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   Venous throm bo em bo lism (VTE) is a lead ing cause of mater nal mor bid ity and mor tal ity world wide. Despite the impact 
of VTE on preg nant and post par tum peo ple and on soci ety, guide lines addressing pre ven tion, diag no sis, and man age-
ment of VTE in preg nant and post par tum peo ple fre quently are based on rec om men da tions from expert opin ion and 
are extrap o lated from data in non preg nant pop u la tions. Pregnant indi vid u als are fre quently excluded from clin i cal tri als, 
which is a bar rier to pro vid ing safe, effec tive care. Anchoring to a case dis cus sion, this review pro vi des an update on 
recently published and ongo ing ran dom ized clin i cal tri als (RCTs), pro spec tive clin i cal man age ment stud ies, and other 
research in this area. It high lights, in par tic u lar, the results of the Highlow RCT, which addresses opti mal pre ven tion of 
recur rence dur ing preg nancy in peo ple with prior VTE. Finally, we raise aware ness of the impact of national and inter na-
tional clin i cal trial net works on the con duct of RCTs in preg nancy. We con clude, based on these data, that aca demic VTE 
clin i cal tri als in preg nant women can and must be done.  

   LEARNING OBJECTIVES 
    •  To under stand the impact of VTE in preg nancy and the cru cial impor tance of excel lent pre ven tion and diag nos tic 

and man age ment path ways 
   •  To review the most recently published data and guide lines addressing opti mal pre ven tion, diag no sis, and 

man age ment of VTE in preg nancy  

  CLINICAL CASE 
  It was Feb ru ary 2018. Aries was a 27  year  old clin i cal nurse 
spe cial ist at 28 weeks ’  ges ta tion in their fi rst preg nancy. 
They were being cared for in the emer gency depart ment 
with suspected pul mo nary embolism. They complained 
of left  sided pleu ritic chest pain with out breath less ness. 
Their respi ra tory rate was 16 breaths per min ute, blood 
pres sure was 111 / 70    mm Hg, heart rate is 84 beats per 
min ute, and oxy gen sat u ra tions were 99 %  on room air. 
They had no lower limb symp toms. I met them, and we 
discussed their suspected diag no sis.  

 The impact of venous throm bo em bo lism (VTE) 
in preg nancy 
 VTE is a lead ing cause of death of preg nant and post par tum 
peo ple. 1,2  Those who sur vive can have life long dis abil ity. 

VTE risk is higher dur ing preg nancy than in the non preg
nant state and peaks post par tum: pooled inci dence rates 
of 1.2 (95 %  con fi  dence inter val [CI]: 1.0  1.4) and 4.2 (95 %  CI: 
2.4  7.6) per 1000 per son  years have been reported dur ing 
the ante na tal and post par tum peri ods, respec tively. 3  

 I explained to Aries that we sus pect pul mo nary embo
lism. On one hand, Aries could appre ci ate the impor
tance of not miss ing a pul mo nary embolism diag no sis 
in preg nancy. However, they were wor ried about being 
exposed to radi a tion through diag nos tic imag ing. We 
had a dis cus sion. 

 Radiation expo sure dur ing imag ing for pul mo nary 
embolism in preg nancy ( Table 1 ) 
 A nor mal per fu sion scan and a neg a tive com puted tomo
g ra phy pul mo nary angio gram (CTPA) are con sid ered 
effec tive for rul ing out pul mo nary embolism in preg
nancy. 2  Sensitivity and neg a tive pre dic tive value of lung 
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scin tig ra phy and CTPA are reported to be high; how ever, 
large, ade quately powered stud ies com par ing meth od ol o
gies are lacking.4,5 Both mater nal and fetal radi a tion expo sure 
are low when mod ern imag ing meth ods are used.2 Lowdose  
per fu sion scan ning (esti mated fetal radi a tion dose 0.020.20 
mGy) and CTPA (esti mated fetal radi a tion dose 0.050.5 mGy) 
expose baby to doses far below the thresh old for fetal radi a tion 
com pli ca tions (which is accepted to be 50100 mGy).2,6 Moreover, 
advances in CT tech nol ogy have reduced radi a tion expo sure 
through meth ods that include reduced kilovoltage, con trast 
mon i tor ing com po nent, and ana tomic cov er age of the scan, 
and using iter a tive recon struc tive tech niques.2,7,8 We recently 
reported that addi tional breast radi a tion dose reduc tion can 
be achieved by com bin ing lowdose CTPA with breast shields 
in preg nancy with out impacting image qual ity: shielding 
reduced sur face breast radi a tion dose by 66% (to 0.5 ± 0.3 mGy) 
in an anthro po mor phic phan tom and by 48% (to 0.7 ± 0.2 mGy) 
in study par tic i pants.8

A pro spec tive clin i cal man age ment study, “OPTICA” (Opti
mised Computed Tomography Pulmonary Angiography [CTPA] 
in Pregnancy, Quality and Safety; NCT04179487) aims to val i date 
the safety of such an opti mized lowdose CTPA pro to col as part 
of local algo rithms for eval u a tion of suspected pul mo nary embo
lism in preg nancy. The pri mary out come is the inci dence of VTE 
at 3 months in peo ple in whom the base line CTPA excluded pul
mo nary embolism6 (Figure 1).

Diagnosis of pul mo nary embolism in preg nancy
Aries asked, “Do I really need to have a scan?” They knew that 
diag nos tic algo rithms that com bine pre test prob a bil ity scores 
with Ddimers can rule out pul mo nary embolism in non preg nant 
patients.2 At the time of their assess ment, these algo rithms were 
not val i dated in preg nancy; how ever, stud ies were ongo ing, 
which have since been com pleted and published.

First, a UK pro spec tive cohort study aug mented with addi
tional cases of con firmed pul mo nary embolism did not dem
on strate diag nos tic util ity for Ddimers or clin i cal deci sion 
rules in peo ple with suspected pul mo nary embolism dur ing 
preg nancy.9,10 In this study, objec tive pul mo nary embolism 
diag nos tic imag ing and clin i cal diag no sis were per mit ted and 

there was no fixed diag nos tic algo rithm. Subsequently, 2 mul
ti cen ter pro spec tive diag nos tic man age ment out come stud
ies were published. In the first, the “CTPEPregnancy” study 
(ClinicalTrials.gov: NCT00740454), pul mo nary embolism was 
excluded with out CTPA imag ing in preg nant peo ple with non
high revised Geneva pre test prob a bil ity score and a neg a tive 
Ddimer (defined as <500  ng/L).11 The pri mary out come, symp
tom atic VTE at 3 months, occurred in 0.0% (95% CI: 0.0%1.0%) 
of untreated peo ple; 11.7% did not require diag nos tic imag ing. 
Bilateral com pres sion ultra sound (CUS) was man dated in peo
ple qual i fy ing for CTPA but had a low diag nos tic yield.

A sec ond mul ti cen ter pro spec tive man age ment study with 
a sim i lar design (the Arte mis study12) eval u ated an algo rithm 
termed “YEARS” (Figure 2), adapted for preg nancy. Pulmonary 
embolism was excluded in peo ple with no “YEARS” items and 
a Ddimer level <1000  ng/mL, or ≥1 “YEARS” item and Ddimer 
<500  ng/mL. CUS was performed if there were clin i cal signs 
of deep vein throm bo sis (DVT). At 3month fol lowup, only 1 
par tic i pant devel oped a pop li teal DVT (0.21%; 95% CI: 0.04%
1.2%). Exposure to diag nos tic imag ing could be avoided in 39% 
(95% CI: 35%44%) of patients. The diag nos tic yield of targeted 
CUS was 7%.

The hos pi tal in which Aries was a patient was a recruiting site 
for the Arte mis12 study. Had Aries been a par tic i pant in this trial, 
it would have been noted that they had one “YEARS” item (pul
mo nary embolism most likely diag no sis) at the time of recruit
ment, mean ing that a CTPA would be required (rather than rule 
out with out diag nos tic imag ing) with a Ddimer test >500  ng/mL. 
Their Ddimer sub se quently returned as 1200  ng/mL. A CTPA 
revealed a left lower lobe pul mo nary embolism.

The stud ies described pre vi ously impacted the 2019 Euro
pean Society of Cardiology (ESC) Guidelines on Diagnosis and 
Management of Acute Pulmonary Embolism,2 which now state 
that Ddimer mea sure ment in con junc tion with clin i cal pre dic
tion rules “should be con sid ered” dur ing inves ti ga tion of sus
pected pul mo nary embolism in preg nancy (as summarized by 
the algorithm in figure 3). The ESC guide lines define the state
ment “should be con sid ered” (which indi cates a Class IIa rec
om men da tion) as “weight of evi dence/opin ion is in favour of 
use ful ness/effi cacy.”

The preg nancyadapted “YEARS” algo rithm was sub se quently  
exter nally val i dated using data from the “CTPEpreg nancy” 
study in a post hoc anal y sis.13 The pul mo nary embolism prev
a lence was 6.5%; 91 peo ple had no “YEARS” items, and 280 
had one or more items. Of 371 peo ple, 77 met cri te ria for pul
mo nary embolism exclu sion and would not have under gone 
CTPA according to the “YEARS” algo rithm (which includes 
riskadapted Ddimer assess ment, as discussed pre vi ously). 
The fail ure rate was 0%, although this is an impre cise esti mate 
(0.77; 95% CI 0.03.9%).

Moreover, a recent indi vid ual patient data metaanal y sis 
includ ing data from 893 patients from the CTPEpreg nancy11 
and Arte mis12 stud ies supported the use of non in va sive diag
nos tic strat e gies in preg nant peo ple with suspected pul mo
nary embolism, as pul mo nary embolism could be ruled out 
based on nonhigh clin i cal prob a bil ity and a nor mal Ddimer 
in up to 40% of peo ple.14 Point esti ma tes of the fail ure rates 
were accept ably low, apply ing a safety thresh old depen dent 
on pul mo nary embolism prev a lence at base line. For the YEARS 

Table 1. Fetal and mater nal breast radi a tion expo sure dur ing 
diag nos tic imag ing for pul mo nary embolism2,6-8

Test Fetal radi a tion 
dose (mGy)

Maternal breast dose 
(mGy)

Chest Xray <0.01 <0.1

Perfusion lung scan:

 Low dose: ~40 MBq 0.02-0.20 0.16-0.5

 High dose: ~200  MBq 0.20-0.60 1.2

Ventilation lung scan 0.10-0.30 <0.01

CT pul mo nary  
angi og ra phy

0.05-0.5 ~1-10a (lower with  
mod ern CTPA tech niques)

aModern advances in CT tech nol ogy have greatly reduced mater nal 
breast radi a tion expo sure.7,8 With breast shielding, fur ther reduc tions in 
mater nal breast absorbed dose can be achieved.2,8

MBq, megabecquerel.
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algo rithm, the sen si tiv ity, fail ure rates, and effi ciency (num ber 
of CTPA scans avoided) were 98% (95% CI 88%100%), 1.4% 
(95% CI 0.49%3.3%), and 43% (95% CI 40%46%), respec tively. 
The effi ciency of CUS in patients with out DVT symp toms was 
low, at 0.79% (95% CI 0.16%2.4%), but 10fold higher in those 
with DVT symp toms, at 7.9% (95% CI 3.9%15%). The base line 
pul mo nary embolism prev a lence was 5.4%.

Efforts to fur ther improve pul mo nary embolism diag no sis in 
preg nancy are ongo ing, includ ing the recent der i va tion of a novel 
pre test prob a bil ity score: the preg nancyadapted Geneva (PAG) 
score.15 In con trast to pre vi ous rules, the PAG score includes only 
objec tive items that are rel e vant to preg nant peo ple, exclud
ing items such as age >65 years or can cer. The authors derived 
the PAG score using data from the CTPEPregnancy study.11 The 
area under the curve of the PAG and the orig i nal Geneva pre test 
prob a bil ity scores were 0.795 (95% CI 0.6900.899), and 0.684 
(95% CI 0.5630.805), respec tively.

CLINICAL CASE (con tin ued)
As a nurse, Aries was inter ested to know whether sim i lar stud
ies were eval u at ing algo rithms for suspected DVT in preg nancy.

Diagnosis of DVT dur ing preg nancy
Ddimers and clin i cal pre dic tion rules are not cur rently val i
dated for DVT exclu sion in preg nancy, and diag nos tic imag
ing is essen tial. The LEFt clin i cal deci sion rule shows prom ise 
in eval u at ing preg nant peo ple with suspected DVT. Points 
are given for Left leg symp toms (1 point), Extremity swell ing 
(≥2  cm dif fer ence in calf cir cum fer ence; 1 point) and First
tri mes ter symp tom onset (1 point). People with 0 or 1 point 
have an “unlikely” clin i cal prob a bil ity, and those with >1 point 
a “likely” clin i cal prob a bil ity. In ret ro spec tive ana ly ses of 2 
cohort stud ies, the diag nos tic fail ure rate of the LEFt rule was 

Figure 1. OPTICA study (NCT 04179487) overview, outlining inclusion and exclusion criteria, CTPA protocol parameters, and set-
tings. Inset: The scan range for the OPTICA study extends from below the humeral heads to approximately 2  cm below the lowest 
dome of diaphragm. C/I, contraindication; CrCl, creatinine clearance (calculated by CockroftGault equation); CT, computed tomo
graphy; PE, pulmonary embolism; UFH, unfractionated heparin; US, ultrasound; VKA, vitamin K antagonist.
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3.1% (95% CI: 0.8%7.7%)16 and 0% (95% CI: 0%8.2%),17 respec
tively, high light ing the need for more data. The ongo ing LEaD 
study (Safely Ruling Out Deep Vein Thrombosis in Pregnancy 
With the LEFt Clinical Decision Rule and DDimer: A Prospective 
Cohort Study; NCT02507180) aims to pro spec tively eval u ate 
the per for mance of the diag nos tic algo rithm.

Back to the case; man age ment of acute VTE  
in preg nancy
In line with 2019 ESC guide lines,2 Aries’s ante na tal and peri
partum care was guided by a mul ti dis ci plin ary team with 
expe ri ence in pul mo nary embolism man age ment in preg
nancy. In the Rotunda Hospital, Dublin, Ireland, where Aries 
was being cared for, writ ten plans are jointly agreed on by a 
mul ti dis ci plin ary team and discussed with the patient them
selves. This approach is now also endorsed by the authors 
of a recent expert con sen sus toolkit from the Foundation for 
Women and Girls with Blood Disorders Thrombosis Subcom
mittee on the mul ti dis ci plin ary care of preg nant peo ple with 
VTE or at risk of VTE,18 with rec om men da tions being pro
vided on the roles of indi vid ual team mem bers in the care 
of preg nant peo ple with VTE. Lowmolec u larweight hep a rin 
(LMWH) is recommended by inter na tional guide lines and by 
these con sen sus rec om men da tions for the treat ment of VTE 
dur ing preg nancy, and direct oral anti co ag u lants are con
traindicated.2,18 Importantly, the Foundation for Women and 
Girls with Blood Disorders Thrombosis Subcommittee expert 
con sen sus toolkit18 makes rec om men da tions on the spe cific 
con tents of a deliv ery plan, which should include the tim ing, 
route, and loca tion of deliv ery; an intrapartum anticoagula
tion plan (with guid ance on the time to discontinue antico
agulation in the event of a planned or unplanned deliv ery and 
whether bridg ing anticoagulation is required); the time lines 
required for eli gi bil ity for neuraxial anes the sia; and, where 
rel e vant, a post par tum anticoagulation plan (with advice on 
options based on the infant feed ing plan).

Management of ther a peu tic LMWH in the peripartum 
period for preg nant peo ple lacks highqual ity supporting 
data.18 Guidelines con sider com pet ing risks and ben e fits 
when mak ing rec om men da tions on the tim ing of peripartum 
regional anal ge sia.2,19 These guide lines sug gest that regional 
anal ge sia should be avoided unless LMWH has been discontin
ued at least 24 hours before deliv ery (assum ing nor mal renal 
func tion and includ ing risk assess ment at extremes of body 
weight). ESC guide lines rec om mend that “LMWH should not 
be given for at least 4 hours after removal of the epi du ral cath
e ter; the deci sion on tim ing and dose should con sider whether 
the epi du ral inser tion was trau matic and take into account the 
risk pro file of the (preg nant per son).”2 For exam ple, if a shorter 
time inter val between the removal of the epi du ral cath e ter and 
com mence ment of the first LMWH is selected fol low ing this 
risk assess ment, the first dose could ini tially be a pro phy lac tic 
one. Indeed, UK guide lines20 make the fol low ing sug ges tion: 
“A thromboprophylactic dose of LMWH . . .  should be given 4 
hours post op er a tively (at least 4 hours after removal of the epi
du ral cath e ter, if appro pri ate) and the treat ment dose recom
menced 8 to 12 hours later.”1 Importantly, LMWH can be given 
to breastfeeding peo ple.

Postpartum hem or rhage (PPH) is also a lead ing cause of 
mater nal death.21 As we man age acute VTE dur ing preg nancy 
with anticoagulation, the poten tial increased bleed ing risk is 
there fore highly rel e vant.2,22 A recent sys tem atic review sought 
to char ac ter ize the risk of bleed ing in preg nant peo ple man
aged with ther a peu tic LMWH.23 The authors noted var i abil ity in 
bleed ing defi  ni tions used in indi vid ual stud ies. Because of this 
lim i ta tion, only a descrip tive report of out comes was pos si ble. 
The authors reported major bleed ing in 2.9%5.0% and PPH 
risk of 12%30% in peo ple receiv ing ther a peu tic anticoagula
tion. Importantly, the authors high lighted the lack of highqual
ity data despite this crit i cal fact: both VTE and bleed ing are 
global health pri or i ties that kill thou sands of preg nant peo ple 
every year.21,24 In a 2019 sys tem atic review only 34% of preg nant 

Figure 2. The “YEARS” items, which were included in the Artemis study diagnostic algorithm (Netherlands Trial Register number, 
NL5726).12 In this study, pulmonary embolism was excluded in people with no YEARS items and a Ddimer level <1000  ng/mL, or  
≥1 YEARS item and Ddimer <500  ng/mL. CUS was performed if there were clinical signs of DVT.
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peo ple included in an LMWH trial had bleed ing events pro spec
tively recorded using a stan dard ized defi  ni tion.25 Arising from 
this unmet clin i cal need, a new clas si fi ca tion of bleed ing dur ing 
and after preg nancy for use in clin i cal tri als has been pro posed 
by the Scientific and Standardization Subcommittee on Control 
of Anticoagulation of the International Society on Thrombosis 
and Haemostasis (ISTH)25 (Figure 4).

Highqual ity data are eagerly antic i pated from ongo ing 
cohort stud ies. For exam ple, the pro spec tive, mul ti cen ter “PREP 
and GO” (PRospective Eval u a tion of Peripartum Anticoagulation 
manaGement for throm bo em bo lism; NCT05756244) study will 
eval u ate peripartum anticoagulation man age ment among preg
nant peo ple with VTE and its impact on patient out comes using 
stan dard ized defi  ni tions and adju di cated out comes. The pri mary 
objec tive is to esti mate the com bined inci dence of major and 
clin i cally rel e vant non ma jor bleed ing up to 6 weeks post par tum 
for the most com mon 6 antepartum strat e gies (Table 2).

Furthermore, the ongo ing Pregnancy AND Anticoagulation 
(PANDA) study, being conducted via the “Venous thromboEm
bolism Network U.S.” (VENUS) national VTE research net work 
is a pro spec tive obser va tional cohort of 250 preg nant peo ple 
who require anticoagulation. The pri mary objec tive is to com
pare the inci dence of preg nancy com pli ca tions asso ci ated with 
anticoagulation around the time of deliv ery between preg nant 
peo ple treated with either unfractionated hep a rin or LMWH 
around the time of deliv ery. The Pregnancy AND Anticoagula
tion study has a com pos ite end point of cesar ean deliv ery, labor 
induc tion, inabil ity to give epi du ral or spi nal anes the sia, post
par tum hem or rhage, and venous throm bo sis from 36 weeks to 
6 weeks post par tum.

Back to the case; post par tum man age ment
Aries recov ered well and con tin ued ther a peu tic LMWH until 
6  weeks post par tum, in line with guide line and con sen sus 

Figure 3. European Society of Cardiology (ESC) algorithm for diagnostic workup and management of suspected pulmonary embo-
lism during pregnancy and up to 6 weeks postpartum. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary 
embolism developed in collaboration with the European Respiratory Society (ERS). https: / /doi .org /10 .1093 /eurheartj /ehz405. (a) If 
chest Xray is abnormal, consider also alternative cause of chest symptoms. (b) DVT in pelvic veins may not be ruled out by CUS. If 
the entire leg is swollen, or there is buttock pain or other symptoms suggestive of pelvic thrombosis, consider magnetic resonance 
venography to rule out DVT. (c) CTPA technique must ensure very low fetal radiation exposure (see Table 1). (d) Perform full blood 
count (to measure hemoglobin and platelet count) and calculate creatinine clearance before administration. Assess bleeding risk 
and ensure absence of contraindications. (e) See Konstantinides and Meyer.2 High, intermediate, and low PE pretest probability as 
defined in Konstantinides and Meyer.2 CTPA, computed tomography pulmonary angiography; CUS, compression ultrasonography; PE, 
pulmonary embolism. Reproduced with permission from Konstantinides and Meyer.2

https://doi.org/10.1093/eurheartj/ehz405
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state ment rec om men da tions favor ing lim ited dura tion antico
agulation (no fewer than 3 months in total and usu ally con tinu
ing for at least 6 weeks post par tum) for a preg nancypro voked 
VTE event.2,26

CLINICAL CASE (con tin ued)
It is now Jan u ary 2023, and Aries pres ents to the out pa tient 
clinic, 6 weeks into their sec ond preg nancy. They are keen to 
under stand how they can opti mally pro tect them selves from 
expe ri enc ing VTE recur rence. We dis cuss this and the results 
of the recently published land mark Highlow ran dom ized con
trolled trial (RCT).27

Aries is aware that peo ple with pre vi ous VTE, par tic u larly 
an unpro voked or hor monepro voked event, are at higher risk 

of recur rence dur ing preg nancy than out side preg nancy.1,11,28-30 
In con trast, preg nancyasso ci ated VTE recur rence risk is 
lower (1.0%; 95% CI: 1.9%5.7%) in peo ple with a pre vi ous 
VTE pro voked by a major non hor monal tran sient risk fac tor.31 
Consequently, there had been, prior to 2022, a con sis tent 
rec om men da tion in inter na tional and soci ety guide lines for 
phar ma co logic thromboprophylaxis dur ing preg nancy and for  
6 weeks post par tum in indi vid u als in these higherrisk catego
ries32-34 (Figure 5). However, the opti mal LMWH dose for recur
rent VTE pre ven tion was not known.

This sit u a tion was rec ti fied by the pub li ca tion in late 2022 
of the mul ti cen ter, mul ti na tional aca demic Highlow RCT.27 This 
RCT recruited 1110 preg nant indi vid u als aged ≥18 years and 
≤14 weeks’ ges ta tion who had expe ri enced prior objec tively 
con firmed VTE that was either unpro voked or pro voked by a  
hor monal (or preg nancyrelated) risk fac tor; 70 hos pi tals from 

Figure 4. Proposed definition of bleeding events in studies evaluating antithrombotic therapy in pregnant (individuals) from ISTH 
Scientific and Standardization Subcommittee on Control of Anticoagulation (reproduced from45 with permission from Elsevier. 
License no. 5518820689792; License date 30/03/2023. Colors correspond to the criteria selected for each class of bleeding: red for 
major bleeding, orange for clinically relevant nonmajor bleeding, and green for minor bleeding, respectively. (A) Proposed classi
fication for antepartum and secondary postpartum (24  h to 6 weeks after delivery) periods. (B) Proposed classification for primary 
postpartum (first 24  h of delivery) period.
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Table 2. Anticipated com mon antepartum man age ment strat e gies based on inten tion, used in the “PREP and GO”  
(PRospective Evaluation of Peripartum Anticoagulation manaGement for throm bo em bo lism; NCT05756244) mul ti cen ter  
pro spec tive cohort study

Prophylactic-dose LMWH strat e gies More-than-pro phy lac tic-dose (inter me di ate/ther a peu tic dose) LMWH 
strat e gies

Prophylacticdose LMWH with expec tant man age ment (held with con
trac tions)

Morethanpro phy lac ticdose LMWH with expec tant man age ment (held 
with con trac tions)

Prophylacticdose LMWH and IOL (held for 12 hours) Morethanpro phy lac ticdose LMWH and IOL (held for 24 hours)

Prophylacticdose LMWH and cesar ean deliv ery (held for 12 hours) Morethanpro phy lac ticdose LMWH and cae sar ean deliv ery (held for 
24 hours)

Switched to pro phy lac ticdose UFHa Switched to inter me di ate/ther a peu ticdose UFH
aTypically switched between 37-38 weeks’ ges ta tion.

The pri mary objec tive is to esti mate the com bined inci dence of major and clin i cally rel e vant non ma jor bleed ing up to 6 weeks post par tum for the 
most com mon 6 antepartum strat e gies. Of the 8 strat e gies listed above, the inves ti ga tors expect 6 pre dom i nant strat e gies. If other pos si ble strat e
gies are used other than those listed above (eg, con tinu ing anticoagulation through out labor inten tion ally or stop ping anticoagulation early at 37-38 
weeks’ ges ta tion), they will also be recorded. Prophylacticdose LMWH: enoxaparin 40  mg daily, dalteparin 5000 IU daily, tinzaparin 4500 IU daily, 
nadroparin 2850 IU daily; morethanpro phy lac ticdose LMWH: Anything higher in dose than what is listed above, includ ing inter me di atedose and 
ther a peu ticdose LMWH.

IOL, induc tion of labor; UFH, unfractionated hep a rin.

Figure 4. Continued

9 countries par tic i pated. Individuals were ran dom ized to 
either weightadjusted inter me di atedose or fixed lowdose 
LMWH. There was no sig nifi  cant dif fer ence between the 2 
groups in the pri mary effi cacy out come (recur rent, objec tively 
con firmed, centrally adju di cated VTE up to 6 weeks post
par tum), which occurred in 3% and 2% in the low and inter
me di atedose groups, respec tively (rel a tive risk [RR] 0.69 [95% 
CI 0.32-1.47]; P  = 0.33). The pri mary safety out come (major  
bleed ing) occurred in 4% of each of the inter me di atedose and 

lowdose groups (RR 1.16 [95% CI 0.65-2.09]), dem on strat ing that  
lowdose LMWH is the appro pri ate dose for pre ven tion of 
preg nancyrelated recur rent VTE. Interestingly, post par tum 
VTE recur rence occurred more fre quently in peo ple receiv ing 
lowdose than inter me di atedose LMWH (2% and 1%, respec
tively). Although it is impor tant to point out that this was a 
post hoc anal y sis, for which the study was not powered, it sug
gests a poten tially inter est ing hypoth e sis that an inter me di ate  
post par tum LMWH dose could result in reduced VTE rates in 
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the post par tum period. However, to defin i tively answer this 
ques tion, an ade quately powered study for this out come is 
required.

Primary VTE pre ven tion
We know that prior VTE is an impor tant risk fac tor for VTE dur
ing preg nancy and post par tum (and that peo ple with prior VTE 
should receive post par tum phar ma co logic thromboprophylaxis 
[Figure 5]), but that this risk fac tor is iden ti fied in only 1%2% of 
preg nant indi vid u als.35 How should VTE pre ven tion be opti mized 
post par tum in indi vid u als with other, more com monly occur ring 
risk fac tors and com bi na tions of these risk fac tors?

Identifying peo ple at increased risk of devel op ing post par
tum VTE may allow for targeted inter ven tion.32 In post par tum 
indi vid u als with high VTE risk, the ben e fits of thromboprophy
laxis may out weigh the risks.1 VTE risk fac tors are com mon: 
in an Irish study includ ing 21,019 post par tum VTE risk assess
ments,36 we reported that 78% of preg nant peo ple had at least 
one VTE risk fac tor and that onefifth of peo ple devel oped new 
VTE risk fac tors in the peripartum period that would not have 
been iden ti fied ante na tally,35 high light ing the cru cial impor
tance of VTE risk assess ment not only dur ing preg nancy but 
also post par tum.

This ques tion remains one of the most urgent knowl edge 
gaps in obstet ric and VTE prac tice inter na tion ally. Despite its 
impor tance, there is a strik ing lack of data to guide either ante
partum and par tic u larly post par tum thromboprophylaxis, at 
a time when VTE risk is highest and when risk assess ment can 
be chal leng ing. International guide line rec om men da tions vary 
widely and are based on expert con sen sus because there are 

insuf fi cient data to make evi dencebased rec om men da tions.1,37 A 
major issue has been that the use of LMWH injec tions lim its the 
fea si bil ity of a large RCT, as seen in the expe ri ence of the pilot 
PROSPER trial (LMWH vs pla cebo among post par tum peo ple 
with VTE risk fac tors). Among eli gi ble peo ple refus ing con sent, 
27.2% were uncom fort able with LMWH injec tions.38

However, there is hope on the hori zon (Table 3). Aspirin has 
shown prom ise in VTE pre ven tion in nonobstetric pop u la tions, 
nota bly fol low ing hip or knee arthroplasty.39,40 Although these 
data can not, at this time, be extrap o lated to VTE pre ven tion 
in preg nancy and post par tum, the use of an oral drug could 
hypo thet i cally improve patient accep tance of a post par tum 
trial inter ven tion. Lowdose aspirin (ASA) is con sid ered safe 
dur ing breastfeeding.32

The pilot PARTUM mul ti cen ter, ran dom ized, dou bleblind,  
pla cebocon trolled trial (ClinicalTrials  .gov Identifier: NCT041 
53760), now nearly com plete, ran dom izes eli gi ble indi vid u als 
at ele vated VTE risk to lowdose oral aspi rin or pla cebo daily 
for 6 weeks. The pri mary out come of this pilot trial is to deter
mine the fea si bil ity of a full mul ti cen ter RCT by deter min ing  
the mean recruit ment rate per cen ter per month, cal cu lated 
over 6 months.

The sin glecen ter “PPHEP” pilot trial (“Preventing post
par tum venous throm bo em bo lism with lowmolec u larweight 
hep a rin: a fea si bil ity ran dom ized con trolled trial”) in Geneva 
(NCT05878899) has also recently shown that approx i ma tely 1 in 
4 peo ple deemed to be at inter me di ate risk of VTE were will ing 
to par tic i pate in a prag matic, openlabel trial of a 10day post
par tum LMWH course. Data from this pilot trial were presented 
at the International Society on Thrombosis and Haemostasis 
con gress 2023. One hun dred twentytwo par tic i pants were 

Figure 5. How we approach VTE prevention in pregnant people with a prior VTE history. “Unprovoked VTE; VTE provoked by hor
monal or minor risk factors” is an abbreviated reference to those patients who should receive both antepartum and postpartum 
LMWH. This group is described in the inclusion criteria for the Highlow study as “Patients with previous objectively confirmed VTE, 
either unprovoked, in the presence of use of oral contraceptives or estrogen/progestagen use, or related to pregnancy or the post
partum period, or minor risk factors (e.g., long distance travel, minor trauma).”27

http://ClinicalTrials.gov
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ran dom ized to enoxaparin 4060 mg per day for 10 days or no 
treat ment. The over all recruit ment rate was 12.8 per month,41 
pro vid ing fur ther evi dence that recruit ment of peo ple to post
par tum LMWH tri als is pos si ble, even if projected VTE rates are 
low, and that regional or coun tryspe cific var i a tions in recruit
ment rates may be impor tant.

Furthermore, an ongo ing pilot sin glecen ter RCT pre
sented at the Amer i can Society of Hematology Meeting 2022 
(NCT05058924)42 ran dom ized post par tum indi vid u als deemed 
to be at ele vated VTE risk to either pro phy lac tic LMWH for  
3 weeks followed by lowdose aspi rin for the fol low ing 3 weeks 
(treat ment A) or stan dardcare pro phy lac ticinten sity LMWH 

for 6 weeks (treat ment B). Recruitment and adher ence appear 
prom is ing, with an enroll ment rate reported at American Soci
ety of Hematology of 69.2% (18/26) and treat ment adher ence 
rates of 98.2% and 94.1% in groups A and B. At 6 weeks qual ity 
oflife scores (mea sured by the Duke Anticoagulation Satisfac
tion Scale) improved by 33.3% in group A com pared with group 
B (P = 0.01).

There is a sim i lar dearth of RCT evi dence guid ing opti mal 
antepartum pri mary VTE pre ven tion. No VTE risk assess ment 
model has been suf fi ciently val i dated. However, the research 
ques tion has been pri or i tized. A mul ti cen ter study performed 
by the French STRATHEGE inves ti ga tors com pared VTE and 

Table 3. Ongoing or recently com pleted (since 01/2023) interventional post par tum pilot RCTs addressing (prin ci pally) pri mary 
VTE pre ven tion in peo ple with com bi na tions of VTE risk fac tors in the post par tum period

Trial Pilot PARTUM (NCT04153760) PP-HEP (NCT05878899) LEAP (NCT05058924)

Status Ongoing, recruiting Closed (March 2023) Ongoing, recruiting

Sponsor University of Calgary University Hospital Geneva Mount Sinai Hospital, Canada

Study design Multicenter, mul ti na tional, pla cebocon trolled, 
dou bleblind pilot RCT

Singlecen ter pilot openlabel RCT Singlecen ter pilot openlabel RCT

Intervention ASA (81  mg once daily) vs pla cebo once daily 
for 6 weeks

Enoxaparin 20-60  mg once daily 
(according to body weight) for  
10 days vs no treat ment

3 weeks of pro phy lac tic LMWHa 
followed by 3 weeks of ASA (81   mg 
once daily) vs pro phy lac tic LMWHa  
for 6 weeks

Inclusion cri te ria  
(sum ma rized)a

ONE (or more) First Order Criterion:
1. Known inherited thrombophilia prior to 

enroll ment
2. Antepartum immo bi li za tion (strict bedrest) 

for ≥7 days.

OR TWO (or more) Second Order Criteria:
1. Prepregnancy BMI ≥30  kg/m2

2. Smoking ≥5 cig a rettes/day prepregnancy
3. Previous clin i cal his tory of super fi cial vein 

throm bo sis
4. Preeclamp sia
5. Current preg nancy end ing in still birth 

(>20/40)
6. Emergency cesar ean birth
7. Smallforges ta tionalage infant at time of 

deliv ery
8. Postpartum infec tion
9. Postpartum hem or rhage (>1000  mL)

Postpartum women within 48  h of 
deliv ery, with at least ONE of:
1. Emergency cesar ean sec tion
2. Prepregnancy BMI ≥35  kg/m2

3. Known lowrisk thrombophilia
4. Preeclampsia
5. Preterm deliv ery
6. Peripartum sys temic infec tion
7. Intrauterine growth restric tion

AND/OR at least 2 of:
1. Age ≥35 years
2. Prepreg nancy BMI  

30.0-34.9  kg/m2

3. Current smok ing
4. Elective cesar ean sec tion
5. Postpartum hem or rhage
6. Antenatal immo bil ity

>18 years of age AND:
1. Personal his tory of unpro voked VTE 

prior to preg nancy or hor mone 
asso ci ated VTE and not pre scribed 
ther a peu tic anticoagulation.

OR
2. Family his tory (firstdegree rel a tive) 

of VTE and anti throm bin defi ciency, 
pro tein C or pro tein S defi ciency

OR
3. Combined thrombophilia or  

homo zy gous for the fac tor V Leiden 
muta tion or pro throm bin gene 
muta tion, and fam ily his tory of VTE 
(firstdegree rel a tive)

Exclusion cri te ria  
(sum ma rized)a

1. >48 hours since deliv ery of the pla centa at 
ran dom i za tion.

2. Received >2 doses of LMWH since deliv ery 
of the pla centa

3. Need for post par tum LMWH.  
pro phy laxis/sys temic anticoagulationb

4. Need for post par tum ASAb

5. Contraindication to ASAa

6. <18 years of age
7. Unable or refused con sent

1. Indication for ther a peu tic 
anticoagulation

2. High risk of post par tum VTE
3. Increased bleed ing risk
4. Contraindication to hep a rin
5. Age <18 years

1. Preexisting indi ca tion for  
ther a peu tic LMWH

2. Contraindication to ASAa

3. Contraindication to LMWHa

4. Active bleed ing, exclud ing  
phys i o logic vag i nal bleed ing

5. Bleeding dis or ders
6. Known severe hyper ten sion

Pilot trial pri mary  
objec tive

Mean recruit ment rate per cen ter per month, 
cal cu lated over 6 months

Recruitment rate (num ber of study 
inclu sions per month over  
6 months) and pro por tion of  
par tic i pa tiona

Enrollment rate, con sent rate,  
adher ence to pre scrip tion,  
with drawal of con sent rate, rates of 
con tam i na tiona

Target sam ple size 384 100-200 50
aFull cri te ria are avail  able for the rel e vant tri als on clinicaltrials  .gov.
bAs judged by phy si cian and/or local inves ti ga tor.

ASA, aspi rin;  ×  /40,  ×  weeks’ ges ta tional age.

http://clinicaltrials.gov
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 pla cen tal vas cu lar com pli ca tion rates pre and postimplementa
tion of a risk scor ing sys tem (includ ing but not lim ited to prior 
VTE events), which was used to deter mine thromboprophylaxis 
strat e gies in 2085 peo ple.43 Vascular events were reported in 190 
(19.2%) peo ple before and 140 (13%) after implementation of risk 
scoredriven pro phy laxis (RR 0.68 [95% CI 0.55; 0.83]) and the 
risk of preg nancyasso ci ated VTE was reduced fol low ing imple
mentation (RR 0.47 [95% CI 0.27; 0.81]). PPH occurred in 3.2% of 
peo ple before and 4.5% after implementation (RR 1.38 [95% CI 
0.89; 2.13], P = 0.15).

CLINICAL CASE (con tin ued)
Aries was struck by the impor tance of conducting high
qual ity stud ies in preg nancy to improve the care deliv ered 
to preg nant peo ple. We had discussed with them the chal
lenges faced by cli ni cians and patients: despite the very high 
stakes, preg nant peo ple are often excluded from par tic i pa
tion in clin i cal tri als.44

International net works and col lab o ra tion are cen tral to the 
suc cess of RCTs addressing VTE in preg nant peo ple, who have 
tra di tion ally been excluded. Both the Highlow and PARTUM tri
als have been endorsed by the International Network of Venous 
Thromboembolism Clinical Networks (www  .invent  vte  .com). 
Participating National VTE net works include CanVECTOR (Can
ada), INNOVTE (France), INViTE (Ireland), Dutch Thrombosis 
Network (Netherlands), Center for Thrombosis and Hemosta
sis (Germany), TRIP (Italy), Nor we gian Thrombosis Network, 
THANZ (Australia and New Zealand), VENUS (United States), 
CURES (China), and UKTReN (United Kingdom).

Concluding remarks
Aries elected to com mence pro phy lac tic LMWH through out 
their preg nancy and chose to increase their dose to an inter me
di ate inten sity post par tum, hav ing discussed the remaining data 
lim i ta tions. Their jour ney dem on strates the cru cial impor tance of 
pri or i ti za tion of highqual ity RCTs and pro spec tive clin i cal man
age ment stud ies for the pre ven tion, diag no sis, and man age
ment of VTE in preg nant peo ple.
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