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Ab s t r ac t
Aim: There is limited evidence on the cost-effectiveness of vaginal birth after cesarean section vs elective repeat cesarean section. The aim of 
this study was to compare the outcomes and costs of vaginal birth after cesarean section vs elective repeat cesarean section.
Materials and methods: A cost-consequence study was done from April 1, 2018 to March 31, 2019. Women admitted for delivery with one 
previous cesarean section were selected. Exclusion criteria were: multiple gestations, placenta previa, morbidly adherent placenta, birth weight 
<2.5 kg or >4 kg, and patients undergoing emergency cesarean section for antepartum emergencies. The outcomes and costs of vaginal birth 
after cesarean section vs elective repeat cesarean section were compared. 
Results: The vaginal birth after cesarean section was successful in 34 (50.7%) cases. There was no difference in median postpartum hospital stay 
between vaginal birth after cesarean section (n = 67)[2 (1–3) days] and elective repeat cesarean section (n = 158) [2 (2–2.25) days] (p = 0.15). 
There was no significant difference in total costs between vaginal birth after cesarean section and elective repeat cesarean section [USD 476 
(420–566) vs USD 470 (452–494), p = 0.78].

The direct cost of the vaginal birth after cesarean section successful group (n = 34) was USD 427 (361–462) vs failed vaginal birth after 
cesarean section group (n = 32) USD 505 (476–716) (p <0.001). There was a significant difference in postpartum hospital stay between successful 
vaginal birth after cesarean section [2 (1–3) days], failed vaginal birth after cesarean section [2 (2–3.75) days], and elective repeat cesarean 
section [2 (2–2.25) days] (p < 0.01).
Conclusion: The absence of a significant difference in postpartum hospital stay and cost between vaginal birth after cesarean section and 
elective repeat cesarean section raises serious clinical concerns with possible implications for health policy stakeholders.
Keywords: Cost-consequence analysis, Elective repeat cesarean section, Vaginal birth after cesarean section.
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In t r o d u c t i o n
There has been an alarming rise in cesarean section rates 
worldwide.1–3 In Sri Lanka, the cesarean section rate has climbed 
from 9% in 1986 to 39.1% in 2018.4 This may be due to a multitude 
of reasons; use of intrapartum electronic fetal monitoring, changes 
in obstetric training, medicolegal concerns, alterations in social 
expectations of pregnancy outcome, and maternal autonomy in 
decision making.5–9

The rising cesarean section rates have had a “snowball” effect 
resulting in a significant amount of women with a previous cesarean 
section for which the delivery options are either an elective repeat 
cesarean section (ERCS) or vaginal birth after cesarean section 
(VBAC).

VBAC is associated with reduced morbidity and a lower risk 
of complications in future pregnancies.10,11 Despite VBAC being 
considered a viable and safe alternative to ERCS for women with 
one previous cesarean section, a significant proportion of women 
undergo ERCS.10,11 Local and international evidence shows that 
the previous cesarean section was found to be the leading cause 
of ERCS.12,13 Nonetheless, there are only a handful of articles on the 
cost-effectiveness of VBAC vs ERCS, with almost no data from low 
resource settings.14–16

Improvements in health care and social pressure from a 
burgeoning middle-class are probable reasons for the rising 
cesarean section rate in Sri Lanka. The fact that it is also a low 
resource setting with a policy of free public health further 
emphasizes the importance of studying VBAC vs ERCS from a 

provider’s perspective.Therefore, a cost-consequence study 
comparing the outcomes and costs of VBAC vs ERCS was designed.

Mat e r ia  l s a n d Me t h o d s
A retrospective observational study was done in the professorial 
obstetrics and gynecology unit of the North Colombo Teaching 
Hospital (NCTH), Ragama. Women with one previous cesarean 
section who were admitted for delivery at NCTH, Ragama from  
April 1, 2018 to March 31, 2019 were included. Exclusion criteria were; 
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multiple gestations, placenta previa, morbidly adherent placenta, 
birth weight <2.5 kg or >4 kg, and patients undergoing emergency 
cesarean section for antepartum emergencies.

The primary outcome to calculate sample size was the 
postpartum hospital stay. The mean postpartum hospital stay 
(standard deviation, SD) for ERCS and VBAC were 2.57 (0.52) and 
2.82 (0.49) days based on a pilot study done on a subset of women 
in the unit. A difference of 0.5 postpartum days was considered as 
a significant difference. A power of 80% and a type 1 error of 0.05 
with patient allocation at a ratio of 2:1 for ERCS and VBAC required 
97 and 49 patients, respectively to detect a 0.5-day difference.

The birth register was evaluated initially to identify eligible 
patients and data were collected from their in-patient hospital 
records. The primary outcome was a postpartum hospital stay. 
The other secondary outcomes were; maternal and neonatal 
complications, cost of postpartum hospital stay, and cost of 
neonatal intensive care. Details of age, body mass index (BMI), 
parity, birth weight, mode of delivery hospital stay, appearance, 
pulse, grimace, activity, and respiration (APGAR) scores (5  min), 
maternal and neonatal complications were obtained from the 
hospital clinical records.

Costing of direct healthcare costs (labor, investigations, 
equipment ,  drugs ,  and uti l i t y  costs)  were calculated 
based on the method illustrated by Ekanayake et al .17  

A time-driven, activity-based costing method was adopted to 
calculate the cost of wages. Therefore, the wage cost per minute for 
each category of staff was calculated and used to cost the various 
activities based on the amount of time spent. The cost of equipment 
and drugs were obtained from the medical supplies division of the 
Ministry of Health, Sri Lanka. The cost of equipment per patient 
was calculated assuming it lasts for 10-years. Investigation costs 
included laboratory and imaging costs for pre- and postoperative 
period. The cost for a particular test considered the equipment cost, 
labor cost, and reagent cost . The labor cost per test was calculated 
using the laboratory technician’s labor cost per minute and time 
spent per test. The reagent cost per test was based on the number of 
tests per year and the amount of reagents used for that time period. 
The cost of drugs was obtained from the medical supplies division 
of the Ministry of Health, Sri Lanka. Utility costs were calculated per 
patient per day for space, water, electricity, food, administrative, 
cleaning services, telephone services, and security costs. The rental 
value for the ward space was obtained from the National Housing 
Development Authority. The other utilities were calculated using 
the respective monthly bills divided by the average midnight total 
of patients to obtain the cost of a particular utility per patient 
per day [e.g., electricity cost]. The cost of food obtained from the 
hospital was calculated considering the food cost and labor. The 
total utility cost per patient per day was obtained including the 
sum of all the above sub-categories. 

Maternal costs included labor, investigations, equipment, drugs, 
and utility costs. Neonatal costs incorporated the sum of the costs 
for newborn intensive care unit (NICU) stay, phototherapy, neonatal 
investigations, and medications. Total cost was considered as the 
sum of maternal and neonatal costs.

Non-tradable goods (labor and utilities) were calculated using 
purchasing power parity (PPP) factor of 49.50 for 2018.18 The exchange 
rate (1 USD  =  182.73 LKR) was used for equipment, drugs, and 
investigations, which were tradable commodities. 

The variables that met the criteria for normality were assessed 
using Student’s t-test whilst the ones that failed to meet the criteria for 
normality were assessed using the Mann–Whitney U test to compare 
the differences in outcomes and costs between the two groups, 
VBAC and ERCS. Analysis was by intention to treat. The VBAC group 
was separated into VBAC-successful and VBAC-failed and compared 
with the ERCS group using the Kruskal–Wallis test. Complications 
between the groups were compared using the Chi-square test and 
Fisher’s exact test. Samples of the same size as the data were drawn 
after specifying the number of successes for the VBAC group and the 
difference between the median of the two groups was calculatedto 
find out the cost at which VBAC equaled ERCS with a 95% degree of 
confidence. SPSS statistics 20.0 was used for statistical analyses.

Re s u lts
The basic characteristics of the study population are shown in Table 1. 
The VBAC success rate was 50.7% with 34 successful cases including 
seven instrumental deliveries. The median postpartum hospital stay 
was 2 with an interquartile range of (1–3) and (2–2.25) days, for VBAC 
and ERCS, respectively (p  =  0.15, Table  2. There was no apparent 
difference in maternal complications (Table 2).

Neonatal complications were significantly more in the ERCS group 
(Table 2). There were 5(7.9%) and 14 (8.9%) cases of NICU admissions 
in VBAC and ERCS groups, respectively. NICU admissions in the 
VBAC-successful and VBAC-failed group were 3 (8.6%) and 2 (9.4%), 
respectively. Neonatal complications; fever and jaundice were also 
more common in the ERCS group. There was one baby with meconium 
aspiration in a failed VBAC. There were no cases of hypoxic-ischemic 
encephalopathy (HIE). APGAR scores (5  min) were 10 with an 
interquartile range of (10–10) for both categories.

The material costs were similar between the two groups with 
USD 467 (419–522) vs USD 459 (452–486) between VBAC and ERCS 
groups, respectively (p = 0.74). There was no significant difference 
in neonatal costs between the two groups (p = 0.31). There was no 
significant difference in total costs between the two groups with 
476 (420–566) vs 470 (452–494) between VBAC and ERCS groups 
(p = 0.78, Table 3).

Subgroup analysis of successful and failed VBAC showed that 
the VBAC-successful group (VBAC success rate 100%) and failed 
VBAC group (VBAC success rate 0%) had maternal costs of USD 427 
(361–462) vs USD 505 (476–716), respectively as opposed to USD 459 

Table 1: Basic characteristics of the study population

VBAC (n = 67) ERCS (n = 158) Significance (p)
Age (years) (mean, SD) 28.2 (2.86) 27.5 (2.52) 0.06#

BMI (kg/m2) (mean, SD) 25.79 (2.16) 25.93 (1.81) 0.60#

Parity [median, (IQ1–IQ3)] 2.00 (2.00–2.00) 2.00 (2.00–2.00) 0.04*
Birth weight (kg) (mean, SD) 3.03 (0.58) 3.10 (0.42) 0.32*

*Mann–Whitney U test; #Student’s t-test; VBAC, vaginal birth after cesarean section; 
ERCS, elective repeat cesarean section; SD, standard deviation, BMI, body mass index
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Table 2: Comparison of outcomes between vaginal birth after cesarean section group and elective repeat cesarean section group

Outcomes VBAC (n = 67) ERCS (n = 158) Significance (p)
Postpartum hospital stay (days) [median, (IQ1–IQ3)] 2 (1–3) 2 (2–2.25) 0.15#

APGAR [median, (IQ1–IQ3)] 10 (10–10) 10 (10–10) 0.25#

Any complication (maternal or neonatal) 15 (22.38%) 46 (29.11%) 0.30⸸

Any maternal complication 6 (8.96%) 8 (5.06%) 0.27⸭

Any neonatal complication 9 (13.43%) 42 (26.58%) 0.031⸸

Maternal complications
  PPH 3 (4.48%) 3* (1.90%) 0.37⸭

  Postpartum fever 2 (2.99%) 4 (2.53%) 1.0⸭

  Wound infection 0 (0%) 2 (1.27%) 1.0⸭

  3rd-degree tear 1 (1.49%) 0 (0%) 0.30⸭

  Neonatal complications
  Respiratory distress 3 (4.48%) 6β (3.80%) 0.73⸭

  Fever 1 (1.49%) 12 (7.60%) 0.12⸭

  Jaundice 5α (7.46%) 25 (15.82%) 0.092⸸

  Meconium aspiration 1 (1.49%) 0 (0%) 0.30⸭

  NICU admissions 5 (7.86%) 14 (8.86%) 0.73⸸

  Other 0 (0%) 2γ(1.27%) 1.0⸭

#Mann–Whitney U test;
⸸Chi-square test; 
⸭Fisher’s exact test; 
*>1.5 Lpostpartum hemorrhage;
αOne case of cephalohematoma; 
βOne case of transient tachypnea of the newborn; 
γBreastfeeding issue, hypoglycemia; APGAR, appearance, pulse, grimace, activity, and respiration; PPH, postpartum hemorrhage; NICU, newborn intensive 
care unit

(452–486) in the ERCS group (p < 0.001, Tables 4 and 5. There was a 
significant difference in total costs between successful VBAC [USD 
427 (361–483)], failed VBAC [USD 519, (476–809)] and ERCS groups 
[USD 470 (452–292)] (p < 0.001, Table 5. Less than 5% of the 100000 
simulations resulted in the overall VBAC median cost being higher 
than the ERCS median cost when the VBAC success rate was 80% 
(52 out of 65).

Di s c u s s i o n
To our knowledge, this is the first attempt at comparing both 
outcomes and costs of VBAC vs ERCS in a low resource setting. 
The main findings of the study were that there was no difference 
in costs, postpartum hospital stay, and maternal complications 
between ERCS and VBAC. There were more neonatal complications 
in the ERCS group.

Evidence from literature shows that VBAC was associated with 
a lower cost.19 There is further evidence to show that VBAC was 
comparatively more cost-effective compared to ERCS.14,15 The 
probable reason for the contradictory finding in our studymay 
bethe relatively low VBAC success rate of 50.7%. The study finding 
of no significant difference in hospital stay also contradicts evidence 
from literature which shows that postpartum hospital stay was also 
shorter in VBAC patients compared to ERCS.20,21 The reason for 
this may be the fact that hospital stay depends more on individual 
practice rather than complications.22 Our findings of comparable 
maternal outcomes between the two groups are corroborated by 
evidence from India and Iran.21,23 Although these studies show 
comparable neonatal outcomes between VBAC and ERCS, in-depth 

analysis shows that ERCS is associated with higher respiratory 
morbidity whilst VBAC was found to have a slightly higher risk of 
perinatal death and HIE.10,21,23 Although there were no cases of 
perinatal deaths there was one case of meconium aspiration in the 
VBAC group. However, unexpectedly there were more neonates 
with fever and jaundice in the ERCS group.

Maternal and neonatal complications are not common. This 
study was not powered to detect a statistical significance between 
individual maternal and neonatal complications as the sample 
size was small. Therefore, complications were reported with 
percentages. To overcome this limitation maternal and neonatal 
complications were pooled together, i.e., all the patients with 
maternal complications were considered together and analyzed.

This study only considered clinical outcomes. Patient-reported 
outcomes, such as time to recover or quality-adjusted life-years 
(QALYs) could not be collected as this was a retrospective study. 
However, clinical outcomes can be assumed to reflect the time 
to recover to some degree. However, whenthe time to recover or 
QALYs were obtained VBAC performed better than ERCS.24 The 
counter-argument for this is that similar complication rates among 
the two groups would result in a similar time to recover and QALYs as 
complications are an indirect predictor of convalescence. The future 
pregnancy outcomes are also important to consider as VBAC and 
ERCS have significantly different effects. ERCS raises the likelihood 
of future cesarean sections, placenta previa, and morbidly adherent 
placenta whilst lowering the risk of pelvic floor disorders in later 
life.10,13 When the lifetime cost-effectiveness was compared using 
Markov models for long-term maternal outcomes, VBAC was found 
to be more cost-effective.24 The long-term implications of neonatal 
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Table 4: Subgroup analysis of outcomes between successful vaginal birth after cesarean section, failed vaginal birth after cesarean section, and 
elective repeat cesarean section groups

Outcomes VBAC-failed (n = 32) VBAC-successful (n = 35) ERCS (n = 158) Significance (p)

Postpartum hospital stay (days)  
[median, (IQ1–IQ3)]

2 (2–3.75) 2 (1–3) 2 (2–2.25) <0.01*

APGAR [median, (IQ1–IQ3)] 10 (10–10) 10 (10–10) 10 (10–10) 0.33*
Any complication (maternal or neonatal) 7 (21.9%) 8 (22.9%) 46 (29.1%) 0.58⸸

Any maternal complication 2 (6.2%) 4 (11.4%) 8 (5.1%) 0.38⸭

Any neonatal complication 5 (15.6%) 4 (11.4%) 42 (26.6%) 0.09⸸

Maternal complications
  PPH 1 (3.1%) 2 (5.7%) 3* (1.9%) 0.25⸭

  Postpartum fever 1 (3.1%) 1 (2.9%) 4 (2.5%) 1.0⸭

  Wound infection 0 (0%) 0 (0%) 2 (1.3%) 1.0⸭

  3rd-degree tear 0 (0%) 1 (2.9%) 0 (0%) 0.30⸭

Neonatal complications
  Respiratory distress 1 (3.1%) 2 (5.7%) 6β (3.8%) 0.86⸭

  Fever 1 (3.1%) 0 (0%) 12 (7.6%) 0.21⸭

  Jaundice 4α (12.5%) 1 (2.9%) 25 (15.8%) 0.24⸭

  Meconium aspiration 1 (3.1%) 0 (0%) 0 (0%) 0.14⸭

  NICU admissions 2 (6.2%) 3 (8.6%) 14 (8.9%) 0.87⸭

  Other 0 (0%) 0 (0%) 2γ (1.3%) 1.0⸭

*Kruskal–Wallis test; 
⸸Chi-square test; 
⸭Fisher’s exact test; APGAR, appearance, pulse, grimace, activity, and respiration; PPH, postpartum hemorrhage; NICU, newborn intensive care unit
αone case of cephalohematoma
βone case of transient tachypnea of the newborn
γbreastfeeding issue, hypoglycemia

Table 3: Comparison of costs between vaginal birth after cesarean section group and elective repeat cesarean section group

Costs⸸,# VBAC (n = 67) ERCS (n = 158) Significance (p)*
Imaging 
[median, (IQ1–IQ3)]

20 (9–25) 9 (9–9) <0.001

Wages
[median, (IQ1–IQ3)]

337 (286–339) 337 (337–337) 0.08

Instruments
[median, (IQ1–IQ3)]

16 (7–19) 19 (19–19) <0.001

Anesthesia costs
[median, (IQ1–IQ3)]

0 (0–11) 11 (11–11) <0.001

Medications
[median, (IQ1-IQ3)]

5 (3–5) 4 (4–4) 0.40

Investigations
[median, (IQ1–IQ3)]

2 (2–4) 2 (2–4) 0.74

Space costs
[median, (IQ1–IQ3)]

55 (39–71) 44 (44–55) 0.53

Utility costs
[median, (IQ1–IQ3)]

32 (19–39) 26 (26–32) 0.97

Maternal costs 
[median, (IQ1–IQ3)]

467 (419–522) 459 (452–486) 0.74

Total costs 
[median, (IQ1–IQ3)]

476 (420–566) 470 (452–494) 0.78

⸸Costs reported in USD (1 USD = 182.73 LKR); 
*Mann–Whitney U test
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complications, such as respiratory distress, fever, and meconium 
aspiration are also equally important in terms of both quality of 
life and economic cost. However, it was not possible to quantify 
the impact of these long-term outcomes.

The primary outcome, postpartum hospital stay depends on 
individual clinical practice and the set times of discharge from the 
hospital.22 This may be the reason why ERCS, successful and failed 
VBAC all had a similar median hospital stay. The relatively short 
hospital stay for ERCS contradicts evidence from literature and may 
be a result stemming from the relatively higher cesarean section 
rates in Sri Lanka.4,21 Also, the difference of one day rather than a 
difference of half a day may be more clinically relevant. 

This study looked at costs from a provider’s perspective and 
not from a societal perspective which would have included both 
direct hospital-borne costs and indirect patient-borne costs. A 
payer perspective for costs was considered as it was not possible to 
obtain indirect costs borne by the patient as this was a retrospective 
study. However, a payer perspective is still relevant for a country 
like Sri Lanka where there is a free public health care system. As this 
was a cost-consequence analysis, the costs and the outcomes for 
the two groups were described separately. However, it was not as 
powerful as a cost–benefit analysis or a cost-effectiveness study as 
the outcomes were neither assigned a monetary value nor weighed 
against cost.25,26

The costs for neonatal care, i.e., phototherapy, the cost of NICU 
admission, and NICU ventilation costs per day were extrapolated 
from the private sector due to logistical and financial limitations. 
The labor cost for neonates not admitted to the NICU (post-natal 
ward) was also not considered separately. However, cost estimation 
accuracy may be sacrificed in favor of ease of data collection if the 
perceived differences are small.25,26

Despite subgroup analysis showing that there was a significant 
difference in postpartum hospital stay between successful VBAC, 
failed VBAC, and ERCS groups, its clinical significance was minimal. 
Subgroup analysis also showed that the cost of the successful VBAC 
group was less than ERCS with the failed VBAC group being more 
than ERCS. Although this was found to be statistically significant the 
difference between the three groups was minimal. The finding of the 
lowest cost being for the successful VBAC with the highest for failed 
VBAC was consistent with evidence reported in the literature.10,19,27

The VBAC group represents the average of these two groups 
as the analysis was in terms of intention-to-treat. Therefore, it 
becomes obvious that the cost is likely to hinge on the VBAC success 
rate. A study by Chung et al. found VBAC to be cost-effective at a 
success rate of 74%.27 In this study, the material cost in the VBAC 
group was similar to the ERCS group at a VBAC success rate of 
80% with a 95% degree of confidence. Sri Lanka has an overall 
cesarean section rate of 39.1%, suggesting a low threshold for 
cesarean section.4 Therefore, the feasibility of achieving a VBAC 
success rate of 80% may be difficultdue to a lack of skilled staff 
andthe non-availability of continuous electronic fetal monitoring 
in most centers.10,28,29

As the cost-effectiveness of VBAC hinges on its success rate, 
an important aspect that needs to be considered is patient 
selection, i.e., selection of suitable patients and also when to 
terminate the trial. Whilst this is affected by individual practices 
that vary widely among obstetricians, some uniformity and 
benchmarking would be necessary to improve success rates 
above 80%.10,13,27

A randomized controlled trial is an ideal design to compare 
two treatment groups. However, this cannot be done for VBAC vs 
ERCS due to ethical and medico-legal implications. A randomized 
controlled trial has stringent inclusion and exclusion criteria. 
Therefore, an observational study was done with stringent 
inclusion and exclusion criteria. This would also overcome some 
of the limitations of randomized controlled trials as it is a real-life 
setting.30

Co n c lu s i o n a n d Cl i n i c a l Si g n i f i c a n c e
The crucial decision is to give VBAC to women who are likely 
to succeed. This remains one of the most elusive decisions in 
obstetrics. The findings of this study may raise serious concerns with 
possible implications for clinicians and health policy stakeholders  
in low resource settings because although study findings would 
suggest all women with a previous cesarean section to have an 
ERCS, the absence of an improved outcome in VBAC in contrast to 
available evidence suggests suboptimal management of women 
with a previous cesarean section. 

Table 5: Subgroup analysis of costs between successful vaginal birth after cesarean section, failed vaginal birth after cesarean section, and elective 
repeat cesarean section groups

Costs⸸ VBAC-failed (n = 32) VBAC-successful (n = 35) ERCS (n = 158) Significance (p)*
Imaging [median, (IQ1–IQ3)] 16 (9–25) 20 (9–25) 9 (9–9) <0.001
Wages [median, (IQ1–IQ3)] 337 (337–556) 286 (255–339) 337 (337–337) <0.001
Instruments [median, (IQ1–IQ3)] 19 (16–19) 7 (7–14) 19 (19–19) <0.001
Anesthesia costs [median, (IQ1–IQ3)] 11 (11–11) 0 (0–0) 11 (11–11) <0.001
Medications [median, (IQ1–IQ3)] 5 (5–7) 3 (3–3) 4 (4–4) <0.001
Investigations [median, (IQ1–IQ3)] 2 (2–4) 2 (2–3) 2 (2–4) 0.94
Space costs [median, (IQ1–IQ3)] 65 (44–76) 50 (39–65) 44 (44–55) 0.02
Utility costs [median, (IQ1–IQ3)] 39 (26–45) 26 (19–39) 26 (26–32) <0.01
Maternal costs (USD) [median, (IQ1–IQ3)] 505 (476–716) 427 (361–462) 459 (452–486) <0.001
Total costs (USD) [median, (IQ1–IQ3)] 519 (476–809) 427 (361–483) 470 (452–494) <0.001
⸸Costs reported in USD (1 USD = 182.73 LKR); 
*Kruskal–Wallis test
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