, a cost effective strategy from both the maternal 

(short term) and  neonatal (long term) perspective? 
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METHODS

To conduct our cost-effectiveness analysis comparing STAN with the EFM 

(alone) strategy for foetal monitoring during labour we used the results from 

an IPD meta-analysis that analysed data from 12 987 women and their newborn 

infants.6 In short, this IPD concluded that the use of STAN resulted in a reduction 

in the frequency of instrumental vaginal deliveries (RR 0.90; 95% CI, 0.83-0.99) 

and foetal blood samples (RR 0.49; 95% CI, 0.44-0.55) when compared to EFM 

alone. Caesarean delivery rates were comparable between both groups. The 

risk for metabolic acidosis was reduced (RR 0.76; 95% CI, 0.53-1.10), but not 

statistically significant. 

In this cost-effectiveness study, two models were created: one model from a 

maternal perspective and the other from a neonatal perspective. The maternal 

model (Figure 1) focused on the difference in mode of delivery (vaginal/

instrumental/caesarean section) as most important outcome for the short-term 

cost-effectiveness. The neonatal model (Figure 2) focused on the differences in 

metabolic acidosis –and its relationship to CP– as the most relevant outcome 

to estimate the long-term cost-effectiveness. 

To calculate cost-effectiveness, information on probabilities, costs and effects 

measures are needed. We used the Consolidated Health Economic Evaluation 

Reporting Standards (CHEERS) statement for reporting health economics.9 

Details on the measures used for each of the models are reported below.

Probabilities

For the maternal model differences in probability (risk) on the need for FBS and 

mode of delivery between the STAN and EFM groups reported in the IPD study 

of Schuit et al. was used (Table 1).

For the neonatal model difference in occurrence of metabolic acidosis reported 

in the IPD study of Schuit et al. was used. The review of Ellenberg et al. provided 

estimates of the difference in occurrence of CP related to metabolic acidosis.10 

This review included a population of term pregnancies (like the IPD of Schuit 

et al.) but concluded that the literature is not consistent on the proportion of 

CP with metabolic acidosis as a precursor. In the reviewed articles, metabolic 

acidosis was found to be the cause of CP in 3% to 50% of the patients. Therefore, 

instead of choosing a single point estimate as a probability of CP in relation to 
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Figure 1. Decision model short term (maternal) analysis

Figure 2. Decision model long term (neonatal) analysis
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metabolic acidosis, we used a range of probabilities from 3% to 50% in the model. 

The reported prevalence of CP of 2.11 per 1000 live births (95% CI 1.98 – 2.25) in 

the general population was used to estimate the absolute number of patients 

with CP in the model.11 These data allowed us to estimate the distribution of CP 

after exposure or non-exposure to metabolic acidosis (Table 1). 

Table 1. Probabilities for maternal and neonatal outcomes for electronic foetal monitoring (EFM) and 
ST-analysis (STAN)6 

Probabilities (95% CI)

EFM EFM+STAN

Vaginal delivery 0.7407 (0.7298-0.7513) 0.7561 (0.7455-0.7665

Instrumental vaginal delivery 0.1406 (0.1323-0.1494) 0.1261 (0.1182-0.1345)

Caesarean section 0.1185 (0.1107-0.1266) 0.1177 (0.1100-0.1258)

Foetal blood sample 0.1456 (0.1371-0.1544) 0.07050 (0.0644-0.0770)

Acidosis 0.0113 (0.0089-0.0142) 0.0087 (0.0066-0.0113)

CP, metabolic acidosis 0.00409 – 0.09340* 0.00409 – 0.09340*

CP, no metabolic acidosis 0.00107 – 0.00207* 0.00107 – 0.00207*
*Calculation as the result of combining the probability of Cerebral Palsy (CP) after exposure to metabolic 
acidosis (range 3% to 50%)10 taking into account the prevalence of CP (2.11 per 1000 live births) in the 
general population.11

Outcome/effect measures

For the maternal model we used mode of delivery (vaginal/instrumental/

caesarean section) as the most important short term maternal outcome. We 

assumed that a vaginal delivery is the preferable maternal outcome when 

compared to instrumental delivery and/or caesarean section. This effect 

measure was used to calculate the costs to prevent one instrumental delivery 

and/or caesarean section related to STAN or EFM. 

For the neonatal model, we used two effect measures. The first effect measure: 

the number of neonates born with metabolic acidosis related to STAN or 

EFM, was used to calculate the costs to prevent one metabolic acidosis for 

both strategies. Furthermore we used quality adjusted life years (QALY) as the 

second long-term effect measure. The QALY were calculated by multiplying the 

reported utilities (explained below) of CP with the life expectancy of CP. 

Utilities: Utilities are a universally used measure representing the strength of 

individual preferences for specific health-related outcomes using standardized 

methods.12 After a literature search on Pubmed we found two articles reporting 
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utility scores for CP patients. Rosebaum et al. reporting mean Health Related 

Quality of Life (HRQoL) of an adolescent population with CP based on the 

Health Utilities Index, Mark 3 (HUI3)13; and Young et al. reporting QoL scores 

of a combined population of young and adult CP patients with mild and 

moderate CP.14 In our base case analysis we used the average of the reported 

utilities (respectively 0.42 and 0.36) of these two articles.

 

Life expectancy: Strauss et al. reported crude death rates of CP patients stratified 

by age and severity of disease.15 We calculated the average crude death rate 

per age category. The crude death rates of the general population were derived 

from the Centraal Bureau voor de Statistiek (CBS), the ‘Statistics Netherlands’ 

based on the year 2012.16

QALY: In the general population the quality of life decreases with age.17 However, 

no age-dependent QALY of CP patients have been reported in the literature. 

We therefore performed our own calculations to establish an age-dependent 

QALY of CP patients (table and example of calculation provided in Appendix A). 

Costs

Cost related to EFM of STAN monitoring, delivery and CP are listed in Table 

2. All reported costs were converted to 2012 euros using the consumer price 

index of the Netherlands. For the short-term costs in the maternal model we 

used the upstream costs of FBS and the use of EFM and STAN. For the long-

term cost in the neonatal model we used the downstream costs of CP. To our 

best knowledge the lifetime costs of CP are approximated by studies from the 

United States, which report lifetime costs of CP from societal perspective, and 

one recent study from Denmark who considered both health and social care 

costs. We therefore used the Danish study; the authors also kindly supplied us 

with their raw data. This Danish study estimated an average lifetime cost (till 

the age of 70) of a person born in 2000 of €830 000.2 Using the raw data of 

this study we were able to calculate the costs based on a discount rate of 3.5% 

according to the National Institute of Health and Care Excellence guidelines18 

and simulate a cohort of patients with CP using crude death rates of patients 

with CP. As the lifetime costs of patient with CP were calculated in comparison 

with the lifetime costs of a person in the general population, people without 

CP were reported as a lifetime cost equal to zero. 
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Analysis

In the maternal model we performed a cost-effectiveness analysis to estimate 

the costs of the prevention of one instrumental delivery. In the neonatal model, 

a Markov model was used in order to account for the life expectancy of patients 

with CP and the general population. Both cost-effectiveness analyses were 

performed using TreeAge Pro 2009 (Williamstown, MA).

Table 2. Cost: unit of resource use, unit cost and valuation method (2012 euros)

Unit Unit cost Valuation method

Monitoring costs 8

  STAN + CTG Unit € 50 Bottom-up

  CTG Unit € 11 Bottom-up

  Foetal blood sampling Procedure € 17 Bottom-up

Delivery costs 8

  Caesarean section Procedure € 2064 Top-down calculation

  Instrumental delivery Procedure € 1382 Top-down calculation

 Spontaneous vaginal delivery Procedure € 1170 Top-down calculation

Costs cerebral palsy 2

  Cerebral Palsy* Lifetime cost € 1062732 Bottom-up
* These lifetime costs were calculated at a discount rate of 5%, using the consumer price index of 
2000. The average lifetime costs of CP patients were compared with those of the general population. 
Therefore, we use
 € 0 as lifetime cost for the general population.

Sensitivity analysis

The robustness of our findings was evaluated with multiple univariate 

sensitivity analyses. In four models we examined the influence of differences 

in the probabilities and costs. Model 1 and 2 assessed the impact of different 

probabilities for vaginal instrumental delivery and metabolic acidosis by using 

the 95% confidence intervals reported in the IPD meta-analysis of Schuit et al.6 

Model 3 and 4 assessed the impact of an decreased (-25%) or increased (+25%) 

costs difference between STAN and EFM.

RESULTS

The results from our cost-effectiveness analysis comparing STAN with EFM 

using the neonatal model showed that metabolic acidosis is reduced from 

1100 to 900 per 100 000 newborns when a STAN based strategy is followed. The 
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average costs of STAN are €38 higher when compared to EFM alone resulting 

in a cost to prevent one case of metabolic acidosis of €14 509. In the maternal 

model we found a reduction of instrumental deliveries of 1.5% in favour or 

STAN. The costs to prevent one instrumental delivery was estimated at €2602. 

Long-term cost-effectiveness

The long-term cost-effectiveness model of STAN compared to EFM only show 

different results depending on the probability of CP after enduring metabolic 

acidosis. When the lower boundary is used (probability of 0.5%) we found 

a costs per QALY gained  of €95 308. In that case, STAN is cost-effective at a 

willingness to pay (WTP) above € 95 308. When the upper boundary is used 

(probability of 9.3%) we found a net benefit of €6025 per QALY, resulting in 

a dominant cost-effective strategy of STAN (i.e., the use of STAN has a higher 

health effect and has a cost-saving effect at the same time, when compared to 

EFM alone). We found a break even point at a probability of 1.3% of CP after 

enduring metabolic acidosis, meaning that STAN becomes the dominant foetal 

monitoring strategy if ≥1.3% of the patients exposed to metabolic acidosis 

obtain CP. A WTP of €20 000 would correspond to a probability of CP after 

metabolic acidosis of 1.0%. 

Sensitivity analyses

The univariate sensitivity analyses shows that the costs to prevent one 

instrumental delivery vary between €1951 and €3252 when using different 

assumptions. The costs to prevent metabolic acidosis vary between €10 882 

and €18 136 (Table 3).  

Table 3. Sensitivity analysis (2012 euros)

Model Description Costs to prevent 
one instrumental 
delivery

Costs to prevent 
one metabolic 
acidosis

0 Base case €2 602 €14 509

1 Probability of instrumental delivery  
(lowest value of 95% CI) 

€2 675 €16 401

2 Probability of instrumental delivery  
(highest value of 95% CI)

€2 532 €13 008

3 Cost difference EFM and STAN (decrease of 25%) €1 951 €10 882

4 Cost difference EFM and STAN (increase of 25%) €3 252 €18 136
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DISCUSSION

This study suggests that STAN, when compared to EFM alone during labour, 

can be a cost-effective strategy from both a maternal (short-term) and 

neonatal (long-term) perspective. At short-term we found a costs to prevent 

one instrumental delivery of €2602. This means that STAN requires a small 

investment to realize the health gain (prevention of instrumental delivery). It 

is up to society if it is willing to pay the costs (WTP). For the long-term, STAN 

is likely to be a cost-saving strategy, but this is depends on the association 

between metabolic acidosis and CP. We found a cost to prevent one metabolic 

acidosis of €14 509. STAN becomes a cost-effective strategy if ≥1.0% of the 

patients exposed to metabolic acidosis acquires CP. When tested in sensitivity 

analysis, our findings are robust for different assumptions in probabilities and 

costs. 

A limitation of our study can be found in the neonatal model that uses a 

non-significant difference of metabolic acidosis between the STAN and EFM 

groups found in the IPD analysis of Schuit et al. We think however that this 

non-significance can be related to an underpowered IPD study due to the low 

incidence of the outcome. We performed a power calculation showing that the 

difference in metabolic acidosis would become significant at α 0.05 if 24 561 

patients per group were included. As this was not the case in this IPD analysis, 

we can assume that the found difference is not significant possibly due to lack 

of power. This lack of power however can affect the generalizability of the 

results due to the higher uncertainty on the ‘real’ effect of STAN and therefore 

the possible over- or underestimation of the cost-effectiveness of STAN. 

Second, the lack of consistent literature reporting the strength of association 

between metabolic acidosis and the risk of developing CP limits the long-term 

cost-effectiveness analysis towards a more explorative (using ranges) rather 

than conclusive analysis. 

This analysis supports the use of STAN as a cost-effective device for at least 

the maternal short-term perspective by reducing the number of instrumental 

deliveries. This short term economic benefit can also have long-term 

consequences. By reducing the number of instrumental delivery, there should 

be a decrease in third- and fourth-degree perineal tears.  This implies less 
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costs regarding perineal repair on the operation room, but also the risks for 

a repeated perineal tear, or delivery by caesarean section in next pregnancy. 

The economic consequences of this potential reduction were not taken into 

consideration in our analysis due to the fact that the outcome ‘perineal tear’ 

was not reported in the IPD meta-analysis of Schuit et al.6 

The results of our cost-effectiveness analysis are consistent with the conclusions 

of previous cost-effectiveness reporting.7,8 However, both of these analyses 

were restricted to the neonatal perspective. To date several STAN trials have 

been performed, but none of them have had mayor impact on the clinical 

implementation of STAN. This is possibly explained by the fact that STAN has not 

been proven to reduce the rate of metabolic acidosis at a statistically significant 

level. Also, the reporting on the relationship between metabolic acidosis and 

development of CP is still very heterogeneous. In order to prove the long-term 

cost-saving benefit of STAN due to effective CP prevention, long-term follow-

up data of these randomized trials of STAN compared to EFM alone should 

be collected. Until that data becomes available, our cost-effectiveness study 

motivates the clinical implementation of STAN  from maternal perspective (i.e., 

reduction of instrumental deliveries at a small investment). 

CONCLUSION

The use of STAN during labour can reduce the number of metabolic acidosis 

and instrumental deliveries at a small investment when compared to EFM alone. 

In the long-term, STAN is a cost-saving strategy when the risk of developing 

cerebral palsy is >1% for patients exposed to metabolic acidosis at birth. 
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Appendix A.  Quality Adjusted Life Years of patients with cerebral palsy and general population.17

Age General population Patients with CP

General population < 30Y 0.90 0.36

General population 30 - 39 Y 0.88 0.35

General population 40 – 49 Y 0.87 0.35

General population 50 – 59 Y 0.85 0.34

General population 60 – 69 Y 0.82 0.33

General population 70 – 79 Y 0.78 0.31

General population > 80 Y 0.69 0.28

An example of the formula used to calculate the QALY of a 40 year-old CP 

patient is shown below.7 

UsevCP

QALY sevCP X  UGeneral 40   X 1 year

UGeneral ≤30

=
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