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Abstract 
Background: Postpartum hemorrhage (PPH) is a serious and dangerous complication 
following a cesarean section that carries a significant risk of bleeding and can result in 
shock or death. 
Objective: To compare the cost-effectiveness of 100 g of carbetocin with that of 10 units 
of oxytocin for the prevention of PPH in women at high risk for PPH undergoing cesarean 
section. 
Methods: A decision tree model was used to assess cost-effectiveness from societal and 
payer perspectives over a one-year time horizon, using a 3% discount rate and data from 
hospital records and published studies. Robustness was evaluated using with one-way 
and probabilistic sensitivity analyses. 
Results: From the societal perspective, carbetocin demonstrated a cost saving of ฿828.16 
($25.18) and yielded an incremental gain of 0.04 quality-adjusted life years (QALYs). 
In contrast, the payer’s perspective revealed an additional cost of ฿632.69, with an 
incremental cost-effectiveness ratio of ฿14 243.20 ($433.14) per QALY gained. Carbetocin 
was notably more effective in preventing severe PPH, with a prevention rate of 44.4% 
compared with 16.3% observed with oxytocin. Sensitivity analysis identified treatment 
response as the most influential factor in the economic model. 
Conclusions: Carbetocin is a cost saving and clinically effective option for managing PPH 
in women at high-risk for PPH undergoing cesarean section. Its performance remains 
within the acceptable willingness-to-pay threshold established by Thai context (฿160 000 
per QALY), making it a viable candidate for broader policy inclusion. 

Keywords: Cost-effectiveness, Postpartum hemorrhage, Carbetocin, Oxytocin, Cesarean 
section 

 Introduction 
Postpartum hemorrhage (PPH) represents a major challenge in obstetric care and 

is defined as blood loss exceeding 500 mL  after vaginal delivery over 1000 mL following 
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cesarean section within 24 hours.1, 2 Such bleeding can lead to severe anemia, hypovolemic 
shock, or even maternal death.3, 4 PPH typically results from uterine atony, retained 
placental tissue, trauma to the genital tract, or coagulation disorders, with uterine atony 
being the most common cause. Globally, the World Health Organization estimates that 
approximately 70 000 maternal deaths each year are attributable to PPH, accounting for 
nearly one-fifth of all maternal fatalities.3, 5 In Thailand, PPH caused 49 maternal deaths in 
2022, representing 22% of all maternal deaths,6 and Buddhachinaraj Phitsanulok Hospital 
reported a 3.5% incidence among total deliveries. Although oxytocin remains the standard 
uterotonic agent for PPH prevention, emerging evidence indicates that carbetocin may 
offer greater effectiveness, particularly in women at high risk for PPH undergoing cesarean 
section. 

Clinical studies have shown that carbetocin reduces the risk of PPH  500 mL than 
oxytocin (risk ratio, 0.72; 95% CI, 0.52-1.00) and is effective in preventing PPH  1000 mL 
compared with no treatment.7 Despite these advantages, carbetocin is not listed on 
Thailand’s National Essential Medicines List, leading to inconsistent use across health 
facilities.8 

This study was conducted to address the gap in economic evidence regarding the 
use of carbetocin in Thailand. It compared the cost-effectiveness of 100 g of carbetocin 
with that of 10 units of oxytocin for the prevention of PPH in women at high-risk for PPH 
undergoing cesarean section. Women at high-risk for PPH were defined as those with at 
least one recognized risk factor for PPH, including more than 2 previous cesarean sections, 
a prior history of PPH, administration of tocolytic agents within 4 hours before delivery, 
prolonged labor exceeding 12 hours, precipitated labor, grand multiparity (parity  4), 
polyhydramnios, uterine fibroids, twin pregnancy, and maternal complications such as 
pregnancy-induced hypertension, liver disease, placenta previa, coagulation disorders, or 
placental abruption. The findings of this study are intended to inform national drug 
formulary decisions and guide future maternal health policy.9 

 
Methods 
Study Design 

This study employed a cost-effectiveness analysis to compare carbetocin and 
oxytocin for the prevention of PPH, defined as blood loss exceeding 1000 mL after cesarean 
delivery, in women at high risk for PPH undergoing cesarean section. A high-risk status was 
defined as having at least one major PPH risk factor, including multiple previous cesarean 
sections, a prior history of PPH, recent tocolytic use, prolonged or precipitous labor, grand 
multiparity, polyhydramnios, uterine fibroids, twin pregnancy, or maternal complications 
such as pregnancy-induced hypertension, placenta previa, coagulopathy, liver disease, or 
placental abruption. The analysis incorporated societal and healthcare payer perspectives, 
considering a one-year time frame and applying a 3% annual discount rate. 
 
Research Tools and Inputs 

The decision tree model was adapted from a previously published Colombian  
cost-effectiveness study10 and modified to reflect clinical practice in Thailand (Figure 1).  
The model began with women at high risk for PPH undergoing cesarean section, defined 
as those with at least one established risk factor, including more than 2 previous cesarean 
sections, a prior history of PPH, recent use of tocolytic agents within 4 hours before 
delivery, prolonged labor ( 12 hours), precipitated labor, grand multiparity (parity  4), 
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polyhydramnios, uterine fibroids, twin pregnancy, and maternal complications such as 
pregnancy-induced hypertension, liver disease, placenta previa, coagulopathy, or placental 
abruption. Prophylactic uterotonics were administered according to routine practice: 
women with a single risk factor received 10 units of oxytocin via intravenous (IV) bolus  
or infusion, whereas those with 2 or more risk factors received 100 µg of carbetocin as a  
single IV dose. The first branch of the model determined whether PPH occurred. If no PPH 
developed, the pathway was terminated. If PPH occurred, management followed standard 
clinical protocols. First-line treatment involved additional doses of oxytocin or carbetocin. 
If bleeding persisted, second-line additional medical therapy was administered, including 
ergometrine 0.2 mg (1 mL of a 0.2 mg/mL solution) via intramuscular or IV injection or 
rectal misoprostol 800-1000 µg (4-5 tablets of 200 µg). When indicated, 1-2 units of packed 
red cells (PRC) were transfused. Failure to respond to pharmacologic therapy prompted 
surgical interventions, including balloon tamponade or hysterectomy, depending on 
clinical severity. All pathways and model assumptions were reviewed and validated by 
obstetrician, pharmacist and health economist. The decision-tree model was constructed 
and analyzed using Excel version 2021 (Microsoft Corp). 

 
Model Assumptions 

All women who were unresponsive to the initial treatment were assumed to follow 
standard escalation protocols. When a pregnant woman did not respond to carbetocin or 
oxytocin treatment, supplementary medications were administered. 

 
Probability Inputs 

Clinical probabilities, such as treatment success rates and complication frequencies, 
were derived from hospital records from 2020 to 2023. These probabilities were stratified 
by treatment type and adjusted as needed to address data limitations, including zero-event 
occurrences (Table 1). 

 
Figure 1. Decision Tree Model for Postpartum Hemorrhage in Women Undergoing Cesarean Section  

 

Abbreviation: PPH, postpartum hemorrhage. 

Note: For oxytocin pathway is as above of carbetocin [+]. 
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Cost Data Inputs 
Direct medical costs included drug acquisition, additional treatments, and surgical 

procedures. Additional therapy costs included ergometrine 1 mL, misoprostol 800 µg, and 
1-2 units of PRC. Direct nonmedical costs (eg, transportation and food) were drawn from 
the national standards cost list. Indirect costs capture productivity loss due to hospitalization.  
All figures were updated to 2024 values using Thailand's Consumer Price Index for healthcare  
and household expenditures (Table 1). 

 
Utility Values 

Health-related quality of life was quantified using utility values ranging from 0 (death)  
to 1 (perfect health).11 The utility data for this study were gathered from literature reviews,12 
primarily derived from EQ-5D-5L datasets adapted for Thailand. In cases of no data in that 
health state, estimates were supported by expert opinion (Table1). 

 
Table 1. Input Parameters Used in the Analysis for Cesarean Section 
Parameter Value SE Distribution Source 

Probability 
    

 
Treatment with carbetocin 

    

 
 Probability of blood loss < 1000 mL after 

carbetocin 

0.4442 0.0453 Beta Hospital database 

   Probability of blood loss ≥ 1000 mL after 

carbetocin with survival 

0.5558 0.0567 Beta Hospital database 

   Probability of blood loss ≥ 1000 mL with survival  

but requiring additional medical therapy 

0.5558 0.0567 Beta Hospital database 

 

 

  

 Probability of blood loss ≥ 1000 mL with survival,  

nonresponse to dose escalation, and failure of 

additional medical therapy, requiring uterine 

artery ligation or balloon tamponade 

0.0010 0.0001 Beta Hospital database 

 

 

  

 Probability of blood loss ≥ 1000 mL with survival,  

nonresponse to dose escalation, and failure of 

additional medical therapy, with successful 

control of bleeding following hysterectomy 

0.0108 0.0011 Beta Hospital database 

   Probability of blood loss ≥ 1000 mL and survival, 

responsive to additional therapy 

0.9883 0.0532 Beta Hospital database 

 
Treatment with oxytocin 

    

 
 Probability of blood loss < 1000 mL after 

oxytocin 

0.1630 0.0166 Beta Hospital database 

   Probability of blood loss ≥ 1000 mL after 

oxytocin with survival 

0.8370 0.0840 Beta Hospital database 

   Probability of blood loss ≥ 1000 mL with survival  

but requiring additional medical therapy 

0.8370 0.0840 Beta Hospital database 

 

 

  

 Probability of blood loss ≥ 1000 mL with survival,  

nonresponse to dose escalation, and failure of 

additional medical therapy, requiring uterine 

artery ligation or balloon tamponade 

0.0010 0.0001 Beta Hospital database 
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Table 1. Input Parameters Used in the Analysis for Cesarean Section (Continued) 
Parameter Value SE Distribution Source 

 

 

  

 Probability of blood loss ≥ 1000 mL with survival,  

nonresponse to dose escalation, and failure of 

additional medical therapy, with successful 

control of bleeding following hysterectomy 

0.0100 0.0010 Beta Hospital database 

 
 Probability of blood loss ≥ 1000 mL and survival,  

responsive to additional therapy 

0.9890 0.0530 Beta Hospital database 

Direct medical costs, ฿ 
    

 
Cost of carbetocin 756.7040 185.6122 Gamma CGD, Hospital database  
Cost of oxytocin 91.8060 153.9490 Gamma CGD, Hospital database  

 

  

Cost of additional therapy (ergometrine 1 mL, 

misoprostol 800 µg, 1-2 units of PRC) following 

carbetocin 

326.3660 70.5954 Gamma CGD, Hospital database  

 

  

Cost of additional therapy (ergometrine 1 mL, 

misoprostol 800 µg, 1-2 units of PRC) following 

oxytocin 

252.9620 28.9286 Gamma CGD, Hospital database  

  Cost of surgical intervention (balloon tamponade, 

uterine artery ligation) 

13 233.3300 2793.3673 Gamma Hospital database  

 
Cost of hysterectomy 15 933.3300 1549.7449 Gamma Hospital database  

Direct nonmedical costs, ฿ 
    

 
Transportation cost 327.400 33.3482 Gamma Standard cost list  
Food cost 73.9500 7.5459 Gamma Standard cost list 

Indirect costs, ฿     

 Opportunity cost of work for patients due to 

hospitalization 

345.00 35.2041 Gamma Standard cost list 

Utility values 
    

 
Utility of cesarean section without PPH 0.8300 0.0200 Beta Brinones et al,12 2020  
Utility of PPH with death after primary treatment 0.0000 0.0000 Beta Brinones et al,12 2020  
Utility of PPH with survival after primary treatment 0.6700 0.1500 Beta Brinones et al,12 2020  
Utility of PPH with additional therapy 0.6700 0.1500 Beta Brinones et al,12 2020 

  Utility of PPH with surgical intervention (balloon 

tamponade or uterine artery ligation) 

0.5800 0.0586 Beta Brinones et al,12 2020 

 
Utility of PPH with hysterectomy 0.5000 0.0510 Beta VAS, Expert opinion 

Abbreviations: CGD, Comptroller General's Department; PPH, postpartum hemorrhage; PRC, packed red cells; SE, standard error; VAS, visual analog scale. 

 
Analyses 

The incremental cost-effectiveness ratio (ICER) was computed as follows: ICER =  
(CA − CB) / (UA − UB); where CA = the expected cost of carbetocin treatment, CB = the expected cost  
of oxytocin treatment, UA = the expected utility of carbetocin treatment, and UB = the expected  
utility of oxytocin treatment. 
 
Sensitivity Analysis 

A one-way sensitivity analysis was conducted to assess the influence of each parameter 
on the results, which was visualized using tornado diagrams. A probabilistic sensitivity 
analysis was also performed using Monte Carlo simulations (1000 iterations), applying 
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beta, gamma, and log-normal distributions for probabilities, costs, and effectiveness, 
respectively. The results were plotted on a cost-effectiveness plane to evaluate overall 
model stability. 

 
Results 
Base-Case Analysis 

From a societal perspective, carbetocin administration resulted in a total treatment 
cost of ฿2807.00, compared with ฿3635.16 for oxytocin. This translates to a cost saving  
of ฿828.16 ($25.18). In terms of clinical effectiveness, patients who received carbetocin 
experienced a gain of 0.04 quality-adjusted life years (QALYs) over those who received 
oxytocin. Consequently, carbetocin was classified as a dominant strategy. From this 
perspective, it was more effective and less costly (Table 2). 

From a payer’s perspective, carbetocin incurred a higher direct medical cost of  
฿910.44 compared with ฿277.75 for oxytocin. Nevertheless, the ICER was calculated  
at ฿14 243.20 per QALY gained (approximately $433.14), which is well below Thailand’s 
threshold of ฿160 000 per QALY. These findings suggest that despite its higher acquisition 
cost, carbetocin continues to be a cost-effective option for women at high risk for PPH 
undergoing cesarean section (Table 3). 

 
Sensitivity Analysis 

A one-way sensitivity analysis was conducted to evaluate the model’s robustness by 
assessing how changes in individual parameters influence the results. This approach helps 
identify the variables with the greatest impact on cost-effectiveness and ensures that  
the conclusions remain consistent across plausible uncertainty ranges. The outcomes of 
these analyses were determined (Figures 2 and 3). The utility value for cesarean section 
without PPH was the most influential parameter affecting incremental QALYs and costs. 
Additionally, varying the probability of PPH with nonresponse to initial treatment and 
requiring further intervention from 0.4446 to 0.6669 produced notable changes in  
the model’s outcomes. These findings indicate the parameters to which the model is most 
sensitive and therefore require careful consideration in clinical and policy contexts.  
The main conclusions remain stable even when key inputs vary within reasonable ranges, 
supporting the model’s credibility and demonstrating that the cost-effectiveness of 
carbetocin holds across plausible clinical scenarios. 

 
Table 2. Incremental Cost-Effectiveness Ratio Analysis From a Societal Perspective 
Variable Carbetocin Oxytocin 

Total cost, ฿ 2807.00 3635.16 

Effectiveness, QALYs 0.74 0.70 

Incremental cost, ฿ -828.16 

Incremental effectiveness, QALYs 0.04 

ICER, ฿ per QALY gained Cost saving (dominant) 

Abbreviations: ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years. 
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Table 3. Incremental Cost-Effectiveness Ratio From a Payer ’s Perspective 
Variable Carbetocin Oxytocin 

Total cost, ฿ 910.44 277.75 

Effectiveness, QALYs 0.74 0.70 

Incremental cost, ฿ 632.69  

Incremental effectiveness, QALYs 0.04  

ICER, ฿ per QALY gained 14 243.20  

Abbreviations: ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years. 

 
Figure 2. One-Way Sensitivity Analysis of Carbetocin vs Oxytocin for Societal Perspective 

 

Abbreviations: ICER, incremental cost-effectiveness ratio; PPH, postpartum hemorrhage; QALYs, quality-adjusted life years. 

 
Figure 3. One-way Sensitivity Analysis of Carbetocin vs Oxytocin for Payer’s Perspective  

 

Abbreviations: ICER, incremental cost-effectiveness ratio; PPH, postpartum hemorrhage; QALYs, quality-adjusted life years. 
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A scatter plot from a societal perspective showed the distribution of incremental 
costs and QALYs for carbetocin compared with that for oxytocin (Figure 4). A scatter plot 
displays several individual points to show how results vary across different simulations, 
allowing readers to see the uncertainty range and pattern in the analysis. Most points 
appear in the lower-right quadrant of the cost saving plane. This means that carbetocin 
provides more health benefits (higher QALYs) at a lower cost than oxytocin. When an 
intervention offers better outcomes while costing less, it is considered dominant, meaning 
it is cost-effective compared with the alternative. 

The incremental costs and QALYs for carbetocin compared with those for oxytocin 
from the payer’s perspective were analyzed (Figure 5). Most points appear in the upper-
right quadrant, indicating that carbetocin is associated with higher costs and greater 
health benefits. In this context, its cost-effectiveness depends on whether the additional 
improvement in QALYs justifies the higher cost relative to the willingness-to-pay threshold. 

 
Figure 4. Probabilistic Sensitivity Analysis of Carbetocin vs Oxytocin From a Societal Perspective 

 

Abbreviation: QALYs, quality-adjusted life years. 

 
Figure 5. Probabilistic Sensitivity Analysis of Carbetocin vs Oxytocin From a Payer ’s Perspective 

 

Abbreviation: QALYs, quality-adjusted life years. 
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Discussion 
The findings of this study reinforce the growing body of evidence that supports 

carbetocin as a superior alternative to oxytocin for the prevention of PPH,15 particularly in 
women at high risk for PPH undergoing cesarean section. Its enhanced effectiveness is 
demonstrated through a considerable reduction in the need for additional uterotonics,  
with a reported reduction of 20.0% compared with 36.7% in the oxytocin group.16 
Additionally, carbetocin recipients experienced lower average blood loss by mean 
difference at 53.13 (95% CI, 127.35-21.08).16 From an economic standpoint, carbetocin is 
cost-effective in the Thai healthcare setting. Despite higher upfront costs, its clinical 
benefits yield favorable outcomes from societal and payer perspectives. The ICER of ฿14 
243.20 per QALY falls well below the national threshold of ฿160 000 per QALY, reinforcing 
its viability for broader policy adoption. These results are consistent with those of other 
international studies. For instance, Gil-Rojas et al10 reported cost savings of Col$ 94 887 in 
Colombia. Similar trends have been noted in China (total direct cost $161 per birth)13 and 
the United Kingdom (total cost savings of £5495).14 However, Briones et al12 presented 
contrasting results from the Philippines, citing an ICER of $13 187 per QALY, indicating a 
lower level of cost-effectiveness from a societal perspective. 

This study tested 3 key hypotheses. First, carbetocin would be more clinically 
effective than oxytocin in preventing severe PPH, which was confirmed by the significantly 
lower incidence of blood loss > 1000 mL in the carbetocin group.16 Second, carbetocin 
would be more cost-effective than oxytocin, supported by a cost saving of ฿828.16 from  
a societal perspective and a highly favorable ICER from a payer’s perspective. Third, 
sensitivity analyses confirmed the robustness of these conclusions, with probabilistic 
simulations consistently favoring carbetocin in cost-effectiveness comparisons.10, 17 

When compared with those of previous international studies, the findings of this 
analysis provide a coherent and consistent pattern of evidence supporting the value of 
carbetocin. Similar reductions in blood loss and postoperative use of uterotonics have been 
reported in Colombia, China, and the United Kingdom, all of which demonstrated favorable 
economic outcomes despite higher acquisition costs. The divergent results observed in  
the Philippines highlight the influence of contextual factors such as health system costs 
and clinical practice patterns. The integration of these data suggests that the advantages 
of carbetocin are most evident in settings with comparable risk profiles and resource 
structures, reinforcing the relevance of our findings to the Thai context. 

It is also important to consider patient-related factors that may have influenced  
the observed outcomes. In our setting, carbetocin is administered only to women presenting  
with 2 or more high-risk factors for PPH, resulting a greater baseline severity and a higher 
likelihood of complications. These characteristics may contribute to increased procedural 
complexity or the need for additional therapeutic interventions. Decisions regarding 
second-line uterotonics and surgical management were made based on the clinical 
judgment of the attending obstetrician. Importantly, the prescription of carbetocin in  
the study hospital is restricted to specialist obstetricians, thereby minimizing variability 
related to surgeon experience and reducing the likelihood that operator-related factors 
affected the differences between groups. 

The limitations of this study include the reliance on retrospective hospital data, 
which may affect the completeness and accuracy of the information and limit the 
generalizability of the findings to other settings. Additional limitations include the need  
to use assumed values for several zero-event parameters during sensitivity analyses,  
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which may influence estimate precision. Utility values were sourced from international  
literature and were reviewed by Thai clinical experts to improve their contextual relevance.  
Future research incorporating prospective, multicenter data and real-world cost information 
would strengthen the robustness and applicability of future economic evaluations in  
this area. 

 
Conclusions 

Carbetocin demonstrated both clinical and economic superiority over oxytocin in 
preventing PPH in women at high risk for PPH undergoing cesarean section. It not only 
delivers better health outcomes but also represents a cost saving measure from a societal 
perspective and a cost-effective choice from a payer’s perspective. These findings support 
its inclusion in national treatment protocols and essential drug formularies, especially in 
settings where maternal health risks are high. As healthcare systems in Thailand continue 
to evolve, incorporating such value-based practices will be critical for improving maternal 
outcomes while ensuring economic sustainability. 
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