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Scientific summary

Background

Pharmacological prophylaxis to prevent venous thromboembolism (VTE) is currently recommended for
women who are deemed to be at high risk of VTE during pregnancy or in the 6 weeks after delivery (the
puerperium). The decision to provide prophylaxis involves weighing the benefits, harms and costs, which
will vary according to the individual’s VTE risk. It is unclear whether the current risk stratification
approach could be improved by further research.

Aims and objectives

The aim of this research was to determine whether further primary research is worthwhile to inform
NHS practice on the use of risk assessment models (RAMs) for the prediction of VTE and appropriate
provision of thromboprophylaxis for women in pregnancy and in the puerperium. The specific objectives
were:

1. to estimate the expected costs and health benefits of providing thromboprophylaxis using current
and alternative RAMs and quantify decision uncertainty

2. to determine which factors are the most important drivers of uncertainty when trying to determine
the optimal risk-based thromboprophylaxis strategy

3. toidentify one or more potential future studies that would reduce the current decision uncertainty,
while being feasible and acceptable to patients and clinicians

4. to evaluate the value of future research studies in terms of the net health benefits to patients and
the cost of the research.

Methods

To identify all relevant RAMs and their predictive performance, we undertook a systematic review in
accordance with the preferred reporting items for systematic review and meta-analysis (PRISMA)
statement. Systematic searches were performed across five electronic databases, including MEDLINE,
EMBASE and the Cochrane Library, from inception to February 2021. We included all primary validation
studies that examined the comparative accuracy of a multivariable RAM (or scoring system) for
predicting the risk of developing VTE in women who are pregnant or in the puerperium. Two or more
reviewers independently undertook study selection, data extraction and risk of bias assessments using
the Prediction model Risk Of Bias ASsessment Tool (PROBAST). We used narrative synthesis to
summarise the findings.

A decision-analytic model was used to estimate lifetime expected costs and quality-adjusted life-years
(QALYs) under alternative thromboprophylaxis strategies. The decision-analytic modelling focused on
the following subgroups for which data were available on the performance of RAMs:

e high-risk antepartum women (e.g. prior VTE or known thrombophilia)
e unselected postpartum women

e obese postpartum women

e postpartum women following caesarean section.
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In the analysis for high-risk antepartum women, the strategies compared were:

e antepartum and postpartum prophylaxis for all (from booking to 6 weeks postpartum)

e antepartum prophylaxis according to a RAM followed by 6 weeks postpartum prophylaxis for all
e six weeks postpartum prophylaxis for all

e no prophylaxis.

In the analyses for postpartum women, the strategies compared were:

e postpartum prophylaxis for all (10 days)
e postpartum prophylaxis according to a RAM (10 days)
e no prophylaxis.

In all cases, the thromboprophylaxis agent was assumed to be low-molecular-weight heparin (LMWH).
In high-risk antepartum women, the RAMs compared were the Lyon RAM and the Efficacy of
Thromboprophylaxis as an Intervention during Gravidity (EThIG) RAM. For the unselected postpartum
population, the RAMs compared were Royal College of Obstetricians and Gynaecologists (RCOG),
Swedish Society of Obstetrics and Gynecology (SFOG), Caprini and the novel Sultan RAM. In the
subgroup of obese postpartum women, the only RAM included was the novel Ellis-Kahana RAM. In the
subgroup of postpartum women following caesarean section, the RAMs compared were RCOG and
the novel Binstock RAM. We also conducted an analysis assuming that a RAM was available for the
post-caesarean section population with performance similar to the Sultan RAM in the unselected
postpartum population.

The model takes a United Kingdom (UK) NHS and Personal Social Services perspective with future costs
and QALYs discounted at 3.5% per annum. Costs are reported in Great British pounds based on 2020
prices. Short-term outcomes are captured in a decision-tree phase and long-term outcomes in a lifetime
state-transition model.

The decision tree is used to estimate for each strategy: the number of women receiving
thromboprophylaxis; the impact of thromboprophylaxis on VTE outcomes (fatal and non-fatal pulmonary
embolisms and deep-vein thromboses); and the incidence of major bleeds during either
thromboprophylaxis or VTE treatment with anticoagulants and wound haematoma. Major bleeds are
separated into fatal bleeds, non-fatal intracerebral haemorrhages (ICH) and other major bleeds.
Symptomatic VTEs are assumed to result in 3 months of anticoagulant treatment which should be
continued until at least 6 weeks post delivery. Outcomes captured in the long-term model include post-
thrombotic syndrome (PTS) and chronic thromboembolic pulmonary hypertension. These are in addition
to the long-term model capturing the QALY losses from fatalities and ongoing morbidity from ICH.

For women being assessed for postpartum prophylaxis, a single decision tree captures the short-term
outcomes. For women being assessed for antepartum prophylaxis, the decision-tree phase of the model
is repeated to capture the antepartum and postpartum periods separately. Those patients who have
experienced a symptomatic VTE or a non-fatal ICH in the antepartum model are assumed to remain in
the same health state in the postpartum phase; all other patients remain at risk of VTE and progress to
the postpartum decision tree.

All model parameters were based on published literature or clinical opinion where published evidence
was lacking. Sources specific to the target population were identified for the following parameters: data
related to population characteristics [age, body mass index (BMI) and life expectancy]; absolute risks

of VTE, bleeding and PTS; costs of prophylaxis and VTE treatment. There is a paucity of data on the
efficacy of thromboprophylaxis during pregnancy and in the puerperium. Based on the clinical

expert’s understanding of the mechanism of action of prophylaxis, their personal experience and the
prothrombotic physiologic changes during pregnancy, it was decided that the relative risk (RR) for VTE
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should be based on a single small pilot trial in antepartum women with prior VTE, while the RR for
bleeding should be extrapolated from studies in medical inpatients. Other data were generally based on
sources used in a published cost-effectiveness analysis of thromboprophylaxis in hospitalised patients
(who are not pregnant or in the puerperium), with costs updated to reflect changes in prices. Parameter
uncertainty was incorporated using probabilistic sensitivity analysis and structural uncertainty was
explored using deterministic scenario analysis.

Expected value of perfect information (EVPI) analysis was used to identify the key drivers of decision
uncertainty that could be reduced by future studies. We held workshops with women with a prior VTE
or who had been offered thromboprophylaxis during pregnancy, and undertook a survey of healthcare
professionals, to understand whether potential future trials would be acceptable to the individuals who
would be invited to take part. Expected value of sample information (EVSI) analysis was then used to
estimate the value of these potential future research studies.

Results

Our systematic review of RAMs included 17 studies, comprising 19 unique externally validated RAMs
and 1 internally validated model (Ellis-Kahana). Estimates of sensitivity were highly variable ranging from
0% to 100% for RAMs that were applied to antepartum women and 0% to 100% for RAMs applied to
postpartum women. Specificity estimates were similarly diverse ranging from 28% to 98% and 5% to
100%, respectively. Most studies had unclear or high risk of bias and applicability concerns, mainly due
to limitations in participant selection and statistical analysis.

In the decision analysis for high-risk antepartum women, using the EThIG RAM to select patients for
antepartum prophylaxis had a 42% probability of having an incremental cost-effectiveness ratio (ICER)
under £30,000 per QALY compared to a strategy of offering only postpartum prophylaxis. This led to
considerable decision uncertainty, with an overall EVPI of £1454 per patient for high-risk antepartum
women, equivalent to £21.8 million over 5 years of births. A high proportion of this (94%) was related to
uncertainty in the effectiveness of LWMH to reduce VTE risk compared to no prophylaxis. The EVSI
analysis found that a randomised controlled trial (RCT) of 30 patients per arm comparing LMWH with no
prophylaxis would have a value of £13.1 million over 5 years of births, rising to £19.7 million for a RCT
of 500 patients per arm. Small trials such as these would have substantial value compared to the typical
cost of trials in these populations (£1.1-2.0 million), assuming decision-makers are willing to use the
estimates of efficacy obtained, to make better informed decisions about prophylaxis in this population,
without requiring them to meet a formal hypothesis test.

In the decision analysis for unselected postpartum women, the poor performance of the available RAMs
(including RCOG, SFOG and Sultan), combined with the relatively low absolute risk of VTE, meant that a
strategy of offering no prophylaxis had an 89% probability of being optimal, when valuing a QALY at
£30,000. This was reflected in an EVPI of £0.68 per person; £2.0 million over 5 years of births. No EVSI
was conducted for this population due to the low EVPI estimates.

In the decision analysis for obese postpartum women, there was substantial decision uncertainty, with
the Ellis-Kahana RAM having a 64% probability of being the optimal strategy when valuing a QALY at
£30,000, despite the fact that on average it had lower QALYs and higher costs than a strategy of offering
no prophylaxis. The overall EVPI was £22.35 per patient, or £13.4 million across 5 years of births, with a
high proportion (99%) being related to the RR of VTE. The EVSI analysis found that a RCT of LMWH
versus no prophylaxis in obese postpartum women would have a value of £2.8 million, over 5 years of
births, if it enrolled 300 patients per arm, rising to £11.6 million if enrolling 10,000 patients per arm.

In the decision analysis for postpartum women following caesarean section, neither of the RAMs that
had been specifically validated in women following caesarean section (RCOG and Binstock) performed
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sufficiently well to have an ICER under £30,000 per QALY compared to a strategy of offering no
prophylaxis. Offering no prophylaxis had the highest probability of being the optimal strategy (when
valuing a QALY at £30,000) even when assuming that a RAM could be identified for the post-caesarean
section group which performed similarly to the Sultan RAM in the unselected cohort. In this scenario,
the EVPI was £7.74 per patient, equivalent to £5.6 million over 5 years of births and 68% of the overall
EVPI was related to the RR of VTE. In the post-caesarean section group, a RCT of 5000 patients per arm
would be needed to generate an EVSI of £2.2 million over 5 years of births, when assuming that a RAM
is available which performs similarly to the Sultan RAM.

The only RAM validated in an unselected antepartum population had poor performance; therefore,
analysis in this group was limited to an exploratory analysis which suggested that for a RAM to be cost-
effective for use in an unselected antepartum population, it would need to have high specificity (90-
95% for a sensitivity of 100-53%). Exploratory analyses were also conducted for women with three
antepartum risk factors. This found that offering antepartum prophylaxis from 28 weeks to women with
three antepartum risk factors (excluding prior VTE) as per current RCOG guidance is unlikely to have an
ICER under £30,000 per QALY. However, a formal analysis of EVPI could not be conducted as the
absolute risk in this group is not well quantified.

The workshops indicated that a study randomising women to LMWH or placebo would be less
acceptable to women who have had a prior VTE or thrombophilia than for other groups of women.
Surveyed healthcare professionals reported lower clinical equipoise for women with prior VTE,
thrombophilia or BMI >40kg/m?2. The survey also suggests that healthcare professionals have greater
clinical equipoise for a study determining the effectiveness of thromboprophylaxis in antepartum
women with three clinical risk factors (other than prior VTE or thrombophilia) who are currently eligible
for prophylaxis from 28 weeks. The survey results also suggest that in postpartum women there is
greater clinical equipoise in women whose risk factors are an elective caesarean section combined with
either age over 35 years or obesity, and women whose only clinical risk factors are age and a BMI
between 30 and 40 kg/m2. Workshop participants reported receiving limited information about VTE or
risks and benefits of thromboprophylaxis during pregnancy and the puerperium and those without prior
VTE often did not understand why they had received treatment. However, women with experience of a
prior VTE felt that it would not be ethical to randomise women to placebo given the perceived risk of
VTE and the perceived effectiveness of LMWH in this group. Although the workshop participants
generally favoured cluster randomisation over individual randomisation, clinicians felt individual
randomisation was more acceptable.

Conclusions

The benefits of thromboprophylaxis clearly outweigh the risks in those with the highest risk of VTE, such
as women with a prior VTE, but the balance of benefits and harms is less clear in lower-risk groups.
There is substantial decision uncertainty regarding the use of RAMs to select high-risk women for
antepartum prophylaxis and obese postpartum women for postpartum prophylaxis. The main source of
decision uncertainty was related to the RR reduction of thromboprophylaxis for preventing VTE due to a
lack of RCTs in pregnancy and the puerperium. This uncertainty is reflected in the widely variant
strategies and guidelines for use of thromboprophylaxis in obstetric populations in different countries,
notably the USA and UK. The expected benefits of conducting further trials to reduce this uncertainty
are highly relative to typical research costs, but in the UK, clinical trials are more likely to be acceptable
and feasible in the group of women who have not had a previous VTE. In unselected postpartum women
and women following caesarean section, the poor performance of available RAMs (including RCOG)
meant that RAM-based prophylaxis strategies had less favourable cost-effectiveness with lower decision
uncertainty.
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Recommendations for future research

Future research should focus on estimating the efficacy of thromboprophylaxis in preventing VTE in
pregnancy and the puerperium. Clinical trials comparing LMWH with no prophylaxis would be more
acceptable to both healthcare professionals and the public, in women who have not had a previous VTE,
but who have other risk factors, such as obesity.

Study registration

This study is registered as PROSPERO CRD42020221094.

Funding

This award was funded by the National Institute for Health and Care Research (NIHR) Health Technology
Assessment programme (NIHR award ref: NIHR131021) and is published in full in Health Technology
Assessment; Vol. 28, No. 9. See the NIHR Funding and Awards website for further award information.

Copyright © 2024 Davis et al. This work was produced by Davis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.

vii



SCIENTIFIC SUMMARY: A SYSTEMATIC REVIEW AND ECONOMIC EVALUATION

viii

NIHR Journals Library www.journalslibrary.nihr.ac.uk



Health Technology Assessment 2024 Vol. 28 No. 9 (Scientific summary)

Copyright © 2024 Davis et al. This work was produced by Davis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the

title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.






Health Technology Assessment

ISSN 2046-4924 (Online)
Impact factor: 3.6
A list of Journals Library editors can be found on the NIHR Journals Library website

Launched in 1997, Health Technology Assessment (HTA) has an impact factor of 3.6 and is ranked 32nd (out of 105 titles) in the
‘Health Care Sciences & Services' category of the Clarivate 2022 Journal Citation Reports (Science Edition). It is also indexed

by MEDLINE, CINAHL (EBSCO Information Services, Ipswich, MA, USA), Embase (Elsevier, Amsterdam, the Netherlands), NCBI
Bookshelf, DOAJ, Europe PMC, the Cochrane Library (John Wiley & Sons, Inc., Hoboken, NJ, USA), INAHTA, the British Nursing
Index (ProQuest LLC, Ann Arbor, MI, USA), Ulrichsweb™ (ProQuest LLC, Ann Arbor, MI, USA) and the Science Citation Index
Expanded™ (Clarivate™, Philadelphia, PA, USA).

This journal is a member of and subscribes to the principles of the Committee on Publication Ethics (COPE)
(www.publicationethics.org/).

Editorial contact: journals.library@nihr.ac.uk

The full HTA archive is freely available to view online at www.journalslibrary.nihr.ac.uk/hta.

Criteria for inclusion in the Health Technology Assessment journal
Manuscripts are published in Health Technology Assessment (HTA) if (1) they have resulted from work for the HTA
programme, and (2) they are of a sufficiently high scientific quality as assessed by the reviewers and editors.

Reviews in Health Technology Assessment are termed ‘systematic’ when the account of the search appraisal and synthesis
methods (to minimise biases and random errors) would, in theory, permit the replication of the review by others.

HTA programme

Health Technology Assessment (HTA) research is undertaken where some evidence already exists to show that a technology can
be effective and this needs to be compared to the current standard intervention to see which works best. Research can evaluate
any intervention used in the treatment, prevention or diagnosis of disease, provided the study outcomes lead to findings that
have the potential to be of direct benefit to NHS patients. Technologies in this context mean any method used to promote health;
prevent and treat disease; and improve rehabilitation or long-term care. They are not confined to new drugs and include any
intervention used in the treatment, prevention or diagnosis of disease.

The journal is indexed in NHS Evidence via its abstracts included in MEDLINE and its Technology Assessment Reports inform
National Institute for Health and Care Excellence (NICE) guidance. HTA research is also an important source of evidence for
National Screening Committee (NSC) policy decisions.

This manuscript

The research reported in this issue of the journal was funded by the HTA programme as award number NIHR131021. The
contractual start date was in January 2021. The draft report began editorial review in April 2022 and was accepted for publication
in February 2023. The authors have been wholly responsible for all data collection, analysis and interpretation, and for writing up
their work. The HTA editors and publisher have tried to ensure the accuracy of the authors’ manuscript and would like to thank
the reviewers for their constructive comments on the draft document. However, they do not accept liability for damages or losses
arising from material published in this manuscript.

This manuscript presents independent research funded by the National Institute for Health and Care Research (NIHR). The views
and opinions expressed by authors in this publication are those of the authors and do not necessarily reflect those of the NHS,
the NIHR, the HTA programme or the Department of Health and Social Care. If there are verbatim quotations included in this
publication the views and opinions expressed by the interviewees are those of the interviewees and do not necessarily reflect
those of the authors, those of the NHS, the NIHR, the HTA programme or the Department of Health and Social Care.

Copyright © 2024 Davis et al. This work was produced by Davis et al. under the terms of a commissioning contract issued

by the Secretary of State for Health and Social Care. This is an Open Access publication distributed under the terms of the
Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction and adaptation

in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must
be cited.

Published by the NIHR Journals Library (www.journalslibrary.nihr.ac.uk), produced by Newgen Digitalworks Pvt Ltd, Chennai, India
(www.newgen.co).


https://www.journalslibrary.nihr.ac.uk/journals/#Editorial%20Boards%20and%20Groups




