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Abstract

Objective

To evaluate the cost-effectiveness of using mechanical thromboprophylaxis for patients
undergoing a cesarean delivery in Brazil.

Methods

A decision-analytic model built in TreeAge software was used to compare the cost and
effectiveness of intermittent pneumatic compression to prophylaxis with low-molecular-
weight heparin or no prophylaxis from the perspective of the hospital. Related adverse
events were venous thromboembolism, minor bleeding, and major bleeding. Model data
were sourced from peer-reviewed studies through a structured literature search. A willing-
ness-to-pay threshold of R$15,000 per avoided adverse event was adopted. Scenario, one-
way, and probabilistic sensitivity analyses were performed to evaluate the impact of uncer-
tainties on the results.

Results

The costs of care related to venous thromboembolism prophylaxis and associated adverse
events ranged from R$914 for no prophylaxis to R$1,301 for low-molecular-weight heparin.
With an incremental cost-effectiveness ratio of R$7,843 per adverse event avoided. Inter-
mittent pneumatic compression was cost-effective compared to no prophylaxis. With lower
costs and improved effectiveness, intermittent pneumatic compression dominated low-
molecular-weight heparin. The probabilistic sensitivity analyses showed that the probability
of being cost-effective was comparable for intermittent pneumatic compression and no pro-
phylaxis, with low-molecular-weight heparin unlikely to be considered cost-effective (0.07).
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Conclusions

Intermittent pneumatic compression could be a cost-effective option and is likely to be more
appropriate than low-molecular-weight heparin when used for venous thromboembolism
prophylaxis for cesarean delivery in Brazil. Use of thromboprophylaxis should be a risk-strat-
ified, individualized approach.

Introduction

Venous thromboembolism (VTE) is a disease condition that presents as a deep vein thrombo-
sis (DVT) or in more severe cases, a pulmonary embolism (PE). It involves the development of
blood clots (thrombi) inside the deep veins of the legs (DVT), and the potential movement of
the thrombi to the pulmonary artery or its branches (PE) [1]. Bleeding-thromboembolism
duality dilemma is a current challenge of obstetrics. Not long ago, the greatest concern of
health care professionals was accidental hemorrhage during child birth, but today, this fear is
compounded by VTE [2]. Pregnant individuals are at higher risk of experiencing a VTE event
compared to non-pregnant populations, this is due to hypercoagulability, venous stasis, and
endothelial injury [1, 3]. Consequently, embolism, according to research by the World Health
Organization (WHO), is one of the main causes of global maternal death [2]. Covid-19 has
been identified to have a potentially concerning thrombotic effect on pregnancy [4]. An
increase in D-dimer, a protein associated with VTE, and a higher incidence of maternal vascu-
lar thrombosis have been reported in Covid-19 infected pregnant individuals compared to the
non-infected group [5, 6]. Given this possible association, the International Society of Throm-
bosis and Hemostasis (ISTH) and Ministry of Health in Brazil recommends all pregnant indi-
vidual receive a pharmacological thromboprophylaxis [7]. Additionally, birth through
cesarean section has been identified as one of the leading risk factors for postpartum VTE
events [1, 7]. Brazil is known to have the second highest cesarean section rates in the world
after Dominican republic [8], with recent estimates that cesarean delivery accounted for 55.8%
of all deliveries in the country between 2014 and 2017 [9].

To minimize the risk of VTE during cesarean delivery, it is the recommendation of several
clinical guidelines that pregnant patients should receive thromboprophylaxis according to
their VTE risk status [10-13]. More specifically, the Brazilian Federation of Gynecology and
Obstetrics Associations (Federagdo Brasileira das Associagdes de Ginecologia e Obstetricia, FEB-
RASGO) recommends the use of anticoagulants (LMWH) as the drug of choice for the preven-
tion of VTE in pregnancy [13]. But all anticoagulants have inherent bleeding risks which can
result in serious clinical and cost consequences. A meta-analysis showed an increased risk of
postpartum hemorrhage [Relative Risk (RR) 1.52, 95% CI; 1.22-1.88] with the use of prophy-
lactic low-molecular-weight heparin (LMWH) compared to placebo or no treatment in cesar-
ean delivery [14]. In an Argentinian study, the average medical costs of bleeding events
associated with VTE prophylaxis have been estimated to range from approximately A$27,269
[2021 Brazilian Real = R$4,028] for minor bleeding to AR$223,606 [2021 Brazilian Real = R
$36,729] for major bleeding [15].

An alternative approach of preventing VTE without increasing the risk of bleeding is by
using mechanical means to improve venous blood flow velocity in the lower limbs. Intermit-
tent pneumatic compression (IPC) is an example of a mechanical thromboprophylaxis. The
American College of Obstetricians and Gynecologists (ACOG) recommends the use of pneu-
matic compression devices for all women undergoing cesarean delivery [10, 16]. According to
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a large registry study in the US, the use of IPC in all cesarean deliveries has seen a 85.95%
reduction (p = 0.038) in postoperative PE death [17]. Furthermore, limb compression is also
employed as a technique in reducing the risk of intraoperative hypotension during epidural
anesthesia for cesarean delivery and has become the standard of care [18, 19]. According to a
recent Cochrane review, leg compression during spinal anesthesia was shown to be an effective
method to significantly reduce the risk of hypotension [RR 0.61, (95% CI; 0.47-0.78)] [20].
Therefore, using IPC during and after cesarean delivery might provide an added clinical
advantage of reducing the risk intraoperative hypotension.

However, the absolute incidence of VTE after cesarean delivery is low. A large registry
study of about 1.2 million cesarean sections reported an incidence of 0.21% [95% confidence
interval (CI), 0.20-0.22%] between 2015 and 2017 in the United States [21]. Despite the low
risk of VTE in cesarean delivery, the rate of VTE occurrence becomes significant when other
risk factors are taken into consideration, risk factors such as history of VTE, thrombophilia,
sickle cell disease, inflammatory bowel disease, cancer, obesity, preeclampsia and Covid-19
infection [7, 22]. Identification of at-risk individuals and subsequent selection of the most
appropriate form of VTE prophylaxis is thus of paramount importance to providing cost-effec-
tive healthcare. Currently, there is no health economic comparison between IPC and standard
of care during cesarean delivery in Brazil. Hence, there are open questions about the cost-effec-
tiveness of the different prevention strategies in Brazilian hospitals. The primary objective of
this analysis was to evaluate the cost-effectiveness of IPC compared to no prophylaxis or
LMWH in patients undergoing a cesarean section.

Methods

A cost-effectiveness analysis was performed from the perspective of a Brazilian hospital using a
decision-tree health economic model. The patient population considered were pregnant
patients undergoing a cesarean delivery in Brazil. The modeled time horizon of the analysis
was from receiving the cesarean section to discharge from hospital, reported to be two to three
days in Brazil [23]. Our findings in this publication are reported according to the Consolidated
Health Economic Evaluation Reporting Standards (CHEERS 2022) checKklist (see S1 Table in S1
File) [24].

Patient population

Included in this cost-effectiveness analysis was a theoretical cohort of pregnant patients requir-
ing a cesarean delivery. The model used clinical data extracted from peer-reviewed studies as
inputs; no primary clinical data was processed, and the analysis did not involve the use of
human subjects. No exclusion criteria were applied in the model, though readers should famil-
iarize themselves with the primary literature cited to understand any inclusion and exclusion
bias that may be present in the literature inputs used.

Model structure

A decision-tree model was developed using TreeAge Pro™ 2022 software (Healthcare version)
to compare three different thromboprophylaxis strategies: mechanical prophylaxis (IPC),
pharmacological prophylaxis (LMWH), and no prophylaxis (Fig 1). The events in the care
pathway were assumed to be non-recursive and together with the short time horizon (three
days) were the reason for adopting a decision-tree model structure [25]. Discounting of costs
was deemed unnecessary due to the short time horizon.
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Fig 1. Decision-tree model structure comparing three thromboprophylaxis strategies. The pathways of LMWH and no
prophylaxis strategies are the same as with IPC. Blue square node represents the initial decision node of each strategy; green
circle nodes represent chance nodes; red triangle nodes represent terminal nodes. Abbreviations: IPC, intermittent
pneumatic compression; LMWH, low-molecular-weight heparin; DVT, deep vein thrombosis, AE, adverse event, PE,

pulmonary embolism.

https://doi.org/10.1371/journal.pone.0287812.9001

Literature search

A structured literature search was performed on PubMed to identify relevant peer-reviewed
studies for informing the model design and providing the input data. The search was initially
conducted in April 2022 and further targeted searches were carried out for any identified data
gaps. Data from meta-analyses and randomized controlled trials, as well as most recent publi-

cations from Central and South America were favored.

Clinical care pathway

The model simulates the clinical care pathway of a patient during and after cesarean delivery
in the hospital. LMWH is the recommended thromboprophylaxis post cesarean section in Bra-
zil and the no prophylaxis strategy was included because according to the FEBRASCO guide-
line on thromboprophylaxis, prophylaxis should be administered according to VTE and
bleeding risk factors [13]. IPC can and is sometimes recommended to be used in the intrao-
perative setting (for prevention of intraoperative hypotension) as well as in the postoperative

setting for VTE prophylaxis. In our model, intraoperative hypotension is not considered as a
VTE or thromboprophylaxis-related adverse event, rather as an intermediate event highlight-

ing the effect of intraoperative use of IPC.
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Clinical effectiveness

A patient in the model may or may not have intraoperative hypotension during the cesarean
section and may or may not have any of the postoperative adverse events (i.e., minor bleeding,
major bleeding, DVT and PE). A patient with VTE, assumed to be DVT initially, has a risk of
developing a subsequent PE.

The primary efficacy outcome in this analysis was the combined incidence of all cesarean
sections not impacted by any VTE-related adverse event. Whereby, the value one means that
all VTE-related adverse events were avoided, and the value zero means that every cesarean sec-
tion was impacted by at least one adverse event. The expected effectiveness of each strategy
was determined by calculating the respective probabilities and summing them across all the
pathways. The probabilities of the adverse events (DVT, PE, minor bleeding, and major bleed-
ing) were extracted from a previously published cost-effectiveness analysis comparing throm-
boprophylaxis with IPC versus no prophylaxis (see Table 1) [26]. A Cochrane review of

Table 1. Baseline clinical and cost input parameters for the model.

Parameters by measure Value (Variance)® Data source

Incidences, %°

DVT post cesarean delivery 0.70 (0.10-3.0) [26]
PE due to DVT 20.0 (15-25) [26]
Minor bleed 6.80 (3-10) [26]
Major bleed 1.40 (0.60-2.0) [26]
Mortality 0.0026 [29]
Hypotension 66.29 [20]
Costs, R$®
DVT 9,524 (7,486-12,036) [15]
PE 10,618 (7,666-13,557) [15]
Minor bleed 4,479 [15]
Major bleed 36,730 [15]
Hypotension 30 (20-40) [30]
LMWH 50 [31]
IPC 102 Data on file®
Relative efficacy, RR
IPC versus LMWH on DVT or PE 0.87 (0.08-9.50) [32]
LMWH versus no treatment on DVT 0.33(0.01-7.93) [33]
LMWH versus no treatment on minor bleeding 2.12 (1.15-3.93) [33]
LMWH versus no treatment on major bleeding 1.48 (0.25-8.72) [33]
Lower limb compression versus control on hypotension d 0.36 (0.22-0.56) [34]
Notes:

#10% variation was assumed where variance was not provided;

b All cost data were inflated to 2021 Brazilian Real (R$);

“ RR was estimated from the reported odds ratio;

dRelative efficacy of IPC on hypotension was estimated from that of lower limb compression, the event rate of
hypotension with IPC was then calculated at 66.29% x 0.36 (RR) = 23.86%;

¢ Baseline incidences with no prophylaxis,

fIPC cost data provided by Cardinal Health

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; LMWH, low-molecular-weight heparin; RR,

relative risk; IPC, intermittent pneumatic compression.

https://doi.org/10.1371/journal.pone.0287812.t001
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preventing adverse events during spinal anesthesia for cesarean delivery provided the proba-
bility of intraoperative hypotension [20].

Costs

All costs were estimated from the hospital payer perspective, therefore, only direct hospital
costs of thromboprophylaxis and costs of managing associated adverse events were considered.
Delivery-related costs, including the cost for a cesarean delivery were not modeled as they
were assumed to be equal for all comparators. Cost data were mostly extracted from published
studies, and, when unavailable, experts were consulted. Costs from previous years and curren-
cies were converted to 2021 Brazilian Real (R$) using the respective exchange rates and Brazil’s
Consumer Price Index [27, 28]. A summary of the all the cost data and their sources are pre-
sented in Table 1.

Cost per patient was calculated for each strategy. The incremental cost-effectiveness ratio
(ICER), defined as the additional cost per adverse event avoided, was estimated for mechanical
prophylaxis compared to no prophylaxis or pharmacological prophylaxis. The ICER is calcu-
lated as:

Cost of strategy 1 — Cost of strategy 2

ICER =
Effectiveness of strategy 1 — Effectiveness of strategy 2

Model assumptions

To estimate the cost-effectiveness of the three strategies over the time horizon of three days,
the following assumptions were made:

o The postoperative adverse events were assumed to be mutually exclusive except for PE
which evolves from a DVT event; a patient could experience only one of the four adverse
events.

« As there is no consensus on an accepted willingness-to-pay threshold for Brazil, a previously
reported willingness-to-pay value of R$15,000 per avoided AEs after thromboprophylaxis
was used [35].

The non-AE related mortality of patients within the time horizon was assumed to be zero.

o Only maternal outcomes were considered and no impact of the prophylaxis regimen on the
infant was assumed.

o Long-term VTE-related adverse events such as chronic thromboembolic pulmonary hyper-
tension (CTEPH) and post-thrombotic syndrome (PTS) were assumed not to present within
the time horizon of this model. As such, they are unlikely to influence a hospital payers’
determination of which method of VTE prophylaxis is optimal for the hospital to pursue.

Sensitivity analysis

One-way sensitivity, probabilistic sensitivity, and scenario analyses were performed to explore
the uncertainty around model outcomes. The aim of the one-way sensitivity analysis was to
identify the model inputs that have the greatest impact on the model outputs; results are pre-
sented as a tornado diagram. The impact of the risk of VTE on per patient cost of each strategy
was also explored. For the probabilistic sensitivity analyses, a distribution was assigned to each
parameter based on the mean and their corresponding variance: lognormal distribution for
relative risks, gamma distribution for cost data and beta distribution for transition probabili-
ties. In our analysis, the distributions of each parameter were randomly sampled over 1,000
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Monte Carlo simulations to determine the overall proportion at which each thromboprophy-
laxis is cost-effective at a willingness-to-pay (WTP) value. A WTP threshold of approximately
R$15,000 per avoided AEs was considered.

The scenario analysis considered the cost per patient in hypothetical situations where IPC
is used only during or only after cesarean delivery.

Results

The cost per patient was estimated at R$914 with no prophylaxis. For the base case, the use of
IPC and LMWH increased the cost to R$ 950 and R$1,301, respectively. For the effectiveness,
the results of no prophylaxis and IPC prophylaxis were comparable (Table 2), with 91.2% and
91.6% of patients avoiding any adverse event. The effectiveness of LMWH was lower, with
only 86.1% avoiding any adverse event. Given the lower cost and increased effectiveness asso-
ciated with no prophylaxis and IPC prophylaxis, the use of these two strategies dominated the
use of LMWH. The ICER for IPC prophylaxis versus “no prophylaxis” was calculated as R
$7,843 per AEs avoided (Table 2), substantially below the WTP threshold (R$15,000 per
avoided AEs).

According to the results of the one-way sensitivity analysis (see S1 and S2 Figs in S1 File),
the cost-effectiveness result of IPC versus no prophylaxis was heavily influenced by the proba-
bility for DVT (estimate 0.03-0.001). On the other hand, the key drivers of the cost difference
between IPC and no prophylaxis were the relative risks of LMWH on minor and major bleed-
ing, the relative risk of IPC on DVT, and the probabilities of minor bleeding and major bleed-
ing. This means that the cost-effectiveness of IPC versus LMWH was heavily influenced by
bleeding events.

Considering only the incidence of VTE, a plot of its uncertainty estimates showed that the
use of IPC is the more cost-saving strategy in comparison to no prophylaxis when the inci-
dence of VTE is higher than 1.20% (Fig 2).

The results of the PSA were represented using a cost-effectiveness plane of 1,000 Monte
Carlo simulations and a cost-effectiveness acceptability curve. Compared to no prophylaxis,
IPC was superior in only 17.6% of the simulated cases and in 86.3% of cases compared to
LMWH, which means that IPC has a higher likelihood of being cost effective in comparison to
LMWH. The scatterplots in Fig 3 show the relationship between costs and effectiveness for all
simulated strategy. At a WTP threshold of R$15,000 per VTE event avoided, the probability of
being cost-effective was 0.49 for “no prophylaxis” 0.44 for IPC, and 0.07 for LMWH (Fig 4).

The impact of using IPC intraoperatively and postoperatively is clear from the scenario
analyses (see Table 3). That is, if used only during and only after cesarean delivery, IPC is likely
to have a R$54 and R$13 higher cost per patient than the baseline cost respectively where the
use of IPC is modeled until discharge from the hospital. The effectiveness was also shown to be
comparable among the different scenarios.

Table 2. Model results.

Cost, R$ Incremental Cost, R$ Effectiveness Incremental Effectiveness ICER, R$
No prophylaxis 914 0.912
IPC 950 36 0.916 0.005 7,843
LMWH 1,301 351 0.861 -0.055 Dominated

Abbreviations: R$, Brazilian Real; IPC, intermittent pneumatic compression; LMWH, low-molecular-weight heparin; ICER, incremental cost-effectiveness ratio

https://doi.org/10.1371/journal.pone.0287812.t1002
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Fig 2. Illustrating the cost per patient of the three strategies with increasing incidence of VTE. Abbreviations: R$, Brazilian Real; IPC, intermittent
pneumatic compression; LMWH, low-molecular-weight heparin.

https://doi.org/10.1371/journal.pone.0287812.9002

Discussion

A current problem in obstetric practice is VTE, especially given the reductions in hemorrhagic
complications and infections during pregnancy and puerperium observed in more developed
settings. Mechanical and pharmaceutical preventative measures have been used to reduce the
incidence of VTE and its immediate and long-term effects [36].

This cost-effectiveness study analyzed the cost-effectiveness of using a mechanical throm-
boprophylaxis compared to no prophylaxis or LMWH during cesarean delivery from a hospi-
tal perspective in Brazil. The result of our analysis showed that the cost of the prophylaxis
strategies ranged from R$914- R$1,301 per patient. Our analysis also showed that IPC could be
a cost-effective option compared to no prophylaxis as the calculated ICER of R$7,843 was
lower than the estimated willingness-to-pay threshold of R$15,000 per avoided AEs. Further-
more, the PSA result showed that at the WTP threshold, probability of cost-effectiveness of no
prophylaxis and IPC were comparable. Compared to LMWH however, the difference was sub-
stantial. With an ICER of -R$6,389, our model showed that the use of IPC during cesarean
delivery avoided complications at a lower cost of hospital care. This may be due to the inherent
risk of bleeding caused by administering LMWH, an adverse event which significantly
increases the overall cost of complications. Although recommended by the Brazilian Federa-
tion of Gynecology and Obstetrics Associations (FEBRASCO) as the thromboprophylaxis of
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https://doi.org/10.1371/journal.pone.0287812.9003
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choice, LMWH may not be the most cost-effective option available for the prevention of VTE
during cesarean delivery as shown by the results of our analysis [13].

Currently, there is insufficient evidence supporting the cost-effectiveness of mechanical
thromboprophylaxis in obstetrics and gynecology. In orthopedics, however, the use of IPC
alone or in combination with an anticoagulant have been reported as cost-effective strategies
in the United States and Australia [37, 38]. The cost-effectiveness of mechanical thrombopro-
phylaxis in gynecology was estimated by Casele and colleagues in 2006 [26]. In this study, a
decision-tree with a Markov model was used to compare the cost and the quality adjusted life
years (QALYs) of IPC versus no prophylaxis at the time of cesarean delivery from a healthcare
system perspective [26]. Unlike in our study, the cost and consequences of long-term AEs such
as post thrombotic syndrome and cardiovascular accident were also modeled alongside the
VTE and bleeding events [26]. The ICER of routine use of a mechanical thromboprophylaxis
during cesarean delivery was estimated at $39,545 per QALY [26]. Again, the results of this
study are not fully comparable to our results because of the differences in the model setup and
the included adverse events. Despite these differences, the results of both analyses support the
cost-effectiveness of IPC use for cesarean delivery.

Generally, the risk of VTE is known to be increased after delivery, a risk further com-
pounded when the delivery is via a cesarean section [7]. In Brazil, where there is a high

Table 3. Results of scenario analyses.

Scenario comparison Cost, R$ Effectiveness

IPC—intra + post op 950 0.916
IPC—post op 963 0.916
IPC—intra op 1,004 0.912

https://doi.org/10.1371/journal.pone.0287812.t003
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proportion of cesarean deliveries, efforts are made to keep the risk of VTE at their lowest. For
example, a VTE risk assessment model was introduced to designate the necessity and duration
of thromboprophylaxis use. This has resulted in lower PE-related maternal death and an estab-
lishment of a risk stratification score [7]. However, the risk stratification and recommenda-
tions of the appropriate thromboprophylaxis are ongoing debates even among the different
international guidelines [16]. Patients with a high risk of bleeding should avoid the use of anti-
coagulants such as LMWH, while patients with high risk of VTE without a high bleeding risk
should be provided with the most cost-effective prophylaxis regimen. The results of our sensi-
tivity analysis support the hypothesis that IPC would be a cost-effective option for cesarean
delivery patients with high risk of VTE in Brazil, however, a risk-stratified individualized
approach is recommended owing to the low absolute risk of VTE complications in obstetrics.
The increasing rate of cesarean deliveries has not been justified by reduction in relevant clini-
cal outcomes, and as indicated by Venturella et al. 2018, this trend may rather be linked to
improper clinical practices and healthcare deficiencies [39]. Therefore, avoiding unnecessary
cesarean deliveries could also reduce healthcare costs related to VTE in obstetrics practice in
Brazil. A well-designed study comparing the clinical effectiveness of mechanical and pharma-
cological thromboprophylaxis could establish relative efficacy in this patient population and
bring added validity to this model.

Our cost-effectiveness analysis has several limitations. As with any economic analysis, the
results of the model are dependent upon the variables that are used. The relative efficacy of the
two interventions, values that could materially alter the results, were derived from non-obstet-
ric literature. The generalizability of its efficacy to an obstetric population is not well known.
There is no direct comparison for mechanical and pharmacological VTE prophylaxis available
for obstetrics and gynecology in Brazil. Relative efficacy comparing the two strategies was
sourced from a study involving abdominoplasty surgical patients. Other data was sourced
from international randomized control trials, which do not necessarily represent the Brazilian
healthcare system. It is assumed that the efficacy and safety reported in those trials is compara-
ble for all populations. Similarly, local cost data was not available for all inputs. The application
of our study’s results will depend on local clinical practices, such as whether VTE prophylaxis
is routinely employed or if the standard of care involves no prophylaxis. Although our analysis
involved the use of a theoretical cohort of patients and not human subject, our findings will
support healthcare providers in determining the most cost-effective approaches for VTE pro-
phylaxis when the intervention is deemed necessary.

Conclusion

From the perspective of the hospital payer, the results of our analysis showed that the use of
mechanical thromboprophylaxis could be a cost-effective alternative for preventing VTE-
related complications in patients undergoing cesarean delivery in Brazil. For patients requiring
thromboprophylaxis, providers should consider intra- and postoperative use of IPC.

Supporting information

S1 File.
(DOCX)

Acknowledgments

We thank everyone that contributed to the research and the creation of this manuscript.

PLOS ONE | https://doi.org/10.1371/journal.pone.0287812  June 29, 2023 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0287812.s001
https://doi.org/10.1371/journal.pone.0287812

PLOS ONE

Cost-effectiveness of mechanical thromboprophylaxis in Brazil

Author Contributions

Conceptualization: Alex Veloz, Ubong Silas, Rhodri Saunders, Jody Grisamore, André Luiz

Malavasi.

Formal analysis: Alex Veloz, Ubong Silas, Rhodri Saunders.

Investigation: André Luiz Malavasi.

Methodology: Alex Veloz, Ubong Silas, Rhodri Saunders, André Luiz Malavasi.

Visualization: Alex Veloz, Ubong Silas, Rhodri Saunders.

Writing - original draft: Alex Veloz, Ubong Silas.

Writing - review & editing: Alex Veloz, Ubong Silas, Rhodri Saunders, Jody Grisamore,

André Luiz Malavasi.

References

1.

10.

11.

12

13.

14.

de Oliveira ALML, Marques MA. Profilaxia de tromboembolismo venoso na gestac¢éo. J Vasc Bras.
2016; 15:293-301. https://doi.org/10.1590/1677-5449.006616

Say L, Chou D, Gemmill A, Tuncalp O, Moller A-B, Daniels J, et al. Global causes of maternal death: a
WHO systematic analysis. The Lancet Global Health. 2014; 2:e323—e333. https://doi.org/10.1016/
S§2214-109X(14)70227-X PMID: 25103301

Simcox LE, Ormesher L, Tower C, Greer IA. Pulmonary thrombo-embolism in pregnancy: diagnosis
and management. Breathe (Sheff). 2015; 11:282-9. https://doi.org/10.1183/20734735.008815 PMID:
27066121

Di Girolamo R, Khalil A, Alameddine S, D’Angelo E, Galliani C, Matarrelli B, et al. Placental histopathol-
ogy after SARS-CoV-2 infection in pregnancy: a systematic review and meta-analysis. Am J Obstet
Gynecol MFM. 2021; 3:100468. https://doi.org/10.1016/j.ajogmf.2021.100468 PMID: 34425296

Grgi¢ G, Cerovac A, Hudi¢ |, Lagana AS, Favilli A, Garzon S, et al. Clinical Manifestation and Obstetric
Outcomes in Pregnant Women with SARS-CoV-2 Infection at Delivery: A Retrospective Cohort Analy-
sis. J Pers Med 2022. https://doi.org/10.3390/jpm 12091480 PMID: 36143264

Wong YP, Tan GC, Omar SZ, Mustangin M, Singh Y, Salker MS, et al. SARS-CoV-2 Infection in Preg-
nancy: Placental Histomorphological Patterns, Disease Severity and Perinatal Outcomes. Int J Environ
Res Public Health 2022. https://doi.org/10.3390/ijerph19159517 PMID: 35954874

José Amédeé Péret F, Braga de Paula L. VTE Prophylaxis in Cesarean Section. In: Tsikouras P, Niko-
lettos N, Rath W, von Tempelhoff GF, editors. Current Topics in Caesarean Section. London: IntechO-
pen; 2021. https://doi.org/10.5772/intechopen.98974

Betran AP, Ye J, Moller A-B, Souza JP, Zhang J. Trends and projections of caesarean section rates:
global and regional estimates. BMJ Glob Health 2021. https://doi.org/10.1136/bmjgh-2021-005671
PMID: 34130991

Rudey EL, Leal MdC, Rego G. Cesarean section rates in Brazil: Trend analysis using the Robson clas-
sification system. Medicine (Baltimore). 2020; 99:€19880. https://doi.org/10.1097/MD.
0000000000019880 PMID: 32332659

ACOG. ACOG Practice Bulletin No. 196: Thromboembolism in Pregnancy. Obstet Gynecol. 2018; 132:
el1—e17. https://doi.org/10.1097/A0G.0000000000002706 PMID: 29939938

RCOG. Reducing the Risk of Venous Thromboembolism during Pregnancy and the Puerperium.
2015.

Bates SM, Greer IA, Middeldorp S, Veenstra DL, Prabulos A-M, Vandvik PO. VTE, thrombophilia,
antithrombotic therapy, and pregnancy: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest. 2012; 141:
e691S—e736S. https://doi.org/10.1378/chest.11-2300 PMID: 22315276

Barros V, Malavasi A, Igai A, Salazar C, Nascimenro D, Eduardo Z, et al. Prevengéo do tromboembo-
lismo na gestante hospitalizada—Protocolos FEBRASGO. In:; 2021.

Sirico A, Saccone G, Maruotti GM, Grandone E, Sarno L, Berghella V, et al. Low molecular weight hep-
arin use during pregnancy and risk of postpartum hemorrhage: a systematic review and meta-analysis.
J Matern Fetal Neonatal Med. 2019; 32:1893-900. https://doi.org/10.1080/14767058.2017.1419179
PMID: 29251025

PLOS ONE | https://doi.org/10.1371/journal.pone.0287812  June 29, 2023 12/14


https://doi.org/10.1590/1677-5449.006616
https://doi.org/10.1016/S2214-109X%2814%2970227-X
https://doi.org/10.1016/S2214-109X%2814%2970227-X
http://www.ncbi.nlm.nih.gov/pubmed/25103301
https://doi.org/10.1183/20734735.008815
http://www.ncbi.nlm.nih.gov/pubmed/27066121
https://doi.org/10.1016/j.ajogmf.2021.100468
http://www.ncbi.nlm.nih.gov/pubmed/34425296
https://doi.org/10.3390/jpm12091480
http://www.ncbi.nlm.nih.gov/pubmed/36143264
https://doi.org/10.3390/ijerph19159517
http://www.ncbi.nlm.nih.gov/pubmed/35954874
https://doi.org/10.5772/intechopen.98974
https://doi.org/10.1136/bmjgh-2021-005671
http://www.ncbi.nlm.nih.gov/pubmed/34130991
https://doi.org/10.1097/MD.0000000000019880
https://doi.org/10.1097/MD.0000000000019880
http://www.ncbi.nlm.nih.gov/pubmed/32332659
https://doi.org/10.1097/AOG.0000000000002706
http://www.ncbi.nlm.nih.gov/pubmed/29939938
https://doi.org/10.1378/chest.11-2300
http://www.ncbi.nlm.nih.gov/pubmed/22315276
https://doi.org/10.1080/14767058.2017.1419179
http://www.ncbi.nlm.nih.gov/pubmed/29251025
https://doi.org/10.1371/journal.pone.0287812

PLOS ONE

Cost-effectiveness of mechanical thromboprophylaxis in Brazil

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

Elgart J, Albaytero MN, Ceresetto JM, Gandara E, Mac Mullen M, Cano L, et al. PSY7 VENOUS
THROMBOEMBOLISM DISEASE: DIRECT COSTS ASSOCIATED WITH ITS TREATMENT IN
ARGENTINA. Value in Health Regional Issues. 2019; 19:S81. https://doi.org/10.1016/j.vhri.2019.08.449

Pacheco LD, Saade G, Metz TD. Society for Maternal-Fetal Medicine Consult Series #51: Thromboem-
bolism prophylaxis for cesarean delivery. American journal of obstetrics and gynecology. 2020; 223:
B11-B17. https://doi.org/10.1016/j.ajog.2020.04.032 PMID: 32360109

Clark SL, Christmas JT, Frye DR, Meyers JA, Perlin JB. Maternal mortality in the United States: predict-
ability and the impact of protocols on fatal postcesarean pulmonary embolism and hypertension-related
intracranial hemorrhage. American journal of obstetrics and gynecology. 2014; 211:32.e1-9. https://doi.
org/10.1016/j.ajog.2014.03.031 PMID: 24631705

Singh K, Nautiyal R, Payal YS, Sharma JP. Evaluation of hemodynamic changes after leg wrapping in
elective cesarean section under spinal anesthesia. J Obstet Anaesth Crit Care. 2014; 4:23. https://doi.
org/10.4103/2249-4472.132818

Ebrahim Elgzar WT, Ebrahim Said H, Ebrahim HA. Effect of lower leg compression during cesarean
section on post-spinal hypotension and neonatal hemodynamic parameters: nonrandomized controlled
clinical trial. Int J Nurs Sci. 2019; 6:252-8. https://doi.org/10.1016/}.ijnss.2019.06.003 PMID: 31508443

Chooi C, Cox JJ, Lumb RS, Middleton P, Chemali M, Emmett RS, et al. Techniques for preventing hypo-
tension during spinal anaesthesia for caesarean section. Cochrane Database Syst Rev. 2017; 8:
CD002251. hitps://doi.org/10.1002/14651858.CD002251.pub3 PMID: 28976555

Federspiel JJ, Wein LE, Addae-Konadu KL, Darwin KC, Talamo LE, Myers ER, James AH. Venous
thromboembolism incidence among patients recommended for pharmacologic thromboembolism pro-
phylaxis after cesarean delivery in selected guidelines. J Thromb Haemost. 2021; 19:830-8. https://doi.
org/10.1111/jth.15218 PMID: 33345404

RCOG. Thrombosis and Embolism during Pregnancy and the Puerperium: Acute Management (Green-
top Guideline No. 37b) | RCOG. 2015. https://www.rcog.org.uk/guidance/browse-all-guidance/green-
top-guidelines/thrombosis-and-embolism-during-pregnancy-and-the-puerperium-acute-management-
green-top-guideline-no-37b/. Accessed 17 Oct 2022.

Pereira SL, Da Silva TPR, Moreira AD, Novaes TG, Pessoa MC, Matozinhos IP, et al. Factors associ-
ated with the length of hospital stay of women undergoing cesarean section. Rev Saude Publica. 2019;
53:65. https://doi.org/10.11606/s1518-8787.2019053001113 PMID: 31483006

Consolidated Health Economic Evaluation Reporting Standards (CHEERS) 2022 Explanation and Elab-
oration: A Report of the ISPOR CHEERS Il Good Practices Task Force. Value Health. 2022; 25:1060.
https://doi.org/10.1016/j.jval.2022.03.002 PMID: 35474251

Drummond MF. Methods for the economic evaluation of health care programmes. 3rd ed. Oxford:
Oxford University Press; 2005.

Casele H, Grobman WA. Cost-effectiveness of thromboprophylaxis with intermittent pneumatic com-
pression at cesarean delivery. Obstet Gynecol. 2006; 108:535—40. https://doi.org/10.1097/01.AOG.
0000227780.76353.05 PMID: 16946212

Exchange Rates. Argentine Peso to Brazilian Real Spot Exchange Rates for 2018. https://www.
exchangerates.org.uk/ARS-BRL-spot-exchange-rates-history-2018.html. Accessed 6 Jul 2022.

Federal Reserve Bank of St. Louis. Consumer Price Index: All Items for Brazil; 2022.

Darze ES, Casqueiro JB, Ciuffo LA, Santos JM, Magalhaes IR, Latado AL. Pulmonary Embolism Mor-
tality in Brazil from 1989 to 2010: Gender and Regional Disparities. Arq Bras Cardiol. 2016; 106:4—12.
https://doi.org/10.5935/abc.20160001 PMID: 26559854

Saunders R, Davis JA, Kranke P, Weissbrod R, Whitaker DK, Lightdale JR. Clinical and economic bur-
den of procedural sedation-related adverse events and their outcomes: analysis from five countries.
Ther Clin Risk Manag. 2018; 14:393—401. https://doi.org/10.2147/TCRM.S154720 PMID: 29535525

Ramacciotti E, Gomes M, de Aguiar ET, Caiafa JS, de Moura LK, Aratjo GR, et al. A cost analysis of
the treatment of patients with post-thrombotic syndrome in Brazil. Thromb Res. 2006; 118:699-704.
https://doi.org/10.1016/j.thromres.2005.12.005 PMID: 16417913

Pontelli EP, Scialom JM, Santos-Pontelli TEGd. Profilaxia tromboembodlica farmacolégica e por com-
presséo pneumatica intermitente em 563 casos consecutivos de abdominoplastia. Rev. Bras. Cir.
Plast. 2012; 27:77-86. https://doi.org/10.1590/51983-51752012000100013

Middleton P, Shepherd E, Gomersall JC. Venous thromboembolism prophylaxis for women at risk dur-
ing pregnancy and the early postnatal period. Cochrane Database Syst Rev. 2021; 3:CD001689.
https://doi.org/10.1002/14651858.CD001689.pub4 PMID: 33779986

Fitzgerald JP, Fedoruk KA, Jadin SM, Carvalho B, Halpern SH. Prevention of hypotension after spinal
anaesthesia for caesarean section: a systematic review and network meta-analysis of randomised con-
trolled trials. Anaesthesia. 2020; 75:109-21. https://doi.org/10.1111/anae.14841 PMID: 31531852

PLOS ONE | https://doi.org/10.1371/journal.pone.0287812  June 29, 2023 13/14


https://doi.org/10.1016/j.vhri.2019.08.449
https://doi.org/10.1016/j.ajog.2020.04.032
http://www.ncbi.nlm.nih.gov/pubmed/32360109
https://doi.org/10.1016/j.ajog.2014.03.031
https://doi.org/10.1016/j.ajog.2014.03.031
http://www.ncbi.nlm.nih.gov/pubmed/24631705
https://doi.org/10.4103/2249-4472.132818
https://doi.org/10.4103/2249-4472.132818
https://doi.org/10.1016/j.ijnss.2019.06.003
http://www.ncbi.nlm.nih.gov/pubmed/31508443
https://doi.org/10.1002/14651858.CD002251.pub3
http://www.ncbi.nlm.nih.gov/pubmed/28976555
https://doi.org/10.1111/jth.15218
https://doi.org/10.1111/jth.15218
http://www.ncbi.nlm.nih.gov/pubmed/33345404
https://www.rcog.org.uk/guidance/browse-all-guidance/green-top-guidelines/thrombosis-and-embolism-during-pregnancy-and-the-puerperium-acute-management-green-top-guideline-no-37b/
https://www.rcog.org.uk/guidance/browse-all-guidance/green-top-guidelines/thrombosis-and-embolism-during-pregnancy-and-the-puerperium-acute-management-green-top-guideline-no-37b/
https://www.rcog.org.uk/guidance/browse-all-guidance/green-top-guidelines/thrombosis-and-embolism-during-pregnancy-and-the-puerperium-acute-management-green-top-guideline-no-37b/
https://doi.org/10.11606/s1518-8787.2019053001113
http://www.ncbi.nlm.nih.gov/pubmed/31483006
https://doi.org/10.1016/j.jval.2022.03.002
http://www.ncbi.nlm.nih.gov/pubmed/35474251
https://doi.org/10.1097/01.AOG.0000227780.76353.05
https://doi.org/10.1097/01.AOG.0000227780.76353.05
http://www.ncbi.nlm.nih.gov/pubmed/16946212
https://www.exchangerates.org.uk/ARS-BRL-spot-exchange-rates-history-2018.html
https://www.exchangerates.org.uk/ARS-BRL-spot-exchange-rates-history-2018.html
https://doi.org/10.5935/abc.20160001
http://www.ncbi.nlm.nih.gov/pubmed/26559854
https://doi.org/10.2147/TCRM.S154720
http://www.ncbi.nlm.nih.gov/pubmed/29535525
https://doi.org/10.1016/j.thromres.2005.12.005
http://www.ncbi.nlm.nih.gov/pubmed/16417913
https://doi.org/10.1590/S1983-51752012000100013
https://doi.org/10.1002/14651858.CD001689.pub4
http://www.ncbi.nlm.nih.gov/pubmed/33779986
https://doi.org/10.1111/anae.14841
http://www.ncbi.nlm.nih.gov/pubmed/31531852
https://doi.org/10.1371/journal.pone.0287812

PLOS ONE

Cost-effectiveness of mechanical thromboprophylaxis in Brazil

35.

36.

37.

38.

39.

de Brito AFS, Brito NC, Tanaka SKT, Ferreira VL, Ferreira ABS Junior, Riveros BS, et al. Thrombopro-
phylaxis of Patients Submitted to Total Hip and Knee Arthroplasty: A Cost-Effectiveness Assessment
From the Perspective of the Brazilian National Health System. Value in Health Regional Issues. 2022;
31:111-8. https://doi.org/10.1016/j.vhri.2022.04.002 PMID: 35640463

de Oliveira ALML, Paschda AF, Marques MA. Venous thromboembolism in women: new challenges for
an old disease. J Vasc Bras. 2020; 19:e20190148. https://doi.org/10.1590/1677-5449.190148 PMID:
34178071

Torrejon Torres R, Saunders R, Ho KM. A comparative cost-effectiveness analysis of mechanical and
pharmacological VTE prophylaxis after lower limb arthroplasty in Australia. J Orthop Surg Res. 2019;
14:93. https://doi.org/10.1186/s13018-019-1124-y PMID: 30940168

Saunders R, Comerota AJ, Ozols A, Torrejon Torres R, Ho KM. Intermittent pneumatic compression is
a cost-effective method of orthopedic postsurgical venous thromboembolism prophylaxis. Clinicoecon
Outcomes Res. 2018; 10:231—41. https://doi.org/10.2147/CEOR.S157306 PMID: 29719413

Venturella R, Quaresima P, Micieli M, Rania E, Palumbo A, Visconti F, et al. Non-obstetrical indications
for cesarean section: a state-of-the-art review. Arch Gynecol Obstet. 2018; 298:9-16. https://doi.org/
10.1007/s00404-018-4742-4 PMID: 29560505

PLOS ONE | https://doi.org/10.1371/journal.pone.0287812  June 29, 2023 14/14


https://doi.org/10.1016/j.vhri.2022.04.002
http://www.ncbi.nlm.nih.gov/pubmed/35640463
https://doi.org/10.1590/1677-5449.190148
http://www.ncbi.nlm.nih.gov/pubmed/34178071
https://doi.org/10.1186/s13018-019-1124-y
http://www.ncbi.nlm.nih.gov/pubmed/30940168
https://doi.org/10.2147/CEOR.S157306
http://www.ncbi.nlm.nih.gov/pubmed/29719413
https://doi.org/10.1007/s00404-018-4742-4
https://doi.org/10.1007/s00404-018-4742-4
http://www.ncbi.nlm.nih.gov/pubmed/29560505
https://doi.org/10.1371/journal.pone.0287812

