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ABSTRACT

Objectives To assess the comparative accuracy of risk
assessment models (RAMs) to identify women during
pregnancy and the early postnatal period who are at
increased risk of venous thromboembolism (VTE).

Design Systematic review following Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
guidelines.

Data sources MEDLINE, Embase, Cochrane Library and
two research registers were searched until February 2021.
Eligibility criteria All validation studies that examined
the accuracy of a multivariable RAM (or scoring system)
for predicting the risk of developing VTE in women who
are pregnant or in the puerperium (within 6 weeks post-
delivery).

Data extraction and synthesis Two authors
independently selected and extracted data. Risk of bias
was appraised using PROBAST (Prediction model Risk Of
Bias ASsessment Tool). Data were synthesised without
meta-analysis.

Results Seventeen studies, comprising 19 externally
validated RAMs and 1 internally validated model, met the
inclusion criteria. The most widely evaluated RAMs were
the Royal College of Obstetricians and Gynaecologists
guidelines (six studies), American College of Obstetricians
and Gynecologists guidelines (two studies), Swedish
Society of Obstetrics and Gynecology guidelines (two
studies) and the Lyon score (two studies). In general,
estimates of sensitivity and specificity were highly variable
with sensitivity estimates ranging from 0% to 100% for
RAMSs that were applied to antepartum women to predict
antepartum or postpartum VTE and 0% to 100% for RAMs
applied postpartum to predict postpartum VTE. Specificity
estimates were similarly diverse ranging from 28% to 98%
and 5% to 100%, respectively.

Conclusions Available data suggest that external
validation studies have weak designs and limited
generalisability, so estimates of prognostic accuracy are
very uncertain.

PROSPERO registration number CRD42020221094.

INTRODUCTION

Venous thromboembolism (VTE) remains
an important cause of maternal morbidity
and mortality in the developed world." While
uncommon, VIE complications can occur
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= A number of risk assessment models for venous
thromboembolism (VTE) in pregnancy and puerperi-
um have been developed using a variety of methods
and based on a variety of predictor variables.

= This systematic review provides a comprehensive
review of risk assessment models for predicting the
risk of developing VTE in women who are pregnant
or in the puerperium (within 6 weeks post-delivery).

= The newly developed PROBAST (Prediction model

Risk Of Bias ASsessment Tool) was used to evalu-

ate the risk of bias and applicability of the available

evidence.

Heterogeneity in the included studies (participants,

inclusion criteria, clinical condition, outcome defi-

nition and measurement) and variable reporting of

items precluded meta-analysis.

= Limitations of the existing evidence and areas of fu-
ture research are highlighted.

at a rate of 1-2 per 1000 deliveries and can
develop at any time during pregnancy.”™* The
risks substantially increase during the post-
partum period (6 weeks post-delivery)’ and
can be as high as 60-fold in some individuals
compared with age-matched non-pregnant
women.’ Preventative treatment with low-
dose anticoagulation (thromboprophylaxis)
has the potential to reduce the risk of symp-
tomatic and asymptomatic VIE in pregnancy
and the postpartum period.” Consequently,
various prominent international guidelines
recommend targeted thromboprophylaxis
for pregnant and puerperal women deemed
to be at high risk of VTE.? ™13 However,
these expert-based consensus guidelines vary
substantially with regards to the threshold of
risk (based on certain risk factors) and the
timing, dose and duration of pharmacolog-
ical thromboprophylaxis.

Risk assessment models (RAMs) have
been developed to help stratify the risk
of VITE during pregnancy and the early
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postnatal period. These models use clinical informa-
tion from the patient’s history and examination to
identify those with an increased risk of developing
VTE who are most likely to benefit from pharmaco-
logical thromboprophylaxis. Inappropriate use of
VTE prophylaxis may not reduce VIE rates and may
cause unnecessary harm especially through bleeding
and bruising."* While RAMs could improve the ratio
of benefit to risk and benefit to cost, it is unclear
which VTE RAM are best applied to guide decision-
making for thromboprophylaxis in clinical practice
and thereby optimise patient care.

The aim of this systematic review was to identify
primary validation studies and determine the accuracy of
individual RAMs that identify pregnant and postpartum
women at increased risk of developing VIE who could be
selected for thromboprophylaxis.

METHODS

A systematic review was undertaken in accordance with
the general principles recommended in the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.'” This review was part of a
larger project on Thromboprophylaxis in pregnancy and
after delivery16 and was registered on the International
Prospective Register of Systematic Reviews (PROSPERO)
database.

Eligibility criteria

All studies evaluating the accuracy (eg, sensitivity,
specificity, C-statistic) of a multivariable RAM (or
scoring system) for predicting the risk of developing
VTE were eligible for inclusion. We primarily sought
and selected studies that included validation of the
model in a group of patients that were not involved in
the development of the prediction model. Although
the included studies could have reported derivation of
the model (for internal validation), we only used the
external validation data to estimate accuracy, where
appropriate. The study population of interest in our
review consisted of pregnant and postpartum (within
6 weeks post-delivery) women who are at increased
risk of developing a VTE and receiving care in both
hospital, community and primary care settings. Studies
that focused on non-pregnant women were excluded
as these patient groups have VTE risk profiles that
differ markedly from the obstetric population.

Data sources and searches

Potentially relevant studies were identified through
searches of several electronic databases and research
registers. This included MEDLINE (OvidSP from 1946),
Embase (OvidSP from 1974), the Cochrane Library
(https://www.cochranelibrary.com  from inception),
ClinicalTrials.gov (US National Institutes of Health from
2000) and the International Clinical Trials Registry Plat-
form (WHO from 1990). All searches were conducted

from inception to February 2021. The search strategy used
free text and thesaurus terms and combined synonyms
relating to the condition (eg, VIE in pregnant and post-
partum women) with risk prediction modelling terms."”
No language or date restrictions were used. Searches were
supplemented by hand-searching the reference lists of all
relevant studies (including existing systematic reviews);
forward citation searching of included studies; contacting
key expertsin the field; and undertaking targeted searches
of the World Wide Web using the Google search engine.
Further details on the search strategy can be found in the
online supplemental appendix S1.

Study selection

All titles were examined for inclusion by one reviewer
(GR) and any citations that clearly did not meet the
inclusion criteria (eg, non-human, unrelated to VTE
in pregnancy and the puerperium) were excluded (for
quality assurance a random subset of 20% was checked by
asecond reviewer (AP)). All abstracts and full-text articles
were then examined independently by two reviewers (GR
and AP). Any disagreements in the selection process were
resolved through discussion or if necessary, arbitration by
a third reviewer (JD) or the wider group (BJH, CN-P, SG)
and included by consensus.

Data extraction and quality assessment

For eligible studies, data relating to study design, meth-
odological quality and outcomes were extracted by one
reviewer (GR) into a standardised data extraction form
and independently checked for accuracy by a second
reviewer (AP). Any discrepancies were resolved through
discussion, or if this was unsuccessful, a third reviewer’s
opinion was sought (JD). Where multiple publications of
the same study were identified, data were extracted and
reported as a single study.

The methodological quality of each included study
was assessed using PROBAST (Prediction model Risk
Of Bias ASsessment Tool)."® ' This instrument includes
four key domains: participants (eg, study design and
patient selection), predictors (eg, differences in defini-
tion and measurement of the predictors), outcome (eg,
differences related to the definition and outcome assess-
ment) and statistical analysis (eg, sample size, choice of
analysis method and handling of missing data). Each
domain is assessed in terms of risk of bias and the concern
regarding applicability to the review (first three domains
only). To guide the overall domain-level judgement about
whether a study is at high, low or an unclear (in the event
of insufficient data in the publication to answer the corre-
sponding question) risk of bias, subdomains within each
domain include several signalling questions to help judge
with bias and applicability concerns. An overall risk of bias
for each individual study was defined as low risk when all
domains were judged as low; and high risk of bias when
one or more domains were considered as high. Studies
were assigned an unclear risk of bias if one or more
domains were unclear, and all other domains were low.
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Data synthesis and analysis

Due to significant levels of heterogeneity between
studies (study design, participants, inclusion criteria)
and variable reporting of items, a meta-analysis was
not considered possible. As a result, a prespecified
narrative synthesis approach® *' was undertaken, with
data being summarised in tables with accompanying
narrative summaries that included a description of
the included variables, statistical methods and perfor-
mance measures (eg, sensitivity, specificity and C-sta-
tistic (a value between 0.7 to 0.8 and >0.8 indicated
good and excellent discrimination, respectively; and
values <0.7 were considered weak)),” where appli-
cable. All analyses were conducted using Microsoft
Excel 2010 (Microsoft Corporation, Redmond, Wash-
ington, USA).

Patient and public involvement
Patients and the public were not involved in the design or
conduct of this systematic review.

RESULTS

Study flow

Figure 1 summarises the process of identifying and
selecting relevant literature. Of the 2268 citations iden-
tified, 16 studies™™® investigating 19 unique externally
validated RAMs met the inclusion criteria. Only one of
these studies” presented data on model development
and external validation (this study used UK Clinical Prac-
tice Research Data linked to Hospital Episode Statistics
to develop a risk prediction model and externally vali-
dated using Swedish medical birth registry data). The
remaining studies focused on external validation with no
description of the initial derivation methodology.%"‘%4 56-58
Due to the lack of model derivation studies with external
validation, we also identified and included one internal
validation study for completeness (ie, prediction model
development without external validation).* This study
used a bootstrap validation approach to capture opti-
mism in model performance® *' when applied to similar
future patients. Most of the full-text articles (n=97)

M
g
= Records identified through database Additional records identified through
é searching other sources
= (n=2263) (n=35)
<
=
—
y
) Records screened by title
(n=2268)
& Excluded by title
S (n=1469)
e A4
@ Records screened by abstract
(n=799)
— Excluded by abstract
— (n=685)
= Full-text articles (citations) assessed for eligibility
= (n=114)
% Full-text articles excluded,
= with reasons
= (n=97)
"| NotaRAM for predicting the
— v risk of developing VTE in
) pregnancy or the puerperium
Full text articles included (n=26), no relevant/useable
(n= 17 studies) outcome data (n=57),
inappropriate study design/
publication (commentary,
letter, review, protocol) type
(n=5), abstract/duplicate of
Studies included in narrative synthesis an included/excluded full text
2 (n= 17 studics) paper (n=7), data overlap
'g with included study (n=2)
'g e 16 external validation studies (19 unique models)
— ¢ 1 internal-validation study (1 unique model)
'
Studies included in quantitative synthesis (meta-analysis)
(n = 0 studies)

Figure 1 Study flow chart (adapted). RAM, risk assessment model; VTE, venous thromboembolism.
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were excluded primarily based on not using an RAM
for predicting the risk of developing VIE during preg-
nancy or the puerperium, having no useable or relevant
outcome data or an inappropriate study design (eg,
reviews, commentaries or study protocols). A full list of
excluded studies with reasons for exclusion is provided in
online supplemental appendix S2.

Study and patient characteristics
The design and participant characteristics of the 17
included studies are summarised in table 1. All studies were
published between 2000 and 2020 and were undertaken
in North America (n=4),%* ¥ Southeast Asia (n=1),%
Europe (n=10),% 2780323136 g th America (n=1)"! and
one study was multicountry.” Sample sizes ranged from
52°! to 662 387 patients in 14 observational cohort
studies (6 prospective® FTAWILIBI6 () single centre) and 8
retrospective24 2629303435 3739 [2 of which were multicentre]
in design). Sample sizes in two, single centre case—control
studies™ * ranged from 76™ to 2421%* patients and one
study used a non-randomised multicentre study design.23
The mean age ranged from 27.8years” to 34years™ *
(not reported in 7 studies) 242732 3436-58

The majority of studies were conducted across ante-
natal and postnatal periods,” T2 313638 () postpartum
period only%_26 30 52 83 35 3739 and generally included
women at increased risk of VTE. " 2829315933839 e
study excluded women with a history of VTE™ and six
studies? 27 % 33637 included all pregnant women who
delivered. Thromboprophylaxis was employed in about
half (n=9)% % 231333530 f the studies, with the propor-
tion receiving thromboprophylaxis ranging from 3% to
100%.% *® The remaining studies did not report data on
thromboprophylaxis use.

VTE definition and case ascertainment

Only a few studies® *” ** % defined the VTE endpoint
(deep vein thrombosis and/or pulmonary embo-
lism) as being confirmed by objective testing. Of the
remainder, 3 studies® ¥ * had no objective confirma-
tion of VTE and 10 studies*"°**7!1 933438 qid not report
the methods for diagnosis confirmation. Although
9 studies® 27 2 32943539 §iq not report the VTE risk
period, the majority of the remaining studies used the
RAMs to predict the occurrence of VIE up to 3 months
after delivery.” *****! Despite differences in study design,
study participants, definitions, different criteria for the
use of thromboprophylaxis and differences between
doses of low molecular weight heparin (LMWH), the
reported overall incidence of VTE in pregnancy and the
puerperium was <1.3%.

RAMs

The studies included in this review evaluated 19 exter-
nally validated RAMs**™ and 1 internally validated risk
model.” While most RAMs focused solely on the esti-
mate of thromboembolic risk, RAMs varied in design,

structure, threshold, dosage and duration for pharma-
cological prophylaxis. In addition, the individual predic-
tors and their weighting varied markedly between RAMs.
The most commonly used tools were the Royal College
of Obstetricians and Gynaecologists guidelines (six
studies),* * ¥ 37 American College of Obstetricians
and Gynecologists (ACOG) guidelines (two studies),*® ¥
Swedish Society of Obstetrics and Gynecology guidelines
(two studies)**® and the Lyon score (two studies). % A
simplified summary of their associated characteristics and
composite clinical variables is provided in online supple-
mental appendix S3.

Risk of bias and applicability assessment
The overall methodological quality of the 17 included
studies is summarised in table 2 and figure 2. The meth-
odological quality of the included studies was variable,
with most studies having high or unclear risk of bias in
at least one item of the PROBAST. The main risk of bias
limitations was related to patient selection factors (arising
from retrospective data collection, 2029303234 3739 g clear
exclusions/incomplete patient enrolment?* 2027 31-34 363859
or unclear criteria for patients receiving VIE prophy-
laxis)® * *; predictor and outcome bias (due to a
general lack of details on the definition**2° 2%-31 33 34 38
and methods of outcome determination®* 2 2831 33 34 3739
and whether all predictors were available at the models
intended time of use® ** #3234 359 1 ipfluenced by
the outcome measurement)*** %39 and analysis factors
(low event rates, ! %573 ynclear handling of missing
data® 174399 410 d failure in reporting relevant perfor-
mance measures such as calibration and discrimina-
tion),23-3436-38

Assessment of applicability to the review question led
to the majority of studies being classed either as unclear
(n=13)2 280 823439 1 hioh (n=4)2 23133 11 of inap-
plicability. These assessments were generally related to
patient selection (highly selected study populations,
for example, selected women at increased risk of VTE,
caesarean delivery only, single disease pathologies,
single site settings), predictors (inconsistency in defini-
tion, assessment or timing of predictors) and outcome
determination.

Predictive performance of VTE RAMs (summary of results)

Table 3 and table 4 shows the sensitivity and specificity of
RAMs that were applied to antepartum women to predict
antepartum or postpartum VIE or applied postpartum
to predict postpartum VTE, respectively, with the results
grouped by RAM. However, any meaningful comparisons
between these alone is difficult, without considering the
models’ corresponding discrimination and calibration
metrics, which were not universally reported. Only one
external validation study considered model discrimina-
tion and calibration. In this study by Sultan et al,” their
recalibrated novel risk prediction model (also known as
the Maternity Clot Risk) provided good discrimination
and was able to discriminate postpartum women with
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and without VTE in the external Swedish cohort with
a C-statistic of 0.73 (95% CI: 0.71 to 0.75), and calibra-
tion, of observed and predicted VTE risk, close to ideal
(calibration slope of 1.11 (95% CI: 1.01 to 1.20)). In the
remaining studies, interpretation was further limited
by marked heterogeneity, which was exacerbated when
different thresholds were reported by different studies
evaluating the same model. In general, model accuracy
was generally poor, with high sensitivity usually reflecting
a threshold effect, as indicated by corresponding low
specificity values (and vice versa).

DISCUSSION

Summary of results

This systematic review identified 19 externally validated
RAMs (and 1 internally validated risk model) that aimed
to predict the risk of VIE in pregnant and postpartum
women and who could be selected for thromboprophy-
laxis. Although various risk models (based on a variety
of predictor variables) are being used, most of these
lacked rigorous development and evaluation. The predic-
tive accuracy of the RAMs was highly variable, and the
substantial risk of bias concerns and the general lack of
methodological clarity and unclear applicability make
meaningful comparisons of the evidence difficult.

Interpretation of results
Despite the development and use of various RAMs to
predict the risk of developing VIE in women who are

pregnant or in the puerperium (within 6 weeks post-
delivery), VI'E remains the leading cause of direct mater-
nity mortality in the UK (MBRRACE-UK report 2021).
Several explanations for this are possible: the risk assess-
ment tools are inadequate; the application of these tools is
incomplete or inaccurate; the underlying VTE risks of the
pregnant population (increasing age, body mass index
and comorbidities) are changing from when the RAMS
were developed; or all three problems are operating.

The use of thromboprophylaxis was reported in nine
studies™ #2721 3355 (ranging from 3% to 100%* *).
This may lead to underestimation of predictive accu-
racy if a given RAM was to predict VIE events that were
subsequently prevented by thromboprophylaxis. In the
remaining studies (n=8) where thromboprophylaxis use
was not reported (n=8), further analysis of its impact on
the performance of the RAMs was not possible. This also
suggests that the degree to which thromboprophylaxis
reduces the risk of VIE in those who received it cannot
be accurately estimated. Moreover, the lack of data on the
predictive performance of weight-based LMWH dosing,
dosage change throughout pregnancy and D-dimer
testing in the included studies also precluded further
analysis of its association with VTE.

Comparison to the existing literature

To our knowledge, there are no previous systematic
reviews on this topic. However, recently several large regis-
tries have been interrogated in an attempt to derive robust
prediction rules for this population, although with some
methodological concerns. Sultan et al,”> developed (using
a large English-based registry database covering 6% of
the population) and validated (using a Swedish national
database registry) a risk prediction tool to estimate the
absolute risk of VTE in postpartum women according to
their individual risk factor combinations. Despite the low
incidence of VTE in both cohorts (<0.08%), their model
showed good discrimination in the external cohort and
poor sensitivity at predicting those at risk of experiencing
VTE. In addition, their model lacked some important
VTE risk factors (eg, thrombophilia, antepartum immo-
bilisation), and possibly underestimated the risks due to
diagnosis limited to diagnostic coding (eg, varicose veins,
severity of comorbidities) and the use of thromboprophy-
laxis in both cohorts.*? Ellis-Kahana et al,gg also derived
(using a large national database from the USA) a risk
prediction model for VIE in obese pregnant women and
indicated strong discrimination. However, this model still
requires external validation.

Strengths and limitations

This systematic review has several strengths. It is the first
systematic review to evaluate RAMs for predicting the
risk of developing VTE in women during pregnant and
the puerperium periods, and was conducted with robust
methodology in accordance with the PRISMA statement'”
and the protocol was registered with the PROSPERO
register. Clinical experts, in addition to the core review

8

Pandor A, et al. BMJ Open 2022;12:065892. doi:10.1136/bmjopen-2022-065892

* (s3gv) Jnauadns juswaublasug
| 8p anbiyde.bollqig sousby 1e §z0z ‘0T aunr uo jwod [wg uadolwa//:dny woiy pspeojumoq "220z 4890100 ZT U0 268590-2202-uadolwa/oeTT 0T Se paysiignd isiiy :usdO (NE

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold


http://bmjopen.bmj.com/

BMJ Open: first published as 10.1136/bmjopen-2022-065892 on 12 October 2022. Downloaded from http://bmjopen.bmj.com/ on June 10, 2025 at Agence Bibliographique de |
Enseignement Superieur (ABES) .
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

Open access

"WISI|OqQWIB0gUUOIY] SNOUBA ‘J ] A ‘@allsod aniy g ‘ennebau anuy ‘N1 ‘SisIBojooseUAL) pue sueliol1a1sqQ Jo a9bsjj0) jeAoy
‘DODY ‘S[9POW JUBWSSISSE XSl ‘S|NYY ‘papodal Jou ‘YN ‘eAlsod as|e) 4 ‘ennebau asie) ‘N4 ‘sio1ebiisenu| Alpiaess) Buunp uoiusAielu| ue se sixe|Aydosdoquioly jo Aoeoi3 ‘oY1l

(86°0 01 26°0) 86°0 (e7°0 01 00°0) 00'0 9292 S P9 0 12/B 19 INdINey 1A I < 8J09s ¥siy (Apnis 8u0) IDIHIVHLS
(001 1£°0) 920 (00103 1G0) 00}  8GI 0 €8¢ 14 o2/€ ¥ pnebieq 1A €2 2I00s Xisiy (Apmis suo) uoAT
(1£'00162°0) 82°0 (co'Lor¥¥'0)00'L S22 0 289 € ¢z[E 10 syoesieneg 1A sl ybiy Aien/ybiH (Apnis au0) HIY13
J1A wnyedisod Bunoipald

(86'0 01 98°0) 560 (ev’'001600) L20  ¥S Gl € 4 gguloIsuIag pue ssiopy 1A g< 21008 ¥isiy (Apnis au0) 0O0Z SSIOM
(66'0 0} £6°0) 860 (6%°0 04 00°0) 00'0 2292 v vS 0 ,2/B 19 INdINeyY 1A I 2100s sy (Apmis su0) IDIHIVHLS
(F001 120 520 (16'00160°0) 0S50 /Gl L 982 L o2/® ¥ pnebieq 1A €< 2J008 Xsiy (Apnys auo) oA
(1£'00162°0) 82°0 (bo'Lorve0)00'L S22 0 €89 Z ¢2[€ 19 syoesieneg 1A sl ybiy Aien/ybiH (Apnis auo) HIY13
J1A Wwnyuedsjue Bunoipaid

(96001 #6'0) G6'0  JLA OU — SjeWIISS O} B|qEUN  HEI| 0 S8 0 oe/® 1O BIS8L 1A G'g< 91008 Ysiy (Apmis su0) G10g eS8l
(66'0 01 26°0) 86°0 (€'0 01 00°0) 00'0 2292 6 VS 0 12/B 19 INdINeyY 1A €3 91008 iy (Apnis 8u0) IHIHIVHLS
(87°'001€2°0) G€'0  JLA OU-ojewiss o} d|geun gl 0 € 0 /B 10 OseH IV gz 10088l (Apnis auo) (payipow) HODY
(9001 27°0) LSO (00" 0% 12°0) 00"} 65 0 9§ L /2 #o pnebieq 1A €< 2J00s Xsiy uoA
(001 1£°0) 9270 (L6001 7°0) €8°0 LGk L 28e S g2/€ 10 pnebieg 1A €< 2J00s Xsiy (se1pnis omy) UOA]
(1£'00162°0) 820 (00°1 03 250) 00+ S22 0 08S S c2/E 10 syoesieneq 1A Msu ybiy Asen/ybiH (Apnis suo) Oy 13
4N (68001 25°0)#2°0 YN 6 YN  GZ guswAhey pue ebneoeys 1A 4N (Apnis auo) sefem |1V

J1A wnyedisod Jo wnuedaiue Jayye Bunoipald

(1D %G6) Auoioads (10%G6) Auanisuags NL N4 dd dL 22Inos ejeq julodpug  }JO-1nd Jo ploysaiyL S|9pPOW JUSWISSASSE Ysiy

Sainseawl aduew.iolad

J1A 101paid 01 wnuedajue paldde S\vY 10 8ouewlousd € djgeL

Pandor A, et al. BMJ Open 2022;12:065892. doi:10.1136/bmjopen-2022-065892



http://bmjopen.bmj.com/

BMJ Open: first published as 10.1136/bmjopen-2022-065892 on 12 October 2022. Downloaded from http://bmjopen.bmj.com/ on June 10, 2025 at Agence Bibliographique de |
Enseignement Superieur (ABES) .
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

N

panunuon m

[{=}

(L2001220) Y20 JLA OU — BjEWNSS O} B|gRUN ol 0 679 0 celB 102107 EIT) €2 2J00S Ysiy 5004 3

»o(#0B1ISaE) g

(20°0 03 50°0) 90°0 (00" 03 #2°0) 00"+ A8 0 2692 L1 unjie pue yoolsulg EIT) N (seipnis om1) HOOY s

[=%

(001 0300°1) 001 JLA OU — BjEWNSS O} B|gRUN 658 0 0 0 celB 102107 EIT) €% 2J00S Ysiy (Aprys au0) HOOY m

Aluo Aianijep ueaseseaed Buimo|oy 31 A wnpedisod Buioipald %

[Sp)

(seusAllep 0000+ -

(66°0 01 66°0) 66°0 (¢1'001200)600 062559 Pt 9/59  I¥ /€ 19 UBlNg 1A Jad gL :ploysaiyl) 9 | doy :s1030ey XSl g 910z ‘ueyns 2

(seuenijep 0000+ ]

(560 01 G6°0) G6°0 (leooreg0) L20 988829 28 0862 6EL ool 30 UelNg 31N Jod /61 :ploysaiy) %S do} si030e} YSl g3 910z ‘uenns g

[se}

(sauianiep @

(760 0} ¥6°0) 76°0 (P00} 22°0)06°0  0/2029 €9¢  960L7 8SL /e #8 UBINg 31A 00001 Jed | :ploysaiys) %9 do} :SI030.) HSU g2 9102 ‘uelng @

N

(seuanijep 0000 =~

(06°0 01 06°0) 06°0 (0r'0012e0)9e0  €1856G 968  €5099 S8l /e 18 uBIng EIT) Jad ¢ | :ploysaiyy) %01 do} :sI0}oe} YSH g 9102 ‘uelNs S

N

(seuenijep 0000 g

(08°0 01 08°0) 08°0 (8G°0016v°0) €50  SG¥662S €ve LeBlEL  8/T /e 18 uBng LA Jad 8°6 :ploysaiyl) %0g do} :S1030.} XSl g 910z ‘velng S5

N

(sauenlIep 00004 =

(G2°00162°0) G20 (9°00165°0)09°'0 068967 LLg 9/6%¥9L O0lE o¢/€ 19 UBlNS EIT) Jad /'8 :ploysaiyi) %Gg do} :s10J0.) ¥sli g2 910g ‘ueyns =

(seuonlep 0000+ 3

(59'0 01 59°0) 590 (€L001$9°0)89°0  98€0ey 991 08V IEZ  GSE /€ 19 UBYNS 1A Jad g/ :ploysaiyy) %Ge doy :s1030.y) XSl g (#Apnys su0) 9102 ‘ueNNS <

o

(1apuosIp olj0quIBOqWIOIY} Winpedalue M

(88°0 01 88°0) 88°0 (290 01 8%7°0) 850 Sov el e14 9266 €9 o5/E 10 BUBYEY-SI||T 1T (1s11 ybiy) g< 21008 sty noyum) 0z0g ‘eueye-sijj3 o
(HApnms
(16°0 01 06°0) 06°0 (12°001€5°0) 290 677G A% ZreL 89 oc/€ J0 BUBYEY-SI||I3 LA (st ybiy) €< 21008 Xsly  BUO) (jpPOW INY) 00T “BueyEeM-S!|Ig
(18°0 0} #2°0) 82°0 (62001 00°0) 000 €6¢ L €Ll 0 o2[8 ¥8 NeyD LA (130s BIEP G10CT) €= 94008 Ysiy 6102 ‘NeyD
(68°0 03 82°0) 28°0 (62003 00°0) 000 9G¥ L Lok 0 o2/8 ¥8 NeyD EIT) (139s BIEP Z102) €< 94008 Ysiy (Apnis 8u0) 6102 ‘NEUD
(#6°0 01 ¥6°0) 760 (Gz0018L0) L20  L2L029 ¢y  SyLiy  60L <o/® 30 UelNg LA SI0}J0B} YSH g D04S
(96°0 01 ¥6°0) 560 (¥9°0 01 £€°0) 610 €lee 6l LLL 8L 2o[€ 10 1sInbpur] EIT) 22 2109 ¥siy (seipnis om3) DO4S
(990 02 69°0) 99°0 (89°00185°0) €90  9¢8€82  GLL  S0Z6YL L6l <o/€ 10 UBlNS EIT) Jojoe} ¥sii ybly | IO SI0J0BY XSU MO| g2 500
(867001 9€°0) LE0 (62001 90°0) €€°0 vSee Z 1€8¢ L JolE Jo uBlL EIT) 2R 2I09s ¥siy 500d
(590 01G5°0) 09°'0  JLA OU — S}eWNSS O} B|geUN 902 0 8el 0 og/€ #0 UuBWSSED LA N (selpnis 881y1) HOOY
(66°0 01 66°0) 66°0 (95°0 01 00°0) 00°0 1709 € 0S 0 JelE #0 uBlL EIT) < ©100S Ysiy (Apris su0) enped
(08'00182°0) 62°0 (96°0 03 00°0) 00°0 vesy € 1621 0 PRERVTE EIT) < 21008 Ysiy iuuden
(150 01 87°0) 05°0 (62003 90°0) £€°0 G20e 4 990¢ L PRERVT EIT) €2 2109 ¥sIY lunded
(90°0 01 50°0) S0°0 (001 01 #%°0) 00°L LLe 0 0825 € J6lE 19 uell 1A Z< 91008 ¥siy (Apnys suo) 1uuden
(001 0266°0) 00'L  JLA OU — S}EWINSS O} B|geUN 1423 0 0 0 og/E #0 UuBWSSED EIT) N (Aprys 8u0) HSY
(#6003 88°0) 160 JLA OU — S}EWINSS O} B|gEUN vie 0 0e 0 og/€ #0 UUBWSSED LA N (Aprys au0) HOOY
(€6'00398°0) 060 JLA OU — }EWINSS O} B|gRUN ole 0 e 0 og/€ #0 UUBWSSED EIT) N (Apmis su0) 4OOV
AKianljep ueasesaed pue [euiben Buimoljo) 31 A wnuedisod Bunoipaid
(19 %S6) Auoyioads (12 %G6) AuAmsuag NL N4 dd dl sounos ejeq  julodpuz 40-1Nd 10 ploysaiy L S|9POL JUBLUSSASSE YSIY

Sainsesw 9ouUBWIONAd

J1A 101paid 0} wnuedysod paijdde S)NVY 10 @douewIoped 9|qelL

)
7
o
3]
3]
®©
c
[
o

o

10


http://bmjopen.bmj.com/

@
<
[
team, were involved and consulted throughout as advi- 0
= 5 R © g . e e}
Bl =a| £t ¢ sors and to assess the validity and applicability of research o
S| S n o g8 . . . by
Bl oo g B findings during the review processes. =
()
| o o o 8¢ w5 . el e . =
= I v B The main limitations of this study related to the obser- @
o| o 8 9 Eg 5 . . . .
E( S o o =& g vational nature of the studies reviewed and their own °
o| = =~ = v c
28 €5 g5¢° 5 limitations. Most of the included risk prediction studies =2
& N o g
(=] o o = . . . n
£2 3 were retrospective cohorts. Retrospective cohort studies e
sr3 7] . . o . [¢°]
S 8 of large health database registries are limited by poor a
O 3 . . .
o ve 2 data quality and failure to accurately ascertain outcomes 7]
—_ 0 %3 . . . .
= | é% = and case—control designs are prone to bias including v &
o o = . . - I
= (5|8 ER & uncontrolled confounding, temporal and selection & R
o | s 09 @ .48 . . D W
> 2 28 £ 3 bias.”™ Conversely, better quality data may be obtained & o
N o ® Q . . . o o
B~ 2|2 /8§ ¢ with prospective cohorts, but smaller sample sizes will 2 3
5| = = = SR% S L. .. o =
£|lg g & g0 lack statistical power. In addition, most of the external & ©
gl <= & £2 ¢ . ; - ®
- e =3 = validation studies evaluated predictive performance of § @
(53] . . o . . . o 0
g2 £ risk models that were not statistically derived (ie, without < N
370 a ’ S O
o o £3 8 model development and internal validation). This@ N
Z () 59 : . . . . . =3 '
B © 2t 55 process is vital, as risk models with only external valida- = g
] -5 . . . .. 40 @ - ="
= ze ES tion may be subject to overfitting and optimism.™ Simi- 3 &
n| 2 0 o [} P L}
glklo -~ o ©vg 238 larly, the absence of model performance measures such £~
1%
E 5E 25 as calibration or discrimination hinders the full appraisal 5 S
[} o £ c
3 = oS 41 «
Elal8 5. %25 82% of models. > &
82 -83 . . .
g =Y Y88 2975 Due to the high levels of heterogeneity between studies, = Q
25 L5 . .
S £2 2 ag we were unable to undertake any meta-analysis or statis- 8 15
oalk-| ~ o o = ..0 . . . . on o
3> 05 tical examination of the causes of heterogeneity due to 2 § @
= X = . . . . D
- 28 85% the small number of external validation studies per risk SN
v =TI . . . . —
s 8¢ coa model. Potential sources of heterogeneity include vari- 8 N
- 0 SN o~ >2 . . . . . .
ol = & fo g30 ation in study design, the study population, risk model g8 g
o < ~ T O o . . . e e]
5| sy B g £35 9g% 1 defi d =
5/ 3% %8 | £2 F0y implementation, outcome definition and measurement g ¢, =
o 59 8 ® e g c §.2 . X c >
- EERIKEE: e 8% and the use of thromboprophylaxis. As a result, we S5 5
= > x w S oo oL o L. . @
Sl58 §8° 52 stec¢< reported descriptive statistics to provide a better under- 2 =8
S8 838 . . . . Zaog
" £ uFt standing of the evidence base applicable to the subject 2So
S i <Z . . T 1. =
3 3% pis matter, and shortcomings regarding reliability and validity §3 3
HE No . A
E E E E 2 S 8’78: of the data. Finally, assessments on study relevance, infor- 3 % 3
o + 35 . . ‘g . . =} >
Sc 8¢ mation gathering and validity of articles were unblinded =& Z
£°S 5 € & . .
g2 g 59 and could potentially have been influenced by preformed € * =
© .. . . . . . O
g2 <BE6 opinions. However, masking is resource intensive with Z 5
= Y9 O . . . . . .. 44 T =
a2 S6% uncertain benefits in protecting against bias decisions.” o 9
NO ~Oohp =] 9]
o™~ SE2a =
£ o Ne) =] )
= .. O % " - " - -
£5 38% Implications for policy, practice and future research ©« g
~ o = > . . .
- By #7532 VTE risk assessment is challenging for numerous reasons. 5 =
e 0%o . o e o
o= = G~ -89 Many risk factors for VIE are pre-existing and non- g
o ® 9839 . . . . 1s =
< af, 2° 5973 modifiable (such as parity and inherited thrombophilia). 3 5
g 93 . . . . =
5 S SF 50 These are then often combined with evolving risk factors @ =
g 2R TE gig . o
ke T o 8% 250 which can change over the course of a pregnancy or post- g <
o s Q SO O - . . . . (2]
= $8 25 w9% natal period. Despite wide scale awareness of VIE beinga = @
o s x £8 £33 . . . =
Elz 22 g8 £< E major contributor to maternal mortality, numerous chal- 2 ©
= O = . . . . . . o
g8 =58 lenges with VTE risk stratification have been highlighted. @ 1
5 83 o
O Towm . . o N
83 §2& In the UK, the MBRRACE-UK report (Saving Lives, & o1
85 Eg© . 45 ’
bs c£572 Improving Mothers’ Care 2018)™ shows that doctors and i
x2 S0 . . .. . . .
- ol = = = 252 midwives find existing risk scoring systems difficult to Q
| O ° o w O . . .. . . @
g - EREIA g§.s880 apply consistently in clinical practice. There is a need for 3
c > T O x of . .
= E g 285 cgg22 3 development of an RAM that is simpler and more repro- g
c| O AR = = . . .
8 glo o § Qg % 5 ‘:’% % ducible. National Institute for Health and Care Excellenc4e =
S5 = @ >9 . . . 6 =
2/ R S 83°%5 9 guidelines on the use of thromboprophylaxis (NG89) S)
< > 5 0>32w g= . 5 «
o gl s g S £sf. £3 concluded that the tool described by Sultan et af’® showed >
- 2 S et e . . .
= B2 : < §g E=8 S poor sensitivity compared with their prespecified target =
= C | B O3 | s of 90% sensitivity. However, this high level of sensitivity a
@
o
@

Pandor A, et al. BMJ Open 2022;12:2065892. doi:10.1136/bmjopen-2022-065892 11


http://bmjopen.bmj.com/

may not be realistic because there is evidence that only
70% of women having antenatal pulmonary embolism
had any identifiable classic risk factors suggesting that
sensitivity rates above 70% may not be achievable.*” In
addition, a high sensitivity rate is usually associated with
a lower specificity rate and the overall balance of benefits
and harms may be undesirable if that means exposing a
high proportion of women to thromboprophylaxis.

Despite lack of evidence, many guidelines and clin-
ical care bundles include the use of RAMs to guide VIE
prophylaxis. Recently published ACOG guidelines state
that most RAMs have not been validated prospectively in
the obstetrical population and that current usage of such
models is based on extrapolations from non-pregnant
women, who differ biologically from pregnant women.
The practice bulletin emphasises the need for more
research to identify optimal models.”” Although further
research is clearly needed the routine use of thrombo-
prophylaxis may present a barrier to generating accurate
and precise estimates of the prognostic accuracy of RAMs.
Further work to improve RAMs to help stratify the risk
of VIE in women who are pregnant or in the puerpe-
rium could focus on using decision-analytical modelling
to compare the effects, harms and costs of giving throm-
boprophylaxis to patients with varying risks of VTE. This
would allow determination of the risk threshold at which
thromboprophylaxis provides optimal overall benefit.
Subsequent work to validate these findings would require
primary research. Despite the limitations of undertaking
accuracy studies in populations where thromboprophy-
laxis is routinely used, future research could focus on
selected higher risk groups who are more likely to benefit
from prophylaxis and, with a higher prevalence of VTE,
are more amenable to an appropriately powered prospec-
tive study. However, given the uncertain benefits and
harms of VTE thromboprophylaxis during pregnancy and
the postpartum period,'* ** risk prediction studies should
be undertaken alongside (or as a part of) randomised
trials of prophylaxis in targeted groups deemed to be at
higher risk of VTE.

CONCLUSIONS

Currently, there are a number of risk assessment models
for assessing risk of VIE in pregnancy and the puerpe-
rium. Our review has shown that none of these models
has been adequately validated and they have limited abil-
ities to detect those at risk of VTE.
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