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Abstract

Objective To examine long term maternal and neonatal outcomes and costs of planned caesarean 

section (CS) versus planned vaginal birth (VB) in women with a breech pregnancy at term. 

Study design A model-based cost-utility analysis was performed comparing planned VB with planned 

CS including outcomes of subsequent pregnancies. This was done for a hypothetical cohort of 1000 

nulliparous women with a singleton fetus in breech presentation at term. The average subsequent 

pregnancy rate was set at 1.28, resulting in a cohort of 2280 pregnancies simulated in the model. The 

main outcome measures were maternal and neonatal morbidity and mortality, quality-adjusted life-years 

(QALY), costs and incremental cost-utility ratios (ICUR). Univariate sensitivity analyses were performed to 

determine key parameter uncertainty. 

Results The planned CS strategy reduced the neonatal complications by 0.9% and the neonatal 

mortality by 0.4% at the expense of 28% more CS, 2.6% more maternal complications, and 300,000 euro 

more costs. Combining the results of the maternal and neonatal model, incremental cost-effectiveness 

ratio of the planned CS strategy was estimated at € 561 per QALY gained. 

Conclusion When both short and long term reproductive prospects are considered, planned CS is a 

cost-effective strategy in breech presentation at term.

Introduction 

About 3 to 4% of all term pregnancies are breech presentations. The debate on whether women with a 

breech presentation should deliver vaginally or by caesarean section (CS) was much influenced by the 

Term Breech Trial (TBT).1 This randomized controlled trial showed that six weeks after delivery neonatal 

mortality and morbidity were significantly lower in the planned CS group compared to the planned 

vaginal birth (VB) group. Maternal mortality and morbidity was not significantly different.1 

Forty-four percent of the initial population was included in the two year follow-up study and no 

differences were found in the combined score of neonatal mortality or neurodevelopment delay at 

the age of two.2 Yet, the authors did mention in their discussion that the follow-up was underpowered 

to detect a significant difference in mortality, as was seen in the initial study. Concerning maternal 

outcomes at two years after delivery there was significantly less constipation within the planned VB 

group.3,4  

Palencia and others published a costs analysis of the TBT and compared costs of planned CS to those of 

planned VB in breech presentation at term.5 However, this analysis was limited to short term projections, 

as a planned CS has also implications for subsequent pregnancies and deliveries. To determine the 

optimal delivery strategy for term breech presentation, the evaluation should not be limited to outcomes 

from the index pregnancy but also incorporate those from subsequent pregnancies. 

The aim of this study was to examine long term maternal and neonatal outcomes and costs of planned 

caesarean section versus planned vaginal delivery in women with a breech pregnancy at term.

Materials and methods

Model structure

Markov models were used to calculate life time health and economic consequences of a planned CS 

and planned VB of the current pregnancy and all subsequent pregnancies, integrating estimates of 

clinical outcomes, utilities and costs. These Markov models represent the process of delivery, pregnancy 

outcomes, and outcomes of subsequent pregnancies as a number of health states, where members of a 

hypothetical cohort move from one state to another according to predefined transition probabilities. We 

developed two different models to evaluate maternal and neonatal outcomes separately.

The following health states were distinguished in the maternal model: vaginal delivery without maternal 

complications (state 1), planned caesarean section without maternal complications (state 2), emergency 

caesarean section without maternal complications (state 3), vaginal delivery with maternal complications 

(state 4), planned caesarean section with maternal complications (state 5), emergency caesarean section 

with maternal complications (state 6), and maternal death (state 7), no subsequent pregnancy (state 8). 

The maternal model simulated a hypothetical cohort of 1000 nulliparous women with a live singleton 

fetus in breech presentation at term. Population characteristics within the model were based on the 

Dutch perinatal registry 2007; women entered the model with a first pregnancy at the age of 29 years, 

the number of subsequent pregnancies was set at 1.28 per woman, and the model operated in a 3-year 

cycle between subsequent pregnancies.
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The neonatal model comprised three health states: no neonatal complications (state 1), neonatal 

complications (state 2) and neonatal death (state 3). This model was constructed for a hypothetical 

cohort of 1000 children born in breech presentation and the children born from all subsequent 

pregnancies (another 1,280 children, all assumed cephalic presentations). The model operated over the 

lifetime of all children. 

Model probabilities

A literature search was performed in Medline from the years 1998 to July 2008 to estimate the model 

key parameters. Maternal complications considered were: infection, thrombotic events, uterine rupture, 

hysterectomy, blood transfusion and hemorrhage.1,3,4,6-10,13-21

Neonatal complications were defined as having one or more of the following: birth trauma, seizures, 

hypotonia, abnormal level of consciousness, Apgar< 7 at 5 min, Apgar< 4 at 5 min, cord-blood 

base deficit ≥15, cord-blood pH<7.00, intubation and ventilation, tube feeding, care in neonatal 

ICU, neurodevelopment delay at 2 years of age, respiratory distress syndrome, brachial plexus 

palsy.1,2,14-16,18,20,21,22-26 Perinatal, neonatal and maternal deaths (related to type of delivery) were modelled 

separately from the probability of complications (Table 2 and 3). 

Table 1: Method of delivery: estimated probabilities, utilities and costs

Parameter* Base-case Range# Reference

P(second child) 0.82 - (27)

P(third child) conditional of having a second child 0.35 - (27)

P(fourth, fifth etc. child) conditional of having a third child 0.39 - (27)

P(VD after CS in previous pregnancy) 0.52 - (6;9;33;34)

P(emergency CS after CS in previous pregnancy) 0.24 - (6;9;33;34)

P(planned CS after CS in previous pregnancy) 0.24 - (28-32)

P(VD after VD in previous pregnancy) 0.92 - (35)

P(emergency CS after VD in previous pregnancy) 0.04 - (35)

P(planned CS after VD in previous pregnancy) 0.04 - (35)

Costs planned CS (€) 4,974 1,202- 7,362 (6-10)

Costs VD (€) 3,537 1,063- 6,645 (6-10)

Costs emergency CS (€) 5,852 1,925- 8,061 (6-10)

Utility (VD)$ 0.92 0.90- 0.93 (6;7;36)

Utility (emergency CS)$ 0.85 0.80- 0.90 (10)

Utility (planned CS)$ 0.88 0.87- 0.90 (7;10;36)

Utility (maternal death) 0.00 (7;10;36)

* P = probability, CS=caesarean section, VD= vaginal delivery 
# derived from the literature and used for sensitivity analyses
$ Not in the base- case analysis, only used for sensitivity analysis

The chances to give birth to a second, or third child, or four or more children were collected from the 

Central Statistics Agency in The Netherlands.27 Rates of maternal and neonatal morbidity and mortality 

after a planned caesarean section, emergency caesarean section or vaginal delivery in subsequent 

pregnancies are shown in Table 2 and 3. The probabilities for subsequent children (Table 1), mode of 

delivery (Table 1), and complications (Table 2 and 3) were combined to calculate transition probabilities 

between health states in both models.

Table 2: Maternal model: estimated probabilities, utilities and costs (per 3-year cycle)

Parameter* Base-case Range# References

Age-dependant maternal mortality rates (per person per 3 
years)

0.0009- 0.0102 (27)

Probabilities concerning initial breech delivery

P (Maternal morbidity from planned CS in case of breech 
presentation)

0.134 0.096 – 0.134 (1;3;4;12)

P (Maternal morbidity from planned VD in case of breech 
presentation)

0.097 0.067 - 0.097 (1;3;4;12)

Probabilities concerning subsequent deliveries

P (Maternal morbidity from VD after a previous VD) 0.043 0.042 - 0.043 (13;17;19)

P (Maternal morbidity from planned CS after a previous VD) 0.143 0.116- 0.209 (7;10;17;18;21)

P (Maternal morbidity from emergency CS after a previous CS) 0.15 0.14 - 0.243 (7;10;17;18;21)

P (Maternal morbidity from VD after a previous CS) 0.062 0.043 - 0.068
(7;10;13;17; 

18;21)

P (Maternal morbidity from planned CS after a previous CS) 0.143 0.116- 0.209 (7;10;17;18;21)

Parameters concerning all deliveries

P (Maternal mortality due to delivery) 0.00025 0.0001-0.00038
(1;3;4; 7; 10; 18; 

20; 21;23)

Costs maternal morbidity (€) 2,270 1,644- 2,896 (6;7;10)

Utility (Maternal morbidity) 0.86 0.83 - 0.89 (6;7)

Utility (No maternal complications) 1.00 (6;7)

Utility (Maternal death) 0.00 (7)
  
* P is probability, CS is caesarean section, VD is vaginal delivery 
# derived from literature and used for sensitivity analyses
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Table 3: Neonatal model: estimated probabilities, utilities and costs (per 3-year cycle)

Parameter* Base-case Range# References

Age-dependent neonatal mortality rates (per person per 3 
years)

0.0003- 0.003 (27)

Morbidity concerning initial breech delivery

P (neonatal morbidity from planned CS in case of breech 
presentation)

0.016 0.015- 0.030 (1;2;11)

P (neonatal morbidity from planned VD in case of breech 
presentation)

0.037 0.031- 0.043 (1;2;11;12)

Morbidity concerning subsequent deliveries

P (neonatal morbidity from planned CS after a previous VD) 0.003 0- 0.009 (20;24)

P (neonatal morbidity from VD after a previous VD) 0.007 0.002- 0.01 (24;25)

P (neonatal morbidity from an emergency CS after a 
previous CS)

0.01 0.005- 0.05 (25,26)

P (neonatal morbidity from planned CS after a previous CS) 0.001 0- 0.006 (22,24)

P (neonatal morbidity from VD after a previous CS) 0.01 0.005- 0.05 (25,26)

Mortality concerning initial breech delivery

P (neonatal mortality from planned CS in case of breech 
presentation) 

0.005 0-0.006 (1;2)

P (neonatal mortality from planned VD in case of breech 
presentation) 

0.015 0-0.019 (1;2)

Mortality concerning subsequent deliveries

P (neonatal mortality from planned CS after a previous VD) 0.003 0-0.01 (14-16;18;20;21)

P (neonatal mortality from VD after a previous VD) 0.001 0- 0.006
(14-

16;18;20;21;22)

P (neonatal mortality from VD or emergency CS after a 
previous CS)

0.006 0-0.018 (14-16;18;20;21)

P(neonatal mortality from planned CS after a previous CS) 0.003 0-0.01 (14-16;18;20;21)

Parameters concerning all deliveries

Costs neonatal complications (€) 41,660 253- 64,729 (7)

Utility (Neonatal complications) 0.75 0.60- 0.90 (7)

Utility (No neonatal complications) 1.00 (7)

Utility (Neonatal death) 0.00 (7)

* P is probability  
# derived from literature and used for sensitivity analyses

Costs and utilities

To estimate costs associated with a vaginal delivery we combined estimates from several literature 

references.5-10,36 Costs were €4947 for a planned caesarean section, € 3527 for a vaginal delivery and 

€5825 for an emergency caesarean section (Table 1). Costs of maternal morbidity were estimated by 

averaging the costs associated with infection, thrombosis, uterine rupture, operative injury, maternal 

death, urinary incontinence and blood transfusion, resulting in an average cost of €2270 for maternal 

complications per 3 year cycle (Table 2).6,7,10  

For costs of neonatal complications we used the estimations of Chung et al.7 (Table 3). They distinguished 

between neonatal mild morbidity (infants who received only 2 hours of observation in the NICU, before 

being sent to the well-baby nursery), neonatal moderate morbidity (infants with principal diagnoses 

of meconium aspiration, neonatal infection/ sepsis screening, respiratory distress/failure) and neonatal 

severe morbidity (infants who suffered anoxic brain injury and permanent neurologic injury). For the 

base case analysis we used costs of neonatal moderate morbidity (€41,660 per child with complications). 

All costs were expressed in 2010 Euros using the consumer pricing index and conversion rates.37,38 

In order to quantify differences in health status, we assigned a utility value (between 0 and 1) to each 

health state. For type of delivery a utility of 1 was assumed, because the impact on quality of life might be 

minimal. The utility values due to maternal or neonatal complications were based on utilities mentioned 

by Chung et al. and Chuang et al.6,7

 

Cost-effectiveness and sensitivity analyses

For each strategy, cumulative costs, life years gained and QALYs were estimated for mothers, for children 

and for mothers and children combined. The base case analysis was performed from a health care 

perspective, using a lifetime horizon, and discounting effects and costs at respectively 1.5% and 4% per 

year. 

When a more effective strategy is associated with higher costs, an incremental cost-effectiveness ratio 

(ICER) can be calculated to assess whether the health gains are worth the extra costs. Using vaginal 

delivery as the reference strategy, the ICER represents the extra costs per QALY gained as a result of 

performing a planned caesarean section instead of an intended vaginal delivery in breech deliveries. 

Univariate sensitivity analyses were performed to determine key parameter uncertainty, using the 

ranges as found in the literature (Table 1, 2 and 3). The average reproductive period of a 29-year woman 

is approximately 11 years, therefore the life time horizon was reduced to 7 cycles (=21 years) in another 

sensitivity analysis. As mentioned before the base case analysis did not differentiate between mode of 

delivery in terms of utilities. In a sensitivity analysis we also examined the impact of assigning a different 

utility to each mode of delivery. 

In order to combine results from the maternal and the neonatal model, QALYs resulting from both 

models were added up. For the base case, we used a 1:1 ratio, assuming QALYs from mothers and 

children as equally important. A threshold analysis was performed to examine at which ratio of maternal 

and neonatal QALYs  the two strategies are equivalent in terms of health outcomes.

Scenario-analyses were performed to examine the impact of maternal starting age and number of 

preferred children. Besides that a worst case and a best case scenario was simulated using respectively 

only the most pessimistic estimates (high complication rates, high section rates, high costs and low 

utilities) and only the most optimistic estimates (low complication rates, low section rates, low costs and 

high utilities) of the ranges. Most likely estimates were used in the base-case analysis. 
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Results

Table 4 shows the results of the analyses for the hypothetical cohort of planned CS versus planned VB. 

For completeness, the table also shows clinical and economic outcomes before discounting, but we will 

only report on figures after discounting. 

In the planned CS strategy 90% of the initial births were a CS versus 43% in the planned VB strategy. The 

VBAC attempt rate was set at 76% with a success of 68% and an actual VBAC rate of 52%. The overall CS 

rate of the initial and subsequent births in the planned CS vs. VB strategy were 60% and 32% respectively. 

Therefore, the costs of delivery in the planned CS group were 1.1 million euro higher. 

Considering only the initial breech births, the planned CS strategy reduces the neonatal complications 

by 2% and the neonatal mortality by 1% at the expense of 3.7% more maternal complications. 

Table 4: Results on complications, deliveries, total costs, total QALYs and ICERs for 1000 women 
 

Strategy 1: 
planned caesarean 

section

Strategy 2: 
planned vaginal 

delivery

Difference 
(CS-VD)

Total number of women 1.000 1.000

Total number of children 2.280 2.280

Maternal complications first delivery (n) 134 97 36

Maternal complications subsequent deliveries (n) 112 90 22

Total maternal costs (undiscounted) € 560,000 € 425,000 € 135,000

Neonatal complications first delivery (n) 16 36 - 20

Neonatal complications subsequent deliveries (n) 10 9 1

Neonatal mortality first delivery (n) 8 18 -10

Neonatal mortality subsequent deliveries (n) 8 6 2

Total neonatal costs (undiscounted) €1.1 million €1.9 million - € 800,000

Caesarean deliveries 1370 720 650

Vaginal deliveries 910 1.560 -650

Total delivery costs (undiscounted) € 10.6 million € 9.5 million € 1.1 million

Total costs (undiscounted) € 12.3 million € 11.8 million € 500,000

Total costs (discounted) € 11.2 million € 10.9 million € 300,000

Total QALYs mothers (undiscounted) 54.326 54.412 - 87

Total QALYs mothers (discounted) 35.921 35.985 - 64

Total QALYs children (undiscounted) 177.247 175.959 1288

Total QALYs children (discounted) 97.619 96.958 661

Incremental cost-effectiveness ratio (undiscounted) € 283 per QALY

Incremental cost-effectiveness ratio (discounted) € 561 per QALY

Taking all subsequent births into account as well, the planned CS strategy reduces the neonatal 

complications by 0.9% and the neonatal mortality by 0.4% at the expense of 2.6% more maternal 

complications. Thus, neonatal costs were reduced by € 800,000, maternal costs were increased by € 

135,000, and delivery costs were increased by € 1.1 million, generating an overall increase of € 435,000.

Planned vaginal delivery generated slightly more maternal QALY’s (64 per 1000 women) than planned 

caesarean section, but planned caesarean section would result in more neonatal QALY’s (661 in total, 

290 per 1000 children). Combining the results of the maternal and neonatal model, thereby assuming 

maternal and neonatal QALYs as equally important, a planned caesarean section strategy resulted in 597 

more QALYs at an additional discounted cost of € 300,000 euro. Thus, the incremental cost-effectiveness 

ratio of this strategy was estimated as € 561 per QALY gained. 

Sensitivity analyses, evaluating the impact of uncertainty in the parameters, indicated that some results 

substantially altered when base case parameter estimates were replaced by their lower or upper 

boundaries (Table 5). Most remarkable was the increasing ICER (making caesarean section less cost-

effective) as a consequence of assuming no neonatal mortality in case of a breech delivery for both 

strategies. On the other hand if only the neonatal mortality rates in the planned vaginal delivery group 

are set on zero, planned vaginal delivery becomes cost saving.  Besides that, the final results were not 

sensitive for variations in all the other parameters if we assume a willingness to pay of €20,000 per QALY. 

Remarkably, lowering the costs of all delivery methods made the planned caesarean section a cost-

saving strategy.    

Furthermore, if neither costs nor effects were discounted caesarean section was more cost-effective 

(€283 per QALY). If the time horizon was shortened to 3 years (one cycle), caesarean section became cost 

saving.  On the other hand if the time horizon was shortened to 21 years (women’s reproductive period) 

caesarean section was less cost-effective with an ICER of €1694 per QALY.  Variation in other parameters 

did not substantially affect the results (Table 5). 



Chapter 7 Caesarean section versus vaginal delivery for breech- presentation at term

107106

  7

Table 5: Results Sensitivity analyses

Parameter Difference in costs
(CS-VD) in €

Difference in 
QALY’s (CS-VD)

ICER 
(€ per QALY)

0 Base case analysis 335,000 598 561

1 P neonatal complications breech
Low values:  
High values:

517,000
632,000

530
487

976
1296

2 P maternal complications breech
Low values:  
High values:

322,000
356,000

613
571

525
624

3 P neonatal complications
Low values:  
High values:

347,000
744,000

593
434

585
1715

4 P maternal complications
Low values:  
High values:

334,000
339,000

600
594

556
571

5 P neonatal mortality breech
Low values both VD + CS: (=0)
Low value for planned VD (=0)
Low value for planned CS (=0)
High values for both VD (=0.019) + CS (=0.006): 

318,000
315,000
338,000
340,000

155
-69
821
731

2053
VD cost saving

412
465

6 P neonatal mortality 
Low values: (=0)
High values:

336,000
334,000

677
490

496
683

7 Costs neonatal complications
Low costs (€253)
High costs (€64,729)

1,074,000
-76,427

598
598

1797
CS cost saving

8 Costs maternal complications
Low costs (€1,644)
High costs (€2,896)

313,000
357,000

598
598

524
597

9 Costs method of delivery:
Low costs (VD=1,063, primCS=1,202, secCS=1,925):
High costs (VD=6,645, primCS=7,362, secCS=8,061):
Low costs CS (primCS= 1,202, secCS=1,925)
High costs VD (=6,645)
Low costs VD (=1,063)

-460,000
- 130,000

-1,940,000
-1,523,000
1,814,000

598
598
598
598
598

CS cost saving
CS cost saving
CS cost saving
CS cost saving

3036

10 Utility neonatal complications
Low utility (0.60)
High utility (0.90)

335,000
335,000

763
432

439
776

11 Utility maternal complications
Low utility (0.83)
High utility (0.89)

335,000
335,000

594
604

564
555

12 Including utilities for method of delivery: VD= 0.92, 
primary CS=0.88 and secondary CS=0.85 335,000 514 652

13 Discounting costs and effects:
No discounting:
Both 4%:
Both 1,5%:

340,000
335,000
338,000

1201
272
598

283
1234
566

14 Time horizon:
3 years:
21 years (until the age of 45):

-13,000
335,000

27
198

CS cost saving
1694

From the scenario-analyses (Table 6) it can be seen that caesarean section is the least cost-effective 

strategy if women prefer 3 children during their lifetime. Caesarean section becomes more cost-effective 

if the health of children is given more weight than the health of the mothers. 

Table 6: Results scenario analyses

Parameter Difference in costs
(CS-VD) in €

Difference in 
QALY’s
(CS-VD)

ICER 
(€ per QALY)

0 Base case analysis 335,000 598 561

1 Women that prefer only 1 child:
Women that prefer 2 children: 
Women that prefer 3 children:
Women that prefer 4 children:

-13,185
348,000
504,000
529,000

716
569
531

1654

CS cost saving
612
949
320

2 Lower utility weights for health children: U neonatal 
complications= 
0.2
0.1
Lower utility weights for health mothers: U maternal 
complications=
0.5   
0.2
0
U mother=0 and utility child=1
U mother=1 and utility child=0

335,000
335,000

335,000
335,000
335,000
335,000
335,000

1.205
1.318

540
490
457
180
346

278
255

621
684
734

1856
968

Comments 

We conducted a cost-utility analysis comparing the mode of delivery in nulliparous women with a breech 

presentation at term in terms of costs and health outcomes for current and subsequent pregnancies. We 

found that a planned caesarean section resulted in less maternal QALYs but far more neonatal QALYs. 

Even though this strategy generated more costs, at € 561 per QALY gained it is considered a very cost-

effective strategy.

Since the publication of the Term Breech Trial, planned caesarean section rates significantly increased 

from previous years.39 The Dutch overall CS rate increased within three months from 50 to 80%, mainly 

due to an increase of planned CS rates. It resulted in a significant decrease of neonatal death (OR 0.53; 

95%CI 0.33-0.83) and neonatal trauma (OR 0.26; 95%CI 0.14-0.50). In other countries, planned CS rates 

even rose to 95% or more. Unless the worldwide discussion on costs and complications due to the 

increased CS rates, this study proves that a planned CS for breech presentation is a ligimate procedure, 

even in nulliparous women and their subsequent pregnancies. 

It must be stated that this model assumes a high VBAC attempt rate of 75%, which is generizable for 

the situation in The Netherlands. Lower VBAC attempt rates may increase costs due to higher CS rates, 

increase maternal morbidity due to repeat CS, and will reduce maternal and neonatal risks due to VBAC. 

Therefore, it is still plausible that a planned CS strategy will be the most cost effective strategy.   



Chapter 7 Caesarean section versus vaginal delivery for breech- presentation at term

109108

  7

In a costs analysis of the TBT5 using a third-payer perspective and only including direct medical costs over 

a short time horizon, planned caesarean section was found to be less expensive than planned vaginal 

birth (€7165 versus €8042 per patient; difference -€877; 95% CI -€1286 to -€473). They emphasized to 

be careful in interpreting their conclusions as future risks for the mother and child due to caesarean 

delivery were not taken into account. In this study, we filled this gap, as we used short term outcomes 

from the TBT, and extrapolated these by using additional literature to integrate costs and risks for future 

pregnancies as well. Besides that we summarized different health-related consequences in terms of 

quality-adjusted life-years (QALYs) as outcome measure in our findings. 

A limitation of our study is the limited literature on utilities for type of delivery and maternal/neonatal 

complications. However, the literature we found on this subject was from a qualitative good study, and 

therefore we think our utility estimates are reliable. 

The preferred perspective in economic evaluation studies is the societal perspective, in which both direct 

and indirect medical and non-medical costs are included. For example, if the risk of future caesarean 

sections is higher for women in the initial planned caesarean section group, productivity loss might be 

higher in this group. Our analysis was performed from a health care perspective, because we expect that 

most productivity costs will appear during maternity leave (approximately 3 months in the Netherlands), 

and therefore the results will not differ very much from a societal perspective.

We only attributed a loss of utility to the person itself, and not to the family members. Obviously, when 

a baby dies during or shortly after birth, this generates great suffering for the parents. The disutility 

caused by such suffering was not incorporated in the model. As there was more neonatal mortality and 

morbidity after planned vaginal delivery, the strategy of planned caesarean section would even be more 

attractive when suffering by family members would be taken into account.

In line with the trend incensed by the results from the TBT, our study demonstrated that when health 

consequences and associated costs of subsequent pregnancies are incorporated in the analyses, 

planned caesarean section is a cost-effective delivery strategy in breech presentation at term.
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