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Abstract

Objective To assess the cost-effectiveness of addition of ST analysis of the fetal electrocardiogram (ECG; 

STAN®) to cardiotocography (CTG) for fetal surveillance during labor compared with CTG only. 

Design Cost-effectiveness analysis based on a randomized clinical trial on ST analysis of the fetal ECG. 

Setting Obstetric departments of three academic and six general hospitals in the Netherlands. 

Population Laboring women with a singleton high-risk pregnancy, a fetus in cephalic presentation, a 

gestational age above 36 weeks and an indication for internal electronic fetal monitoring. 

Methods A trial-based cost-effectiveness analysis was performed from a health-care provider 

perspective. 

Main outcome measures Primary health outcome was the incidence of metabolic acidosis measured 

in the umbilical artery. Direct medical costs were estimated from start of labor to childbirth. Cost-

effectiveness was expressed as costs to prevent one case of metabolic acidosis. 

Results The incidence of metabolic acidosis was 0.7% in the ST-analysis group and 1.0% in the CTG-only 

group (relative risk 0.70; 95% confidence interval 0.38-1.28). Per delivery, the mean costs per patient of 

CTG plus ST analysis (n = 2827) were €1345 versus €1316 for CTG only (n = 2840), with a mean difference 

of €29 (95% confidence interval - €9 to €77) until childbirth. The incremental costs of ST analysis to 

prevent one case of metabolic acidosis were €9667.

 

Conclusions The additional costs of monitoring by ST analysis of the fetal ECG are very limited when 

compared with monitoring by CTG only and very low compared with the total costs of delivery. 

Introduction

In recent years, a new method for intrapartum fetal monitoring has been introduced, in which 

cardiotocography is combined with ST analysis of the fetal electrocardiogram. This technique detects 

changes in the ST-segment of the fetal electrocardiogram (ECG), which are related to metabolic acidosis, 

and are interpreted together with the CTG.1-3 

Until now, four randomized trials have been performed to compare intrapartum fetal monitoring by 

CTG plus ST analysis with CTG only.4-8 The two largest studies have shown that monitoring by CTG plus 

ST analysis decreases the incidence of metabolic acidosis, the number of instrumental deliveries for fetal 

distress, and the proportion of infants born with encephalopathy, compared with CTG only.4-6 However, 

in both studies4-6 fetal blood sampling (FBS) was performed equally in the two study groups. In two 

smaller trials, the improvement in neonatal outcome as reported in the two largest trials could not be 

confirmed, but in both trials the incidence of FBS in the CTG plus ST-analysis group was significantly 

lower .7,8 

In view of this controversy, we recently performed a large multicenter randomized clinical trial to 

evaluate the effectiveness of monitoring by CTG plus ST analysis compared with CTG only, using a strict 

protocol for the performance of FBS.9 The results of this Dutch trial demonstrated that addition of ST 

analysis of the fetal ECG to surveillance with CTG during labor did not significantly reduce the number of 

newborns with (metabolic) acidosis. Also for Apgar scores, neonatal admissions or operative deliveries 

no differences were found. These results were achieved with a significantly lower incidence of FBS in the 

group monitored by CTG plus ST analysis.10,11 

As the use of ST analysis thus provides no significantly more effective strategy to prevent acidosis 

calculated in the extracellular fluid compartment, it is important to assess the economic consequences, 

e.g. increase in monitoring costs, of its introduction. 

This study reports the cost-effectiveness analysis that was performed alongside the Dutch ST-analysis 

trial.10

Material and Methods

Trial design

Full details of the ST-analysis trial have been reported elsewhere.9-11 The STAN trial (trial register number 

ISRCTN95732366) was approved by the Institutional Review Board of the University Medical Centre 

Utrecht and had local approval from the Boards of the other participating hospitals. 

In short, the study was a multicenter randomized clinical trial in obstetric departments of three academic 

and six general hospitals in the Netherlands, conducted between January 2006 and July 2008. Laboring 

women aged 18 years or older with a singleton high-risk pregnancy, a fetus in cephalic presentation, a 

gestational age above 36 weeks and an indication for internal electronic fetal monitoring were randomly  

allocated by block randomization to either monitoring by CTG plus ST analysis of the fetal ECG (index 

group) or CTG only (control group). 
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In women assigned to the index group, a scalp electrode was applied to the fetal head and connected 

to a STAN® fetal heart monitor (Neoventa Medical, Gothenburg, Sweden), allowing both for registration 

of the CTG and ST analysis of the fetal ECG. Performance of fetal blood sampling (FBS) was restricted 

to three situations.9-11 Further clinical management was supported by the computerized automatic ST-

interval assessment, the ST log and the STAN® clinical guidelines.9 In women assigned to the control 

group, a scalp electrode was applied to the fetal head and connected to a conventional fetal heart rate 

monitor. The CTG was classified and interpreted according to the STAN® clinical guidelines. Fetal blood 

sampling was performed on indication by the obstetric caregiver in case of an intermediary or abnormal 

CTG trace. Clinical decisions were based on CTG and/or FBS results.

The primary outcome of this trial was the incidence of metabolic acidosis, defined as an umbilical 

cord artery pH below 7.05 and a base deficit calculated in the extracellular fluid compartment (BDecf ) 

above 12 mmol/L. Secondary outcomes included metabolic acidosis according to pH and base deficit 

calculated in blood (BDblood), FBS, mode of delivery, Apgar score, hypoxic ischemic encephalopathy, 

neonatal admission to a Medium Care Unit or Neonatal Intensive Care Unit (NICU). 

In total, 5200 women had to be randomized to statistically demonstrate a risk reduction of metabolic 

acidosis (based on BDecf ) from 3.5 to 2.1%. 

Economic evaluation 

A cost-effectiveness analysis was performed alongside the trial, using a health care perspective and a 

time horizon between randomization and childbirth. All unit costs were translated to 2007 Euros using 

the consumer pricing index. 

Health care utilization was documented in the Case Record Form (CRF) for the following items: scalp 

electrodes used for fetal monitoring, use of FBS, mode of delivery, medication, length of stay at 

neonatal wards and NICUs. Costs associated with health care utilization for each item were calculated 

by multiplying volumes of resource use by unit costs for that item. Different methods and sources 

were used to estimate unit costs (Table 1). For ST analysis, a bottom-up costing approach was 

used, incorporating purchase prices and maintenance costs of STAN® equipment, training costs for 

obstetricians and midwives, and taking into account capacity and quantity of the equipment and the 

number of deliveries in each hospital. We used estimates based on top-down costing available from the 

financial departments (for different modes of delivery), purchase prices (for FBS and scalp electrodes), 

prices reported in the Pharmacotherapeutic Compass12 for medication costs, and Dutch standardized 

prices13 for all other units of health care utilization. 

Table 1: Cost-analyses: units of resource use, unit costs, valuation method and volume source

  Unit  Unit cost
 (€)

Valuation 
method (source)

Volume source 

Specialist care

Gynecologist Hour 69 Dutch costing guidelines Annual reports

Midwife Hour 34 Dutch costing guidelines Annual reports

Resident, general Hour 28 Dutch costing guidelines Annual reports

Resident, academic Hour 30 Dutch costing guidelines Annual reports

Pediatrician Hour 69 Dutch costing guidelines Annual reports

Labor

Fetal blood sampling Procedure 15 Bottom-up calculation CRF

Electrodes Unit 7 Bottom-up calculation CRF

Oxytocin augmentation Dose 1 Pharmacotherapeutic website CRF

Antibiotic treatment during labour Dose 31 Top-down calculation CRF

Anesthesia

  Pethidine Dose 1.10 Top-down calculation CRF

  Epidural/ spinal Dose 161 Top-down calculation CRF

Intrapartum fetal monitoring

ST analysis Delivery 45 Bottom-up calculation Annual reports

Cardiotocography Delivery 10 Bottom-up calculation Annual reports

Type of delivery

Cesarean section* Delivery 1 874 Top-down calculation CRF

Instrumental vaginal delivery 
(vacuum/forcipal extraction)*

Delivery 1 255 Top- down calculation CRF

Spontaneous delivery* Delivery 1 062 Top-down calculation CRF

Episiotomy* Delivery 150 Top-down calculation CRF

* the mean of the unit cost for an academic hospital and for a general hospital is presented

CRF= Case Record Form

Analyses

Mean costs per patient for each study group, and mean differences in costs between study groups were 

estimated. Cost-effectiveness is calculated as the ratio of differences in costs and differences in the health 

outcome, and expressed as the incremental cost-effectiveness ratio. In this study, the incremental cost-

effectiveness ratios were calculated by dividing the difference in costs by the difference in proportion 

of children with metabolic acidosis, and can be interpreted as the costs needed to prevent one case of 

metabolic acidosis. The 95% confidence intervals around the differences in mean costs, and incremental 

cost-effectiveness ratios were determined by bootstrapping.14
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Robustness of the findings to assumptions and unit cost estimates were evaluated in sensitivity analyses. 

We performed five univariate sensitivity analyses, in which one factor at the time was varied.  First, we 

assessed the impact of varying the depreciation years (five or 10 years) and the number of devices 

needed per centre (three or five) on the final results (model 1). Second, we examined the impact of 

varying the amount of hours spent on training or completely excluding training costs in the ST-analysis 

unit costs (model 2). Third, we examined the impact of varying unit costs for fetal blood sampling 

(model 3). Fourth, we examined the cost differences between both groups if the postpartum stage was 

included (model 4), instead of comparing only costs generated between moments of randomization 

until childbirth, i.e. measurement of the primary outcome (cases with metabolic acidosis). Finally, the 

impact of an alternative definition of metabolic acidosis (umbilical cord-artery pH < 7.05 and BDblood 

> 12 mmol/L), was examined (model 5). Statistical, economic and sensitivity analyses were performed 

using SPSS software (version 16.0 SPSS Inc., Chicago, IL, USA) and Microsoft Excel. 

Results

During the trial 2832 women were allocated to the index group and 2849 to the control group. After 

randomization 14 women were excluded (five in the index group, nine in the control group), because 

they did not meet the inclusion criteria. Data for  5667 women (2827 in the index group, 2840 in the 

control group) were analyzed according to intention to treat. The flowchart and baseline characteristics 

of these women are reported elsewhere.10 There were no differences in baseline characteristics between 

the two groups.

Analysis of the clinical trial data showed that FBS was performed less frequently in the index (10.6%) than 

in the control group [20.4; relative risk (RR) 0.52, 95% confidence interval (CI) 0.46-0.59). The incidence of 

the primary outcome metabolic acidosis was lower in the index group (0.7% versus 1.0%; RR 0.70, 95% CI 

0.38- 1.28)). When metabolic acidosis was analyzed according to pH and BDblood, these rates were 1.5 

and 2.3%, respectively (RR 0.63, 95% CI 0.42-0.94). The number of operative deliveries, low Apgar scores, 

neonatal admissions and newborns with moderate or severe hypoxic ischemic encephalopathy was 

comparable in both groups.10,11 

The number of patients using care, total costs in each study group, and average costs per patient are 

presented in Table 2. Mean costs per patient in the index group were €1345 (95% CI €1013-€2115) and 

€1316 for the control group (95% CI €978-€2 080). Mean costs per patient were €29 (95% CI -€9 to €77) 

higher in the index group compared with the control group. This difference was mainly due to the use of 

STAN® equipment and accompanied training. Costs generated by spontaneous deliveries and deliveries 

by cesarean section were somewhat higher in the index group, whereas costs generated by vaginal 

instrumental deliveries were higher in the control group. 

With an estimated difference in incidence of metabolic acidosis between the two groups of 0.3% in favor 

of ST analysis, and a mean difference in costs per patient of €29 in favor of CTG only, costs to prevent one 

case of metabolic acidosis are €9667.

Table 2: Number of patients using care, mean costs per patient and total costs (2007 Euros)

    
Index group

(n=2827)
  

Control group
(n=2 840)

 

 
 

Unit

% 
patients

using 
care

Total
costs (€)

Mean
costs 
pp (€)

% 
patients

using 
care

Total 
costs (€)

Mean 
costs 
pp (€)

Difference
(ST-CTG)

Fetal monitoring Unit 100% 128,071 45 100% 28,866 10 35

Oxytocin augmentation Procedure 70% 1103 0.39 69% 1108 0.39 0

Medication during labor Unit 16% 905 0.32 16% 966 0.34 -0.02

Epidural anesthesia Procedure 37% 189,409 67 38% 195,960 69 -2

Spinal anesthesia Procedure 0% 0 0 0.1% 483 0.17 -0.17

Spontaneous delivery Procedure 72.1% 2,106,115 745 71% 2,084,560 734 11

Instrumental vaginal 
delivery 

Procedure 13.6% 472,109 167 15.2% 528,240 186 -19

Cesarean delivery Procedure 14.3% 760,463 269 13.8% 735,560 259 10

Episiotomy Procedure 19% 81,983 29 19% 82,360 29 0

Fetal blood sampling Unit 11% 36,186 13 20% 57,652 20 -7

Scalp electrodes Unit 100% 24,878 9 100% 22,436 8 -1

Total costs  3,801,222 1345 3,738,191 1316 29

Costs results appeared to be sensitive for variations in training costs (model 2). If training was completely 

excluded or only eight training hours per health-care provider were assumed, mean costs of the index 

group, costs differences and costs per prevented case decreased substantially. On the other hand 

if more training hours were assumed (40 hours instead of 20 as assumed in the base-case analysis) 

patients in the index group generated more costs and the costs needed to prevent one case increased 

(model 2).  The costs to prevent one case (€9667) were not sensitive for changing the FBS unit costs 

(model 3). If postpartum costs (e.g. maternal and neonatal admissions) were included in the analysis, 

costs per patient would be doubled. In the index group, three NICU admissions exceeded duration 

of 30 days. This greatly impacts the results if postpartum costs are included (model 4). We therefore 

examined the impact after exclusion of these three exceptional admissions. As can be seen from Table 

3 (model 4), the cost difference decreased to €17 and ST analysis became more cost-effective (€6241 to 

prevent one case of metabolic acidosis). As can be expected, the estimated cost-effectiveness was very 

sensitive for changing effectiveness rates. If we assumed 0.9% difference in the incidence of metabolic 

acidosis in favor of the index group, ST analysis became more cost-effective (€3222 to prevent one case 

of metabolic acidosis). Assuming an effectiveness difference of 0.1% in favor of ST-analysis, the costs to 

prevent one case of metabolic acidosis rose to €29,000 (model 5). 
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Table 3: Results of sensitivity analyses

Model Description Mean costs 
per patient 

index

Mean costs 
per patient 

control

Index 
minus 

control

Costs to prevent one 
case of metabolic 

acidosis
0 Base-case scenario € 1 345 € 1 316 € 29 €9 667

1
 

Changing years of depreciation and 
number of equipment needed per 
center 
 5 years and 5 devices
 10 years and 3 devices                                                                        

€ 1 363
€ 1 340

€ 1 325
€ 1 314

€ 38
€ 26

€ 12 723
€ 8 633

2 STAN® training costs
 Exclusion
 8 hours (only introduction day)
 40 hours (introduction and 4 days)

€1 321
€1 331
€1 365

€1 316
€1 316
€1 316

€ 5
€ 14
€ 48

€1 464
€ 4 759
€16 138

3 Changing unit costs of FBS 
 €6 (capillaries only)
 €32 (personnel costs included)

€1 337
€1 359

€1 304
€1 339

€ 33
€ 20

€ 10 950
€ 6 616

4 Postpartum costs 
 Inclusion all postpartum costs
 Exclusion of three long NICU       
admissions (>30 d) in index 
group

€2 634
€2 569

€2 552
€2 552

€ 82
€ 17

€ 29 571
€ 6 241

5 Difference in % prevented cases of 
metabolic acidosis 
 0.9%
 0.1%                                           

€1 345
€1 345

€1 316
€1 316

€ 29
€ 29

€ 3 222
€ 29 000

Discussion

This study assessed the economic consequences of two strategies of intrapartum fetal monitoring 

in high-risk pregnant women with an indication for internal electronic fetal monitoring, CTG plus ST 

analysis of the fetal ECG or CTG alone, from a health care point of view. This analysis was part of the Dutch 

trial on ST analysis of the fetal ECG,10,11 and to our knowledge, the first randomized trial-based economic 

evaluation. We showed that mean costs per patient are not significantly higher when monitoring by CTG 

plus ST analysis as compared with CTG only (mean difference  €29; 95% CI -€9 to €77) is used. 

The results of one of our sensitivity analyses showed that cost differences and costs needed to prevent 

one case of metabolic acidosis are highly influenced by assumptions regarding the number of training 

hours necessary for working with the STAN® equipment, which is an important aspect of the STAN® 

methodology. From a clinical point of view, exclusion of training and its associated costs is therefore an 

irrational assumption. However, widespread use of and experience with the STAN® method may lead to 

training of labor ward personnel in an informal clinical setting or in the long run during education, which 

may limit the need for formal training sessions and associated costs. This would imply even smaller 

cost differences between ST analysis and CTG. Training costs were not included in the CTG-only group 

because it is assumed working with CTG is common practice for labor ward personnel.    

The time horizon used in this cost-effectiveness analysis has been limited to the stage between 

moment of randomization and childbirth. This decision was made because it is common practice to 

consider costs generated after that period as double counting due to the inclusion of consequences 

of the primary outcome (e.g. admissions because of metabolic acidosis).15 In the base-case scenario 

costs associated with maternal and neonatal postpartum admissions were therefore not included. 

Including these postpartum costs would greatly impact the results, as can be seen from the sensitivity 

analyses (model 4). In the trial, no significant difference was found in the number of total neonatal 

admissions or admissions to a NICU, but in the group monitored by ST analysis three NICU admissions 

exceeded duration of 30 days. Logically, these exceptional cases would greatly impact the results of a 

cost- effectiveness analysis if postpartum costs are included. However, the causes of these prolonged 

admissions were in no way related to intrapartum fetal monitoring or ST analysis in particular. Therefore, 

including these three cases in an analysis would provide distorted results.

The primary outcome in the trial was metabolic acidosis based on calculation of a base deficit value 

in the extracellular fluid compartment of umbilical cord blood , since this seems to best reflect the 

true metabolic component of acidosis.16,17 However, blood gas analyzing devices in clinical practice 

often provide base deficit values that have been calculated in blood instead of BDecf. We therefore also 

performed a cost-effectiveness analysis for this secondary trial outcome, since results of this analysis 

may better apply to current practice. Although the absolute costs associated with ST analysis and CTG 

are comparable, ST analysis is much more cost-effective when metabolic acidosis based on pH and 

BDblood instead of BDecf is used as the outcome. In contrast, if ST analysis would be less effective than 

assumed in the base-case analysis and costs were not changed, this also would greatly impact the cost-

effectiveness. Both from a clinical perspective as an economic point of view, it may be important to be 

aware that the definition of the clinical end-point substantially affects the outcomes.  

Recently, the cost utility of CTG plus ST-analysis versus CTG only was compared by integrating lifelong 

outcomes and costs.18 The authors concluded that ST analysis resulted in a gain of 0.005 quality adjusted 

life years (QALYs) and a reduction in costs of €56 per patient; therefore ST analysis was the dominating 

strategy over CTG only. That model based study, using quality-adjusted life years as health outcome, 

demonstrated that CTG plus ST analysis is a cost-effective strategy, because short-term costs associated 

with ST analysis are offset by long-term savings due to prevented cases of cerebral palsy. However, the 

input parameters were derived from the literature, instead of being primarily based on observed clinical 

trial results.        

In the present study we used a relatively short horizon to evaluate cost-effectiveness. This was explicitly 

done because detailed information was available on both costs and effects from the same, large 

randomized trial. On the other hand, in future research it would be interesting and necessary to include 

long- term effects and costs as well. One of the most important health consequences of metabolic 

acidosis may be the development of cerebral palsy, although existing literature about the association 

between cord pH and adverse outcome is not straightforward.19 A previous cost-of illness study showed 

that the mean annual societal cost of intractable spastic cerebral palsy in children was €40 265.20 
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Recently a Danish study group published lifetime cerebral palsy costs of €860 000 for men and €800 000 

for women.21 Hypothetically, in the long term, introducing ST analysis may result in cost savings due to 

prevented cases of cerebral palsy; however, this remains to be proved. A two-year follow-up study was 

initiated by our study group. In future research, societal long-term costs of cerebral palsy cases due to 

metabolic acidosis should be estimated by extrapolating our primary trial data, including the follow-up.

In conclusion, when using a short time-horizon the additional costs of monitoring by ST-analysis of the 

fetal ECG are very limited when compared to those of CTG only and very low compared to the total 

costs of labor. 
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