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abstract

Women with a history of venous thromboembolism (Vte) have a 2 % to 10 % abso-
lute risk of developing pregnancy-associated recurrent Vte. Based on these figures, 
the evidence-based guidelines recommend ante- and postpartum pharmacological 
thromboprophylaxis for all pregnant women with a history of Vte and a moderate or 
high risk of recurrent Vte. the optimal dose of thromboprophylaxis in this setting is un-
known. the Highlow study is a randomized controlled trial (rCt) comparing a fixed low 
dose of low-molecular-weight heparin (lMWH) with an intermediate dose of lMWH 
for the prevention of pregnancy-associated recurrent Vte in pregnant women with a 
history of Vte. Here we present an interim report of the study as of June 2016.

from 1 april 2013 to 28 June 2016, a total of 270 eligible patients were identified, of 
which 222 (82 %) gave informed consent and were enrolled. Baseline characteristics of 
181 patients with completed baseline data in the case report form are presented. in 
addition, we show the inclusion rates over time, demonstrating an exponential increase 
of participating centers and subsequently enrolled patients.

this report represents the largest number of pregnant women with a history of Vte 
participating in a rCt to date. the vast majority of eligible women is willing to partici-
pate in the study, and recruitment of these patients has been proven feasible.
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background

Women with a history of venous thromboembolism (Vte) have a 2 % to 10 % absolute risk of 
developing pregnancy-associated recurrent Vte without thromboprophylaxis (1–4). Based 
on these figures, evidence-based guidelines recommend postpartum pharmacological 
thromboprophylaxis with low-molecular-weight heparin (lMWH) for all pregnant women 
with a history of Vte (5,6). Women with a moderate or high risk of recurrent Vte (i.e. women 
with a history of multiple Vte or a single Vte that is either unprovoked or associated with 
pregnancy, a hormonal risk factor, or a minor risk factor such as long distance travel), should 
also receive thromboprophylaxis antepartum. the optimal dose of lMWH for thrombopro-
phylaxis in pregnant women at moderate or high risk of recurrent Vte is currently unknown. 
the american College of Chest physicians (aCCp) antithrombotic guideline suggests the 
use of either a prophylactic or intermediate (half-therapeutic) dose of lMWH in this setting, 
without a preference of one dose over the other (5). the Highlow study is an investigator-
initiated, multicenter, international, open-label, randomized controlled trial (rCt) compar-
ing the efficacy and safety of a fixed low dose of lMWH versus an intermediate dose of 
lMWH for the prevention of pregnancy-associated recurrent Vte (nCt01828697). Women 
aged 18 years or older with a history of Vte, a confirmed pregnancy with a gestational age 
of less than 14 weeks, and an indication for thromboprophylaxis ante- and postpartum, are 
eligible for the study. the rationale and detailed design features of the Highlow study have 
been described elsewhere (7). While several challenges have been met, especially in setting 
up the study internationally, enrolment is progressing well. in april 2013 the first patient was 
enrolled in the Highlow study. Here we give an update of the study status as of June 2016.

current status

Eligible patients
from 1 april 2013 to 28 June 2016, a total of 270 pregnant patients with a history of 
Vte, that fitted the in- and exclusion criteria of the Highlow study, were identified and 
recorded in 43 actively participating centers in 5 countries. of these, 222 (82 %) gave 
informed consent and were subsequently enrolled. six of these patients participated 
twice; 1 had a full-term pregnancy and 5 had a miscarriage during first participation. 
figure 4.1 depicts the selection of patients and reasons for exclusion.

twelve centers reliably recorded eligible women that did not give informed consent. 
in these centers, 149 patients were identified in total, of which 101 gave their consent 
(68 %; table 4.1). the majority of patients that did not give consent either preferred a 
low dose of lMWH (42 %) or did not give a specific reason (46 %). enrolment rates in 
these centers vary from 0 % to 88 %.
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Baseline characteristics of included patients
on 28 June 2016, baseline data in the case report form (Crf) had been completed 
for 181 patients. table 4.2 lists the baseline characteristics of these patients. the mean 
age was 33 years ± 5.1, and the mean body mass index (BMi) at time of inclusion was 
26.7 ± 5.9. the majority of patients had a history of lower limb deep vein thrombosis 

table 4.1. proportion of patients giving consent in 12 centers that recorded all eligible patients

centre
number of eligible 
patients identified

number of 
patients giving 

consent

proportion of 
patients giving 

consent

academic Medical Center
(primary study center)

64 52 83 %

rotunda Hospital, Dublin 17 14 82 %

university Medical Center 
Groningen

12 3 25 %

Jeroen Bosch ziekenhuis, 
‘s-Hertogenbosch

11 5 45 %

Deventer ziekenhuis 8 7 88 %

onze lieve Vrouwe Gasthuis, 
amsterdam

8 6 75 %

atrium Medisch Centrum, Heerlen 7 5 57 %

Martini ziekenhuis, Groningen 7 3 55 %

university Medical Center utrecht 5 3 60 %

Máxima Medisch Centrum, 
Veldhoven

5 2 40 %

leiden university Medical Center 4 1 25 %

Groene Hart ziekenhuis, Gouda 1 0 0 %

TOTAL 149 101 68 %

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Pregnant patients with a history of VTE, identified and recorded 

from 1 April 2013 to 28 June 2016 (N = 270) 

Excluded (N = 48) 

• No specific reason provided (N = 22) 

• Patient prefers therapeutic dose (N = 2) 

• Patient prefers intermediate dose (N = 2) 

• Patient prefers low dose (N = 20) 

• Patient refuses antepartum prophylaxis (N = 1) 

• Advice local internist (N = 1) 

 

Included patients (N = 222) 

 

Figure 4.1. flow diagram of the identification and inclusion of eligible patients
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(n = 102; 56 %) or pulmonary embolism (n = 73; 40 %). of all previous Vte, the majority 
was hormone-related (n = 97; 54 %) or related to pregnancy (n = 58; 32 %). in total, 34 
(19 %) of prior Vte were unprovoked, and in 30 (17 %) cases a minor risk factor, such as a 
minor trauma or airplane flight, had been present. thrombophilia screening had been 
performed previously in 101 patients (56 %) and more than half of these (59 patients, 
58 %) had positive tests, most often heterozygous factor V leiden (n = 39; 64 %) and 
heterozygous prothrombin 20210a mutation (n = 13; 22 %).

table 4.2. Baseline characteristics

variables n = 181

age, mean (SD) 33 (5.1)

BMi, mean (SD) 26.7 (6.0)

systolic blood pressure, mean (SD) 116 (12)

nulliparous, n (%) 71 (39)

History of early termination of pregnancy/euG, n (%) 77 (43)

History of preterm birth *, n (%) 16 (9)

History of fetal growth restriction, n (%) 10 (6)

History of cesarean section, n (%) 26 (14)

History of placenta-mediated complications, n (%) 17 (9)

 pregnancy-induced hypertension 8 

 preeclampsia 7 

 Hellp syndrome 1 

 not specified  1 

History of postpartum hemorrhage¥, n (%) 9 (5)

number of previous Vte episodes, n (%)

 1 162 (88) 

 2 14 (9) 

 3 1 (1) 

 not specified 4 

Years between previous Vte† and randomization¸ median (IQR) 4.8 (2.1–1.4)

site of previous Vte‡, n (%)

 DVt of the lower extremity 102 (56) 

 DVt of the upper extremity 8 (4) 

 pulmonary embolism 73 (40) 

 splanchnic Vte 3 (2) 

 Cerebral Vte 8 (4) 

 extensive superficial thrombophlebitis§ 6 (3) 

 other¶ 11 (6) 
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table 4.2. Baseline characteristics (continued)

variables n = 181

provoking factor of previous Vte, n (%)

 unknown 5 

 unprovoked  34 (19) 

 Hormone-related 97 (54) 

  Combined oral contraceptive use 93 

  High dose progestogen 1 

  assisted reproductive technique 1 

  nuvaring 1 

  not specified 1 

 pregnancy-related 58 (32) 

  During pregnancy 31 

  postpartum 25 

  not specified 2 

 Minor risk factor 30 (17) 

  air-travel related 3 

  Car-travel related 5 

  Minor trauma 5 

  other** 4 

  not specified 2 

Major risk factor in 3 months prior to previous Vte, n (%) 9 (5)

 surgery 3 

 immobilization 6 

thrombophilia screening performed, n (%) 101 (56)

 positive test 59 (58) 

  factor V leiden heterozygous 39 (64) 

  factor V leiden homozygous 2 (3) 

  prothrombin 20210a mutation heterozygous 13 (22) 

  prothrombin 20210a mutation homozygous 0 

  antithrombin deficiency 0 

  protein s deficiency 2 (3) 

  protein C deficiency 2 (3) 

  antiphospholipid syndrome 1 (2) 

known allergic skin reactions to nadroparin, n (%) 17 (9)

lMWH received prior to randomization, n (%) 55 (39)
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Enrolment rates
figure  4.2 shows the gradual increase in the number of actively recruiting hospitals, 
from June 2013 to June 2016. Consequently, the inclusion rate has been growing 
exponentially (figure 4.3, figure 4.4). to demonstrate a 65 % relative risk reduction with 
the intermediate dose compared to the low dose of lMWH, a number of 29 recurrent 
Vte would provide a power of 80 % to demonstrate superiority of an intermediate dose 
over a low dose. Based on an expected incidence of recurrent Vte of 4 % to 5 % in the 
fixed low dose group, the estimated sample size contains approximately 1000 women. 
this number may be adjusted upward and downward based on the overall number of 
events observed during the primary analysis period in the study. With current inclusion 
rates, we expect to reach a 1000 inclusions by the end of 2019 (figure 4.5).

Discussion

this report of patients included in the Highlow study represents the largest number 
of pregnant women with a history of Vte participating in a rCt to date. reassuringly, 

table 4.2. Baseline characteristics (continued)

variables n = 181

lMWH received after randomization, n (%)

 nadroparin 89 (49) 

 Dalteparin 13 (7) 

 tinzaparin 18 (10) 

 enoxaparin 53 (29) 

 not specified 8 

sD: standard deviation; BMi: body mass index; euG: extra-uterine gravidity; Hellp: hemolysis; el-
evated liver enzymes, low platelet count; iQr: interquartile range; Vte: venous thromboembolism; 
DVt: deep vein thrombosis; lMWH: low-molecular-weight heparin.
* preterm birth is defined as delivery before 37+0 weeks of gestation
¥	Defined	as	≥ 500mL	according	to	the	criteria	of	the	World	Health	Organization
† in case of multiple venous thromboembolism: the most recent event
‡ some patients had venous thromboembolism at multiple sites at the same time
§ superficial thrombophlebitis that was treated as deep vein thrombosis, i.e. treated with antico-
agulant therapy for at least 3 months
¶ including: retinal vein thrombosis, muscle vein thrombosis close to popliteal vein treated as deep 
vein thrombosis, isolated calf vein thrombosis, isolated pelvic vein thrombosis, retroperitoneal vein 
thrombosis, and ovaric vein thrombosis
** including: two cases of active colitis, cystoscopy under general anesthesia, and legionella infec-
tion
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a large proportion of eligible women is willing to participate in the Highlow study. 
Hence, recruitment of these patients has been proven feasible.

thus far, only two very small prospective trials, both with methodological limitations, 
have evaluated the efficacy of thromboprophylaxis in pregnant women with a history 
of Vte. one study included 16 patients and compared lMWH to placebo for antenatal 
prophylaxis. one patient in the placebo arm developed a recurrent Vte 29 days after 

Figure 4.2. number of actively recruiting hospitals

Figure 4.3. total number of inclusions from april 2013 to June 2016
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delivery (8). another study compared heparin versus placebo antepartum in 40 pa-
tients; one recurrent Vte was observed in the placebo group two weeks after delivery 
(9). several retrospective studies implicate that a low dose of lMWH is suboptimal for 
Vte prevention in pregnant women with previous Vte and a moderate to high risk 
of recurrent Vte, with reported recurrence rates of 5 % to 6 % (3,4,10–13). one study 
showed conflicting results (14). Due to the absence of direct evidence, the aCCp guide-

Figure 4.4. number of inclusions per quartile from april 2013 to June 2016

Figure 4.5. expected enrolment
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line suggests a prophylactic or intermediate dose of lMWH in this setting, without a 
preference of one dose over the other (5). the Highlow study will be the first providing 
direct evidence on the optimal dose of thromboprophylaxis and is therefore very likely 
to impact current clinical practice and modify consensus guidelines.

our enrolment rates are very encouraging compared to previous studies evaluat-
ing thromboprophylaxis in pregnant women. recently, a pilot study was undertaken 
to evaluate the feasibility of conducting a multicenter double-blind rCt comparing 
a prophylactic dose of lMWH to placebo in women with a high postpartum risk of 
Vte (15). over 6 months, only 25 of 378 eligible women (7 %) gave informed consent. 
Main reasons for declining informed consent were not being comfortable with injec-
tions (27 %) and a lack of time for participation (15 %). a second pilot study examined 
the feasibility to conduct an open-label rCt comparing 10 days of prophylactic dose 
lMWH to no lMWH for postpartum prophylaxis in women with a high Vte risk. of 343 
eligible patients, 37 (11 %) provided consent, and reasons for declining consent were 
similar to the first pilot study (16). an explanation for the high consent rate in our study 
may be the fact that patients with a history of Vte have an indication for thrombopro-
phylaxis anyway. furthermore, patients with a history of Vte usually are very motivated 
to prevent this Vte from reoccurring.

the enrolment rates in our study vary substantially between centers, which is likely 
due to differences in counseling. almost half of the patients that declined participation 
because they preferred a low dose, were identified in one center. several factors and 
personal experiences play a role in decision making and it is important that the coun-
selor is motivated and equipped to inform the patient well on all relevant aspects of 
participation. for example, a patient may prefer what is the routine dose in her hospital 
because it feels safe, despite the fact that this dose is not based on evidence. some 
patients received a certain dose during a previous pregnancy and therefore prefer that 
dose again. others prefer a low dose, driven by fear of bleeding with an intermediate 
dose. these gut feelings may lead to challenging informed consent conversations and 
one counselor may be better equipped than the other to convince the patient that 
participation is considered safe by the medical ethical committee, and that we at pres-
ent really do not know which dose is most efficacious and safe.

the distribution of risk factors associated with prior Vte in our cohort is quite compa-
rable to earlier studies on pregnant women with a history of Vte (2–4,11). for example, 
in our cohort 19 % of previous Vte were unprovoked, where other studies reported 
figures ranging from 11 % to 33 % (2). an exception is that in two other studies, 15 % and 
16 % of all Vte were related to combined oral contraceptives, which is much lower than 
the 54 % that we report (2,4). However, in the study by Brill-edwards and colleagues, 
women with known thrombophilia were excluded. since there is a multiplicative risk 
increase with the use of oral contraceptives in women with hereditary thrombophilia 
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(17), this could explain the relatively low proportion of prior Vte related to oral contra-
ceptive use in this cohort.

in more than half of our patients thrombophilia screening was performed, which 
probably reflects the fact that a substantial part of Vte occurred many years ago when 
thrombophilia testing was more commonly performed. nowadays, thrombophilia 
screening is in general advocated against in patients with Vte except for specific cases, 
as it usually does not have therapeutic consequences (18,19). of all tested patients 
in our cohort, a large proportion had confirmed thrombophilia. similar percentages, 
ranging from 40 % to 61 %, have been reported in other studies on pregnant women 
with Vte (4,11,20). the distribution of thrombophilia types is comparable to the general 
population and existing cohorts, with heterozygous fVl and heterozygous prothrom-
bin 20210a mutation being most prevalent (4,20).

numerous challenges have been encountered at the start of the Highlow study, 
which is reflected by the slow inclusion rate in the beginning of the trial. Dedication, 
endurance and perseverance of our many enthusiastic, indispensable co-investigators 
and our own team have been key factors to get this study up and running. although we 
are not there yet, we feel confident that with current inclusion rates, outcome results 
will be available in 2020.

conclusions

the enrolment rates of the Highlow study show that recruitment of pregnant women 
with a history of Vte that need thromboprophylaxis ante- and postpartum, is feasible. 
outcome results are expected in 2020.
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